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Background/Aims: The clinical significance of partial virological response (PVR) in patients undergoing antiviral therapy is not well known. This study investigated whether PVR after 2 years
of entecavir (ETV) therapy is associated with hepatocellular carcinoma (HCC) development in
cirrhotic patients.
Methods: A total of 472 naïve patients with hepatitis B virus (HBV)-associated cirrhosis who were
treated with ETV for at least 2 years were retrospectively enrolled. Clinical characteristics, laboratory data, PVR, and noninvasive fibrosis markers (aspartate aminotransferase to platelet ratio
and FIB-4 index) at 2 years after ETV commencement were analyzed for HCC risk.
Results: After excluding those who developed HCC within 2 years of ETV therapy, 359 patients
(mean age, 51±10 years; male 64.3%) were examined. During a median follow-up of 82 months,
80 patients developed HCC. In the univariate analysis, older age (hazard ratio [HR], 1.056;
p<0.001), PVR (HR, 2.536; p=0.002), higher aspartate aminotransferase (HR, 1.018; p=0.005),
lower albumin level (HR, 0.463; p<0.001), lower platelet count (HR, 0.993; p=0.01), and higher
FIB-4 index (HR, 1.141; p<0.001) at 2 years after ETV commencement were risk factors for HCC.
In the multivariate analysis, older age (HR, 1.046; 95% confidence interval [CI], 1.022 to 1.072;
p<0.001), PVR (HR, 2.358; 95% CI, 1.310 to 4.245; p=0.004), and higher FIB-4 index (HR, 1.103;
95% CI, 1.035 to 1.177; p=0.003) were independent risk factors.
Conclusions: PVR and higher FIB-4 index after 2 years of ETV therapy were independent risk
factors for HCC. Therefore, efforts to accomplish a complete virological response and reduce the
FIB-4 index should be made. (Gut Liver 2021;15:430-439)
Key Words: Partial virological response; Entecavir; Hepatocellular carcinoma; Hepatitis B virus;
Liver cirrhosis

INTRODUCTION
One of the risk factors for hepatocellular carcinoma
(HCC) development in patients with hepatitis B virus
(HBV) infection is a higher serum HBV DNA level.1 Serum HBV DNA can be effectively suppressed by nucleos(t)
ide analogues (NAs). Therefore, in the era of NA therapy,
higher basal serum HBV DNA level is no longer a risk
factor for HCC development. However, there have been

reports that insufficient suppression of serum HBV DNA
after NA therapy may increase the risk of HCC.2-4
Except in cases of primary nonresponse or virological breakthrough due to resistance, cases of detectable
serum HBV DNA after NA therapy can be divided into
two categories. The first category represents cases in which
the level of HBV DNA continuously decreases but is still
detectable; the viral load is low and there is no complete
virological response (partial virological response, PVR).
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The other category includes cases in which the level of
HBV DNA continuously decreases to undetectable level
(complete virological response, CVR), but thereafter low
level of intermittent or persistent viremia are observed.
The former condition is usually due to a high viral load at
baseline.5 The level of HBV DNA slowly decreases to undetectable level while the original medication is continued.5
In the second condition, patients show variable patterns of
viremia. In such cases, the cause of viremia when patients
have adhered to NA therapy and there is no resistance to
NAs, remains unclear. There are no comparable studies on
the outcomes of these two categories of cases with respect
to HCC development and other liver-related events. However, the second category cannot be defined easily because
the timing and patterns of serum HBV DNA reappearance
are unpredictable and variable, respectively. In addition, it
is not possible to predict the reappearance of serum HBV
DNA unless serum HBV DNA is checked until the last
minute. Therefore, the first category is easy to define and
thus the risk of HCC in such cases can be examined. However, some reports have already shown that PVR with 1
year of NA therapy does not increase the risk of HCC.6,7
PVR is also called persistent viremia, which has traditionally been defined as detectable HBV DNA after 48
weeks of NA therapy by the American Association for the
Study of Liver Diseases (AASLD) guidelines for treatment
of chronic hepatitis B (CHB).8 However, this definition was
used in an era of NA therapy with lower antiviral potency.
In the era of higher potent NAs such as entecavir (ETV),
tenofovir disoproxil fumarate (TDF), and tenofovir alafenamide fumarate, persistent viremia is defined as failure to
achieve an undetectable HBV DNA level after 96 weeks of
NA therapy.8
The AASLD 2018 hepatitis B guidance suggests that
persons with persistent viremia undergoing ETV or TDF
monotherapy continue monotherapy.8 However, there is
insufficient data on whether it is better to continue original
NAs or to switch/add another NA in order to prevent liverrelated events including HCC development.
The present study aimed to investigate whether PVR after 2 years of ETV therapy is associated with HCC development in patients with liver cirrhosis (LC). In addition, other
variables at 2 years after ETV commencement were also
examined for their association with HCC development.

