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Abstract: Hepatic events can occur after discontinuing antiviral therapy. We investigated factors
associated with hepatitis flares and hepatic decompensation after discontinuing tenofovir disoproxil
fumarate (TDF) and entecavir (ETV). Hepatitis flares within 6 months and hepatic decompensation
were compared between non-cirrhotic hepatitis B e antigen-negative patients after discontinuing
TDF or ETV by using the Cox proportional hazard model. The cumulative rates of hepatitis flare at
6 months after discontinuing ETV and TDF were 2% and 19%, respectively (p < 0.001). The respective
rates of hepatic decompensation at 6 months were 0% and 7% (p = 0.009). Higher alanine aminotrans-
ferase (ALT) (AASLD criteria) at the end of treatment (EOT) (HR = 4.93; p = 0.001), an off-therapy
dynamic change in HBV DNA (rapid rebound of HBV DNA from the nadir, >1 logjy IU/mL per
month) (HR = 10.7; p < 0.001), and the discontinuation of TDF (HR = 6.44; p = 0.006) were inde-
pendently associated with hepatitis flares within 6 months. Older age (HR = 1.06; p < 0.001) and
an off-therapy dynamic change in HBV DNA (HR = 3.26; p = 0.028) were independently associated
with hepatic decompensation after the discontinuation of antiviral therapy. In summary, we demon-
strated several factors associated with hepatitis flares and hepatic decompensation after discontinuing
antiviral therapy in non-cirrhotic hepatitis B e antigen-negative patients.

Keywords: chronic hepatitis B; hepatitis flares; hepatic decompensation

1. Introduction

Chronic hepatitis B (CHB) infection can cause hepatic decompensation, cirrhosis, and
hepatocellular carcinoma (HCC), which caused 820,000 deaths in 2019 [1-3]. Hepatitis
B surface antigen (HBsAg) seroclearance, called functional cure, is the most important
treatment end point and can reduce the risk of HCC [4]. However, the cumulative rate of
HBsAg loss is low, and Chevaliez S et al. [5] reported that an estimated 52.2 years is needed
to achieve HBsAg seroclearance under long-term antiviral therapy. Therefore, infinite
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therapy is needed to eradicate hepatitis B virus for the majority of CHB patients treated
with antiviral drugs.

There are several concerns with respect to long-term antiviral therapy, including finan-
cial burden, drug compliance, and patients” willingness. Recent studies in Asian countries
found higher HBsAg loss rates in CHB patients after the withdrawal of antiviral therapy
compared to those who continued [6]. Asian and European liver associations have provided
guidance on stopping antiviral therapy for non-cirrhotic hepatitis B e antigen (HBeAg)-
negative patients after receiving an 18-month duration of treatment consolidation [7,8].
However, previous studies demonstrated that the 12-month virological relapse rate and
biochemical relapse rate were up to 76% and 42% in patients who discontinued tenofovir
disoproxil fumarate (TDF), and 69% and 29% in patients who discontinued entecavir (ETV),
respectively [9]. Hirode G et al. [10] reported that the 12-month cumulative rate of hepatic
decompensation in HBeAg-negative patients after treatment withdrawal was 1%.

Hence, the best strategy for off-therapy surveillance should be established to avoid
further liver deterioration. This study aimed to investigate the impact of an off-therapy
dynamic change in HBV DNA levels in non-cirrhotic HBeAg-negative patients and to
determine whether other factors at end of treatment (EOT) could help to predict sequential
hepatitis flares or hepatic decompensation after the discontinuation of antiviral therapy.

2. Materials and Methods
2.1. Patients

This was a retrospective cohort study conducted at Taichung Veteran General Hospital.
Non-cirrhotic HBeAg-negative patients who discontinued ETV or TDF after achieving HBV
DNA undetectability on 3 occasions, each at least 6 months apart, were enrolled consecu-
tively between July 2010 and May 2022. Patients were excluded if there was evidence of
any of the following: (1) age younger than 18 years old, (2) treatment concomitant with
chemotherapy or immunosuppressant agents during the previous antiviral therapy or after
the discontinuation of antiviral therapy, (3) current coinfection with the hepatitis C virus or
human immunodeficiency virus, and (4) history of HCC or other malignancy. The diag-
nosis of cirrhosis was based on the characteristic findings on abdominal ultrasonography
including the appearance of a nodular surface and splenomegaly.