MATERIALS AND METHODS
1. Patients
The present study used data from patients with HBVassociated cirrhosis who underwent 2 years of ETV

therapy.9 The observational time was extended in order to
identify the risk factors for HCC development. A total of
472 naïve patients with HBV-associated cirrhosis who were
treated with ETV for at least 2 years, were retrospectively
enrolled in four tertiary hospitals between March 2007
and December 2012. These patients did not have autoimmune hepatitis or viral coinfection such as hepatitis C virus, hepatitis D virus, or human immunodeficiency virus.
All patients had a hepatitis B surface antigen more than 6
months, had a serum HBV DNA level of ≥4 log10 copies/
mL, and had an alanine aminotransferase or aspartate aminotransferase (AST) level of >40 IU/mL according to the
regulations imposed by Korean National Health Insurance.
After enrollment, patients meeting any of the followings
criteria were excluded: (1) diagnosis of HCC before entry
or within 2 years after ETV commencement; (2) diagnosis of other cancer types at any time (before or after ETV
commencement); (3) noncompliance with ETV therapy
for more than 2 consecutive months within 2 years after
ETV commencement; and (4) presence of missing data.
Finally, 359 treatment-naïve patients with HBV-associated
cirrhosis were enrolled and the development of HCC was
retrospectively examined until December 2018 (Fig. 1).
The end points of follow-up were defined as the date of
final visit, death, liver transplantation, or HCC diagnosis,
whichever came first.
This study was approved by the Institutional Review
Board of Gachon University Gil Medical Center and of
each participating hospital (IRB numbers: GCIRB2013-42,
GBIRB2020-048). This study was conducted in accordance
with the Declaration of Helsinki. The informed consents
from patients were waived due to retrospective collection
of data.
2. Diagnosis of LC and HCC
LC was diagnosed by liver biopsy or clinical findings,
such as an irregular liver surface or splenomegaly on radiologic images, varices on endoscopy, and thrombocytopenia
(<150×103/μL).10 All patients underwent regular screening for the detection of HCC according to the guideline
issued by the Korean Liver Cancer Study Group. Serum
α-fetoprotein levels and abdominal ultrasonography were
performed at 4- to 6-month intervals. If a nodular lesion
was detected on ultrasonography or the α-fetoprotein
level was elevated, additional imaging studies including
dynamic computed tomography or magnetic resonance
imaging were performed. HCC was diagnosed according
to the guidelines issued by the Korean Liver Cancer Study
Group.11
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472 Treatment-naive patients with HBVassociated cirrhosis who were treated with
ETV from 2007 to 2012 (received >2 years)
Exclusion:
53 HCC developed within 2 years
12 Other cancers
18 ETV skipped more than 3 months
29 Missing data
1 Other cause
359 Treatment-naive patients with HBV-associated cirrhosis
Median follow-up of 82 months

279 Patients without
HCC development

80 Patients with HCC development
after 2 years of ETV therapy

3. Data collection at baseline and 2 years after ETV
commencement
Liver chemistries, platelet counts, international normalized ratio, hepatitis B envelop antigen (HBeAg), HBe
antibody, and serum HBV DNA levels (COBAS TaqMan
HBV Test v2.0, Roche Diagnostics, Branchburg, NJ, USA;
low detection limit: 120 copies/mL) were collected. A serum HBV DNA level of <120 copies/mL was defined as
the limit of detectability. PVR was defined as a detectable
serum HBV DNA level >120 copies/mL at 2 years after
ETV commencement. The Model for End-Stage Liver
Disease (MELD) score and proportion of Child-Pugh class
were also collected both at baseline and 2 years after ETV
commencement. The AST to platelet ratio index (APRI)
and FIB-4 index were used to quantify the degree of liver
fibrosis and were collected at both time points. These
indices were calculated using the following formulas:
APRI=[(AST/upper limit of normal)/platelet count (109/L)]
×100; FIB-4=age (years)×AST (U/L)/[platelet count (109/
L)×(alanine aminotransferase [U/L])1/2].
4. Statistical analyses
Values are presented as means±standard deviations or
numbers of patients (%). The Student t-test and paired ttest were used for continuous variables. The chi-square
test was used for categorical variables. The cumulative
incidences of HCC were computed using the KaplanMeier method. To identify risk factors of HCC, univariate and multivariate analyses were performed by the Cox
regression analysis using variables at 2 years after ETV
commencement. If any variables showed p≤0.1 in univariate analysis, they were used for multivariate analysis. The
risks are expressed as hazard ratios (HRs) and 95% confidence intervals (CIs). In addition, risk factors showing
significance were stratified according to the values using
432 www.gutnliver.org

Fig. 1. Patient flowchart.
HBV, hepatitis B virus; ETV, entecavir; HCC, hepatocellular carcinoma.

the Kaplan-Meier method and compared using the logrank test. Statistical significance was accepted for p<0.05.
The analysis was performed using SPSS version 23.0 (IBM
Corp., Armonk, NY, USA).

RESULTS
1. Patient characteristics at baseline and 2 years after
ETV commencement
The characteristics at baseline and 2 years after ETV
commencement are summarized in Table 1. The mean
age was 51±10 years, and 231 patients (64.3%) were male.
At 2 years after ETV commencement, liver chemistries,
international normalized ratio, platelet count, proportion
of Child-Pugh class, MELD score, APRI, and FIB-4 index
all showed improvement compared to baseline values. Six
patients (1.7%) developed resistance to ETV during the
study period. Switching of ETV to TDF or adding of TDF
on ETV was done in those patients. Five patients received
liver transplantation due to poor liver function and 28
patients died due to liver-related causes during the study
periods.
2. Comparison of patients’ characteristics between
CVR and PVR
HBV DNAs were detectable in 35 patients (9.7%) at 2
years after ETV commencement (PVR). The mean level of
HBV DNA in patients with PVR was 2.7±1.0 (range, 2.1 to
7.5) log10 copies/mL. They were continuously treated with
ETV, if there was no resistance. Patients with PVR had
higher male proportion, baseline HBV DNA, and positivity
of HBeAg compared to patients with CVR (Table 2). However, there were no differences in age, liver chemistries,
platelet counts, proportion of Child-Pugh class, MELD
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Table 1. Characteristics at Baseline and 2 Years after ETV Commencement
Characteristics
Age, yr
Male sex
AST, IU/L
ALT, IU/L
Albumin, g/dL
Total bilirubin, mg/dL
INR
Platelet count, ×103/μL
HBeAg positivity
HBV DNA, log10 copies/mL
CP class
A
B
C
MELD
APRI
FIB-4 index

Baseline (n=359)

At 2 year after ETV commencement (n=359)

51±10
231 (64.3)
126±161
130±171
3.7±0.6
1.9±2.6
1.27±0.28
102±41
177 (49.3)
7.0±1.2

34±14
31±17
4.1±0.5
1.3±1.0
1.14±0.57
107±44
127 (37.7)
0.2±0.8

254 (70.8)
89 (24.8)
16 (4.4)
8.4±4.6
3.6±4.6
6.8±5.9

322 (89.7)
34 (9.5)
3 (0.8)
6.2±4.2
1.5±1.5
3.9±2.7

p-value

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

<0.001
<0.001
<0.001

Data are presented as mean±SD or number (%).
ETV, entecavir; AST, aspartate aminotransferase; ALT, alanine aminotransferase; INR, international normalized ratio; HBeAg, hepatitis B e antigen; HBV, hepatitis B virus; CP, Child-Pugh; MELD, Model for End-Stage Liver Disease; APRI, aspartate transaminase to platelet ratio index.