The study was approved by the Institutional Review Board of our institution (Taichung
Veterans General Hospital IRB: CE-18232A). Informed consent was not required as this was
a retrospective study.

2.2. Assessment and Follow-Up Evaluation

The baseline data were defined as the date of EOT. Patients were assessed using
laboratory tests that included a liver biochemical test and serum HBV DNA at EOT and
every 3—-6 months after the discontinuation of antiviral therapy. If serum alanine amino-
transferase (ALT) elevation was detected, additional serum HBV DNA would be measured.
The definition of ALT normalization was a value within the upper limit of normal range
(ULN) and was set at 50 U/L for men and 35 U/L for women as the commonly used
reference intervals in this study. Another cut-off ALT value recommended by the Ameri-
can Association for the Study of Liver Diseases (AASLD) was set at 35 U/L for men and
25 U/L for women [11]. The aspartate aminotransferase to platelet ratio index (APRI) and
Fibrosis-4 (FIB-4) score were calculated at EOT according to the following equations: (AST
[U/L] x 100)/(ULNast X platelet count [10%/L]) and Age (years) x AST (U/L)/platelet
count (x10% /L) x /ALT (U/L), respectively. The consolidation period was defined as the
duration of therapy between patients’ first instance of HBV DNA being undetectable and
patients discontinuing antiviral therapy. Patients after discontinuing antiviral therapy were
followed in the same medical center and censored at the occurrence of the first episode of
hepatitis flares (in the primary analysis) and hepatic decompensation (in the secondary
analysis), loss to follow-up, or when they received antiviral therapy (whichever came first).
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2.3. Definition of Off-Therapy Response

The primary end point was the occurrence of hepatitis flares within 6 months after dis-
continuing TDF or ETV. A hepatitis flare was defined as ALT elevation to a level higher than
5 times the ULN with virological relapse (defined as HBV DNA > 2000 IU/mL) [8,12]. The
secondary end point was the occurrence of hepatic decompensation with virological relapse
after discontinuing TDF or ETV. Hepatic decompensation was defined as the presentation of
several symptoms: jaundice with a total serum bilirubin level >2 mg/dL, the prolongation
of prothrombin time (PT) >3 s, and/or the development of ascites/encephalopathy [13].

2.4. Laboratory Methods

HBV DNA was determined by a real-time PCR assay with Roche CobasTagMan HBV
Test (Roche Diagnostics, Branchburg, NJ, USA). HBsAg and HBeAg were determined by
an electrochemiluminescence immunoassay (Roche Diagnostics, Mannheim, Germany).
The serum quantitative HBsAg level (JHBsAg) was determined by a Roche Elecsys HBsAg
II quant assay, which has a range of 0.05 IU/mL to 52,000 IU/mL (Abbott Diagnostics,
Sligo, Ireland).

2.5. Statistical Analysis

Statistical tests were performed using SPSS Statistics for Windows, version 22.0 (IBM
Corp., Armonk, NY, USA). Categorical variables were presented as the number of cases
(percentage) and compared by the Chi-squared test. Continuous variables were expressed
as the median =+ interquartile range (IQR) and compared by the Mann-Whitney U test. The
cumulative rates of hepatitis flare and hepatic decompensation after discontinuing TDF and
ETV were calculated using the Kaplan-Meier method and compared with the log-rank test
between patients after discontinuing TDF and ETV. The Cox proportional hazard model
was used to analyze factors associated with hepatitis flares within 6 months and hepatic
decompensation. Significant factors (p < 0.05) in the univariate analysis were subjected to
multivariate analysis to determine independent predictive factors. Subgroup analysis was
conducted to explore the associations of a treatment cessation regimen with the occurrence
of hepatitis flares within 6 months and hepatic decompensation after discontinuing TDF
or ETV.

3. Results
3.1. Patients” Characteristics at EOT and Follow-Up

A total of 369 non-cirrhotic HBeAg-negative CHB patients who discontinued TDF and
ETV were included in this study. At EOT, the clinical characteristics and demographics
of these patients were not significantly different, with the exception of age. Patients who
discontinued TDF were younger than those discontinuing ETV (50.60 vs. 54.43 years,
p = 0.037). Patients who discontinued TDF and ETV had a similar duration of antiviral
therapy and consolidation (Table 1). The median follow-up duration was 22.99 (IQR
12.07-49.52) months after EOT.