Table 2. Comparison of Patients’ Characteristics between CVR and PVR at 2 Years after ETV Commencement
Characteristics
Age, yr
Male sex
AST, IU/L
ALT, IU/L
Total bilirubin, mg/dL
Albumin, g/dL
INR
Platelet count, ×103/μL
HBV DNA, log10 copies/mL
Basal HBV DNA
HBeAg positivity
CP class
A
B
C
MELD score
APRI
FIB-4 index

CVR (n=324)
53±9
203 (62.7)
33±13
30±16
1.3±1.0
4.1±0.5
1.1±0.6
107±45
Undetectable
6.9±1.2
107/305 (35.1)
294 (90.7)
27 (8.3)
3 (1.0)
6.3±4.3
1.5±1.5
3.8±2.7

PVR (n=35)
54±11
28 (80.0)
40±21
35±20
1.3±0.7
3.9±0.6
1.1±0.2
104±40
2.7±1.0
7.6±1.2
20/34 (58.9)
28 (80.0)
7 (20.0)
0
5.6±3.5
1.6±1.1
4.5±3.1

p-value
0.424
0.042
0.051
0.161
0.687
0.024
0.904
0.731
0.001
0.002
0.072

0.412
0.563
0.129

Data are presented as mean±SD or number (%).
CVR, complete virological response; PVR, partial virological response; ETV, entecavir; AST, aspartate aminotransferase; ALT, alanine aminotransferase; INR, international normalized ratio; HBV, hepatitis B virus; HBeAg, hepatitis B e antigen; CP, Child-Pugh; MELD, Model for End-Stage
Liver Disease; APRI, aspartate transaminase to platelet ratio index.

score, APRI, and FIB-4 index between the two groups. In
25 patients with PVR, HBV DNA levels (baseline: 7.7 [5.1
to 9.0] log10 copies/mL and at PVR: 2.4 [2.1 to 4.7] log10
copies/mL) continuously decreased until they reached undetectable levels during 0.5 to 3 years. Seven patients with
PVR showed persistently detectable HBV DNA at low levels (baseline HBV DNA: 5.0 [2.5 to 5] log10 copies/mL and
HBV DNA at PVR: 2.4 [2.2 to 2.9] log10 copies/mL) during

3.2 to 10.7 years of follow-up. The levels of HBV DNA in
three patients with PVR (baseline HBV DNA: 8.0 [4.3 to
10.1] log10 copies/mL and HBV DNA at PVR: 2.8 [2.7 to
7.5] log10 copies/mL) showed virological breakthrough
with resistance at 2, 3, 4 years after ETV commencement,
respectively.
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3. Cumulative incidence of HCC
Of the 359 patients with HBV-associated cirrhosis, 80
(22.3%) developed HCC after 2 years of ETV therapy during median 82 months (range, 24 to 133 months) of followup periods. The cumulative incidence of HCC is shown in
Fig. 2. According to the modified union of international
cancer control classification, 94% of HCC patients had
stage I or II diseases.

Cumulative incidence of HCC

1.0
0.8
0.6
0.4

5 yr
15.9%

3 yr
4.7%

0.2

9 yr
32.9%

7 yr
21.8%

0
0

12

24

36

48

60

72

84

96 108 120

Duration of ETV treatment (mo)
No. at risk 359 323 311 299 287 275 263 251 239

Fig. 2. Cumulative incidence of hepatocellular carcinoma (HCC) in 359
patients with hepatitis B virus-associated cirrhosis.
ETV, entecavir.