Table 1. Baseline characteristics of study population at end of treatment.

Total (n = 369) TDF (n = 106) ETV (n = 263) p Value
Age, years 53.77 (45.14-63.32) 50.60 (41.31-61.42) 54.43 (46.58-64.42) 0.037
Male sex, n (%) 249 (67.30%) 71 (66.98%) 178 (67.68%) 0.897
BMI 24.74 (21.89-26.89) 24.77 (20.63-27.74) 24.72 (22.17-26.72) 0.871
AFP, ng/mL 3.03 (2.295-4.5225) 3.03 (2.34-4.55) 3.02 (2.25-4.5) 0.574
PLT, 103/uL 203 (156.5-238.5) 205.5 (181-257) 197 (153-227) 0.060
ALT,U/L 25 (18-38) 27 (19.5-41.75) 25 (17-35) 0.071
APRI * 0.31 (0.22-0.43) 0.31 (0.23-0.44) 0.3 (0.22-0.41) 0.805
FIB-4 ** 1.32 (0.94-2.05) 1.14 (0.85-1.99) 1.36 (0.98-2.08) 0.121
PT, s 10.3 (10.1-10.7) 10.5 (10.25-10.7) 10.2 (10-10.7) 0.168
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Table 1. Cont.

Total (n = 369) TDF (n = 106) ETV (n = 263) p Value
INR 1.01 (0.9875-1.05) 1.01 (1.01-1.06) 1.01 (0.98-1.05) 0.474
Cr, mg/dL 0.93 (0.77-1.09) 0.93 (0.83-1.08) 0.92 (0.76-1.09) 0.532
eGFR, mL/min/1.73 m? 84.63 (72-97.295) 85 (72-98) 84 (71.5-97) 0.753
Consolidation duration, months 30.65 (28-33) 30.67 (29.26-33.36) 30.65 (27.73-33.02) 0.599
Therapy duration, months 36 (36-37) 36.01 (35.98-38.03) 36.01 (36.01-37.13) 0.658
HBsAg, logyo TU/mL 2.4 (1.8-2.9) 2.56 (1.84-3) 2.36 (1.76-2.83) 0.097

Abbreviation: TDF, tenofovir disoproxil fumarate; ETV, entecavir; BMI, Body Mass Index; AFP, Alpha-fetoprotein;
PLT, platelet; ALT, alanine aminotransferase; APRI, aspartate aminotransferase to platelet ratio index; FIB-4,
Fibrosis (FIB)-4; PT, prothrombin time; INR, international normalized ratio; Cr, creatinine; eGFR, estimated
glomerular filtration rate. * APRI = (AST [U/L] x 100)/(ULN st X platelet count [10° /L]) ** FIB-4 = Age (years)
x AST (U/L)/platelet count (x10? /L) x /ALT (U/L). Mann-Whitney test. Chi-Square test. Continued variables
were presented as median + interquartile range (IQR); categorical variables are indicated as numbers of cases
and percentages.

3.2. Factors Associated with Hepatitis Flares within 6 Months

Overall, hepatitis flares within 6 months were observed in 24 patients, 20 and 4 of
whom had discontinued TDF and ETV, respectively. Figure 1 shows the cumulative rates of
hepatitis flare at 6 months in patients after the discontinuation of ETV and TDF were 2% and
19%, respectively. The respective rates at 1 year were 10% and 30% (p < 0.001). Multivariate
Cox regression showed that an ALT that was higher than the AASLD criteria threshold
at EOT (hazard ratio (HR) = 4.93; 95%Cl, 1.84-13.18; p = 0.001), an off-therapy dynamic
change in HBV DNA (HR = 10.7; 95%ClI, 3.3-34.68; p < 0.001), and the discontinuation of
TDF (HR = 6.44; 95%Cl, 1.7-24.01; p = 0.006) were independent predictors for hepatitis
flares within 6 months after the discontinuation of antiviral therapy (Table 2).
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Figure 1. Cumulative rates of hepatitis flare by antiviral therapy. ETV, entecavir. TDF, tenofovir
disoproxil fumarate. * < 0.05.
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Table 2. Factor with hepatitis flares within 6 months in patients after discontinuing TDF or ETV.