4. Comparison of characteristics at 2 years after ETV
commencement between cirrhotic patients without
HCC (LC group) and those with HCC (HCC group)
The HCC group (n=80) had older age, higher proportion of male, higher AST level, lower albumin level, lower
platelet count, higher frequency of PVR, and higher FIB-4
index than those in the LC group (n=279) (Table 3). However, the HBeAg positivity, proportion of Child-Pugh class,
MELD score, and APRI were not different between the two
groups.
5. Risk factors of HCC by Cox regression
analysis based on the data at 2 years after ETV
commencement
Univariate analysis identified the following as significant risk factors of HCC: older age, higher AST level, lower
albumin level, lower platelet count, presence of PVR, and
higher FIB-4 index. However, gender, HBeAg positivity,
Child-Pugh class, MELD score, and APRI were not associated with HCC development. Multivariate analysis revealed
the following as significant risk factors of HCC: older age
(HR, 1.046; 95% CI, 1.022 to 1.072; p<0.001), presence of
PVR (HR, 2.358; 95% CI, 1.310 to 4.245; p=0.004), and
higher FIB-4 index (HR, 1.103; 95% CI, 1.035 to 1.177;
p=0.003) (Table 4).
In patients with PVR, the incidence of HCC development in patients who finally reached undetectable DNA
levels, patients with persistent low-level viremia, and patients who showed viral breakthrough were 40.0% (10/25),

Table 3. Comparison of Characteristics at 2 Years after ETV Commencement between LC Patients with and without HCC Development
Characteristics
Age, yr
Male sex
AST, IU/L
ALT, IU/L
Albumin, g/dL
Total bilirubin, mg/dL
INR
Platelet count, ×103/μL
HBeAg positivity
Partial virological response
CP class
A
B
C
MELD
APRI
FIB-4 index

Non-HCC (n=279)

HCC (n=80)

52±9
176 (63.1)
33±14
31±18
4.1±0.5
1.2±0.7
1.14±0.64
110±44
98 (37.0)
21 (7.5)

57±8
55 (68.8)
40±13
31±13
4.0±0.5
1.4±1.5
1.14±0.22
96±42
29 (40.3)
14 (17.5)

251 (90.0)
26 (9.3)
2 (0.7)
6.3±4.5
1.5±1.6
3.5±2.3

71 (88.8)
8 (10.0)
1 (1.2)
6.0±3.2
1.5±1.1
5.1±3.6

p-value
<0.001
0.031
0.019
0.929
0.011
0.333
0.994
0.018
0.681
0.023
0.882

0.612
0.954
<0.001

Data are presented as mean±SD or number (%).
ETV, entecavir; LC, liver cirrhosis; HCC, hepatocellular carcinoma; AST, aspartate aminotransferase; ALT, alanine aminotransferase; INR, international normalized ratio; HBeAg, hepatitis B e antigen; CP, Child-Pugh; MELD, Model for End-Stage Liver Disease; APRI, aspartate transaminase to
platelet ratio index.
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Table 4. Univariate and Multivariate Analysis for the Risk Factors of HCC Based on Variables at 2 Years after ETV Commencement
Univariate analysis

Variable

HR (95% CI)

Age, yr
Male sex
AST, IU/L
ALT, IU/L
Albumin, g/dL
Total bilirubin, mg/dL
Platelet counts, ×103/μL
Partial virological response
CP class
A
B
C
MELD
APRI
FIB-4 index
FIB-4 ≥3.25

Multivariate analysis
p-value

1.056 (1.031–1.082)
1.325 (0.825–2.127)
1.018 (1.005–1.030)
1.001 (0.988–1.014)
0.463 (0.301–0.713)
1.109 (0.940–1.309)
0.993 (0.987–0.998)
2.536 (1.423–4.520)

<0.001
0.197
0.005
0.899
<0.001
0.220
0.010
0.002

Reference
1.422 (0.683–2.960)
1.684 (0.233–12.145)
0.992 (0.938–1.050)
1.160 (0.990–1.358)
1.141 (1.080–1.206)
2.868 (1.804–4.558)

0.347
0.605
0.791
0.066
<0.001
<0.001

HR (95% CI)

p-value

1.046 (1.022–1.072)

<0.001

1.006 (0.989–1.023)

0.507

1.016 (0.556–1.856)

0.978

0.997 (0.990–1.005)
2.358 (1.310–4.245)

0.535
0.004

0.958 (0.751–1.223)
1.103 (1.035–1.177)
2.243 (1.391–3.616)

0.732
0.003
0.001

HCC, hepatocellular carcinoma; ETV, entecavir; HR, hazard ratio; CI, confidence interval; AST, aspartate aminotransferase; ALT, alanine aminotransferase; CP, Child-Pugh; MELD, Model for End-Stage Liver Disease; APRI, aspartate transaminase to platelet ratio index.

B

1.0
0.8
0.6

PVR

p=0.001

0.4

CVR

0.2
0

Cumulative incidence of HCC

Cumulative incidence of HCC

A

1.0
0.8
0.6

FIB-4 >3.25

p<0.001

0.4

FIB-4 <3.25

0.2
0

0

12

24

36

48

60

72

84

96 108 120

Duration of ETV treatment (mo)
No. at risk
5 3
PVR 35 30 19 17 16 11
CVR 324 282 250 227 210 162 100 52

0

12

24

36

48

60

72

84

96 108 120

Duration of ETV treatment (mo)
2
11

No. at risk
FIB-4 >3.25 154 118 107 94 86 66 30
FIB-4 <3.25 200 177 154 144 135 103 74

15
38

2
11

Fig. 3. Cumulative incidence of hepatocellular carcinoma (HCC) according to PVR (A) or FIB-4 ≥3.25 (B).
ETV, entecavir; PVR, partial virological response; CVR, complete virological response.

42.9% (3/7), and 33.3% (1/3), respectively. There was no
statistical difference in HCC development among the three
groups.
6. Cumulative incidence of HCC according to PVR or
FIB-4 index (cutoff=3.25)
Fig. 3A shows the cumulative incidence of HCC according to the presence of PVR after 2 years of ETV therapy.
The cumulative incidence of HCC in patients with PVR
was 9.0% at 3 years, 39.5% at 5 years, 43.1% at 7 years, and
50.2% at 9 years. The cumulative incidence of HCC in pa-

tients with CVR after 2 years of ETV therapy was 4.3% at
3 years, 13.0% at 5 years, 18.5% at 7 years, and 29.7% at 9
years. The cumulative incidence of HCC was higher in patients with PVR than in those with CVR (p=0.001). Fig. 3B
shows the cumulative incidence of HCC according to FIB4 index (cutoff=3.25) after 2 years of ETV therapy. The
cumulative incidence of HCC in patients with FIB-4 index
≥3.25 was 7% at 3 years, 25.2% at 5 years, 32.2% at 7 years,
and 48.6% at 9 years. The cumulative incidence of HCC
in patients with FIB-4 index <3.25 was 3.2% at 3 years,
8.6% at 5 years, 11.9% at 7 years, and 19.6% at 9 years. The
https://doi.org/10.5009/gnl20074 435
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cumulative incidences of HCC was higher in patients with
FIB-4 index ≥3.25 than in those with FIB-4 index <3.25
(p<0.001).
7. Cumulative incidence of HCC according to the
combination of the two risk factors (PVR and FIB-4
index)
Fig. 4 shows the cumulative incidence of HCC according to the following: group A, CVR and FIB-4 index <3.25;
group B, CVR and FIB-4 index ≥3.25; group C, PVR and
FIB-4 index <3.25; and group D, PVR and FIB-4 index
≥3.25. The cumulative incidence of HCC in group A was
2.9% at 3 years, 6.2% at 5 years, 9.1% at 7 years, and 16.4%
at 9 years. The cumulative incidence of HCC in group
A (CVR and FIB-4 index <3.25) was lower than that in
groups B, C, and D (all p<0.001).

DISCUSSION
We previously showed that ETV therapy can improve
liver function, suppress HBV replication, and decrease the
noninvasive fibrosis index after 2-year therapy.9 At 2 years
after ETV commencement, most of the patients showed
CVR except 35 patients.
In the present study, PVR was defined as a detectable
HBV DNA level at 2 years after ETV commencement.
Persistent viremia, PVR, and suboptimal response are all
synonymous terms used by AASLD, European Association
for the Study of the Liver, and Asian Pacific Association
for the Study of Liver, respectively. They are terms used to
indicate incomplete virological response, which is defined

Cumulative incidence of HCC

1.0

A: CVR and FIB-4 index <3.25
B: CVR and FIB-4 index >3.25
C: PVR and FIB-4 index <3.25
D: PVR and FIB-4 index >3.25

0.8
0.6

D

0.4

*

C
B

*
*

A

0.2
0
0

25

50

75

100

125

Duration of ETV treatment (mo)

Fig. 4. Cumulative incidence of hepatocellular carcinoma (HCC) according to the combination of the two risk factors (PVR and FIB-4
index ≥3.25).
ETV, entecavir; PVR, partial virological response; CVR, complete virological response. *p<0.001.
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as a decrease in HBV DNA level of more than 1 log10 IU/
mL but a detectable HBV DNA at a certain time point after
NA therapy.5,8,12 The definition of this time point differs
among the different guidelines: it is 96 weeks in AASLD,
12 months in the European Association for the Study of
the Liver, and 6 months in Asian Pacific Association for the
Study of Liver guidelines.5,8,12 Thus, although the eventual
meaning of an incomplete virological response is nearly
the same among the different guidelines, the time point
of reference used for its definition varies. However, in the
current era of highly effective NAs, the AASLD guideline
seems to be the most reasonable one for defining incomplete virological response.5,8,12
The clinical significance of a PVR with respect to the
outcome of CHB is not clear. Therefore, there is no consensus on whether it is advisable to continue the original
NAs or to switch/add other NAs when a PVR is observed.
Several guideline committees have provided different recommendations. The European Association for the Study of
the Liver guideline provided a detailed guideline indicating
that the HBV DNA levels at 12 months and declining pattern of HBV DNA after therapy must be considered simultaneously. If HBV DNA levels continue to decline, original
NAs may be used continuously. However, if HBV DNA
levels show plateau, NAs could be switched or other NAs
could be added.5 In the present study, most patients with a
PVR showed a slow but continuous reduction in the levels
of serum HBV DNA over time without changing or adding
NAs. Therefore, considering only the virological response,
continuing the original NAs appears reasonable. However,
when the risk for HCC development is considered, continuing the original NAs may not be reasonable owing to
the higher incidence of HCC in patients with a PVR than
in those with CVR.
Several reports show that the suppression of HBV replication with NAs reduces the risk of HCC.11,13,14 However,
some patients showed PVR or intermittent viremia on NA
therapy. The levels of viremia in such cases were usually
low (<2,000 IU/mL), if they were not caused by a primary
nonresponse or presence of resistance. The effect of such
low viremia on HCC development is still under debate.
We have previously reported that PVR with 1 year of ETV
therapy did not significantly increase the risk of HCC
when compared to CVR.7 Wong et al. 6 also reported that
PVR with 1 year of NA (several kinds of NAs) therapy did
not significantly increase the risk of HCC, although they
did not carry out a detailed analysis of HCC development.
However, the present study shows that PVR after 2 years
of ETV therapy increases the risk of HCC. Based on these
results, it appears that the time point of PVR influences the
results of studies on HCC development.
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Kim et al. 2 reported that the PVR or intermittent low
level of viremia after ETV therapy increases the risk of
HCC in patients with LC when compared to CVR. However, they did not define the time point of PVR and did not
distinguish between persistent and intermittent viremia. In
fact, the nature of persistent viremia may be different from
that of intermittent viremia. Persistent viremia may be due
to innate viral and host factors, whereas most cases of intermittent viremia may be related to therapy compliance.
In addition, it is not possible to predict whether an individual has persistent or intermittent viremia until viremia
is examined continuously. However, the present study used
a clear time point to define PVR and thus assessed the risk
of HCC after 2 years of ETV therapy.
It is unclear why PVR increases the risk of HCC. In the
present study, the pattern of HCC development demonstrated that patients with PVR show a sharp increase in
the incidence of HCC within 2 to 3 years after the 2 years
of ETV therapy, and this is followed by a slow increase in
the incidence over time. In contrast, patients with CVR
showed a slow increase in the incidence of HCC. The different patterns of HCC development suggest that incomplete inhibition of HBV DNA replication may significantly
influence HCC development until serum HBV DNA is
cleared. As a matter of fact, most patients with PVR were
cleared of the serum HBV DNA during 0.5 to 3 years.
Therefore, to decrease the risk of HCC as early as possible,
HBV DNA should be completely suppressed.
In the present study, the FIB-4 index was found to be
a strong risk factor for HCC development in the univariate and multivariate analyses. An FIB-4 index ≥3.25 at 2
years after ETV commencement was significantly associated with a higher risk of HCC. Although all patients had
LC, higher MELD or higher Child-Pugh class were not
risk factors for HCC development. These results suggest
that FIB-4 index is an independent risk factor for HCC
development in patients with HBV-associated LC on ETV
therapy.
A high FIB-4 index was a predictive factor for HCC
development not only in patients not undergoing NA therapy15-17 but also in those undergoing NA therapy.18,19 Most
FIB-4 studies in patients with CHB have been performed
in a pretreatment rather than in a posttreatment state.20
However, Tada et al. 19 reported that a higher FIB-4 index at
24 weeks after NA commencement is a risk factor for HCC
development. Similarly, the present study also demonstrated that higher FIB-4 index at 2 years after ETV commencement is associated with HCC development. Because
FIB-4 index includes liver transaminases that are involved
in liver inflammation, the initial FIB-4 index may not reflect the exact fibrosis stage due to the presence of active

inflammation at enrollment. In the present study, higher
baseline FIB-4 index was not associated with the risk of
HCC (data not shown). Therefore, the FIB-4 index after
transaminase stabilization by NAs may be more suitable
to evaluate fibrosis stage and the risk of HCC. Although
we did not analyze FIB-4 indices at other times after ETV
commencement for the risk of HCC, higher FIB-4 index
is likely a consistent risk factor of HCC, independent of
the time point of measurement. Because the FIB-4 index
is a noninvasive marker of fibrosis, the higher FIB-4 index
indicates a more advanced stage of liver fibrosis, which itself is a strong risk factor of HCC. In addition, the formula
of FIB-4 index includes age, which is a major risk factor
of HCC.18 Taken together, this indicates that the FIB-4 index may be the strongest risk factor of HCC rather than a
simple fibrosis marker.
APRI has also been shown to be a valuable fibrosis
marker in patients with CHB.20,21 However, it remains unclear whether it is a useful predictor for HCC development
in patients with CHB.16,18 APRI might be less powerful for
predicting the risk of HCC than the FIB-4 index, because
its formula does not include age. In the present study,
APRI had borderline significance for predicting the risk of
HCC in the univariate analysis and was not a significant
risk factor in the multivariate analysis.
The present study had several limitations. First, it was
a retrospective study based on previously published data.
Therefore, several factors influencing the risk of HCC and
medication compliance after 2 years of ETV therapy were
not examined. Second, the majority of cirrhotic cases were
diagnosed by clinical findings. Although the FIB-4 index
and APRI are not perfect diagnostic indicators of LC, most
patients had an FIB-4 index >3.25 or APRI >2.0, which
provide good sensitivity and specificity for diagnosing
advanced fibrosis or cirrhosis. Third, the detectability of
serum HBV DNA throughout the study period (intermittent viremia) in patients with CVR was not analyzed. Further studies are needed to compare the effect of PVR and
intermittent viremia after CVR on HCC development during ETV therapy. Forth, the present study did not switch
to or add other NAs in cases of PVR after 2 years of ETV
therapy. Several studies already demonstrated that TDFbased alternative therapies were effective in patients with
PVR.22,23 However, a prospective study is needed to investigate whether the incidence of HCC decreases when treatment is switched to other NAs or other NAs are added in
cases of PVR. Fifth, the present study used only ETV as a
first choice for treatment of naïve patients. Other NAs may
have different result. Choi et al. 24 reported that there was
difference in the HCC risk between patients using TDF
and ETV in spite of similar efficacy. Therefore, the result of
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present study applies only to the patients using ETV.
In conclusion, PVR and higher FIB-4 index after 2 years
of ETV therapy were significant independent risk factors
of HCC. If there is a CVR and the FIB-4 index is less than
3.25, the risk of HCC is lowest. Although there were several studies that each PVR and high FIB-4 index were associated with HCC risk,2,19,25 the present study simultaneously
analyzed the two factors as a risk of HCC. Therefore, PVR
and FIB-4 index must be taken account for the estimation
of HCC risk in cases of antiviral therapy.
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