Univariate Model Multivariate Model
HR (95%CI) p Value HR (95%CI) p Value
Age, years 1.00 (0.97-1.03) 0.930 1.02 (0.98-1.06) 0.269
Male, sex 1.18 (0.49-2.84) 0.715 1.44 (0.49-4.23) 0.503
BMI 0.99 (0.85-1.16) 0.905
AFP, ng/mL 1.04 (0.94-1.16) 0.431
PLT, 103/uL 1.00 (0.93-1.01) 0.685
ALT,U/L 1.01 (1.00-1.02) 0.170
ALT < ULN* Reference Reference
ALT > ULN * 2.48 (1.05-5.85) 0.038
ALT < ULN (AASLD criteria) ** Reference Reference
ALT > ULN (AASLD criteria) ** 5.58 (2.20-14.15) <0.001 493 (1.84-13.18) 0.001
APRI *** 1.53 (0.37-6.40) 0.560
FIB-4 **** 1.14 (0.79-1.66) 0.477
PT, s 0.08 (0.00-1.30) 0.075
Cr, mg/dL 0.97 (0.51-1.83) 0.913
eGFR, mL/min/1.73 m? 1.01 (0.98-1.03) 0.520
HBVI%?QLC};?%E; tlhl‘)glo 29.95 (10.21-87.84) <0.001 10.70 (3.30-34.68) <0.001
Consolidation duration, months 0.98 (0.95-1.02) 0.429
Therapy duration, months 1.01 (0.99-1.03) 0.231
HBsAg, log1p IU/mL 1.28 (0.76-2.15) 0.347
TDF vs. ETV 13.88 (4.74-40.61) <0.001 6.44 (1.70-24.01) 0.006

Abbreviation: BMI, Body Mass Index; AFP, Alpha-fetoprotein; PLT, platelet; ALT, alanine aminotransferase; APRI,
aspartate aminotransferase to platelet ratio index; FIB-4, Fibrosis (FIB)-4; PT, prothrombin time; Cr, creatinine;
eGFR, estimated glomerular filtration rate; TDF, tenofovir disoproxil fumarate; ETV, entecavir. * ALT ULN (upper
limit of normal range) was set at 50 U/L for men and 35 U/L for women. ** normal ALT according to AASLD
criteria was set at 35 U/L for men and 25 U/L for women. *** APRI = (AST [U/L] x 100)/(ULNasr x platelet
count [10° /L]). **** FIB-4 = Age (years) x AST (U/L)/platelet count (x 10°/L) x /ALT (U/L).

The hazard ratios for hepatitis flares within 6 months for patients after the discontin-
uation of TDF versus ETV across the different patient subgroups are shown in Figure 2.
The risk of hepatitis flares was significantly higher in patients after the discontinuation of
TDF than in those discontinuing ETV (HR = 13.88; 95%CI 4.74—40.61; p < 0.001). A higher
risk of hepatitis flares in patients after the discontinuation of TDF therapy was consistently
observed in various subgroups, including patients with an off-therapy HBV DNA change
less than 1 logjy IU per month, qHBsAg at EOT > 150 IU/mL, consolidation therapy less
than 60 months, previous antiviral therapy more than 36 months, and an ALT higher than
the AASLD criteria threshold, regardless of age (<65 or >65) or sex.

3.3. Factors Associated with Hepatic Decompensation

Overall, hepatic decompensation was observed in 23 patients, 11 and 12 of whom
discontinued TDF and ETYV, respectively. Figure 3 shows that the 0.5-year cumulative
rates of hepatic decompensation in patients after the discontinuation of ETV and TDF
were 0% and 7%, respectively. The respective rates at 1 year were 3% and 8% (p = 0.009).
Multivariate Cox regression showed that older age (HR = 1.06; 95%CI 1.03-1.1; p < 0.001)
and an off-therapy dynamic change in HBV DNA (HR = 3.26; 95%CI 1.14-9.33; p = 0.028)
were independent predictors for hepatic decompensation after the discontinuation of
antiviral therapy (Table 3).
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TDF vs ETV Total TOF ETV  HR(95%C)  p value i":’e :::tio"
Overall e ESE— 24 20 4 13.88(4.74—40.61) <0.001*
Age 0.376
<65 t @ 18 16 2 20.66(4.75—89.9) <0.001*
265 L 6 4 2 7.21(1.32—39.5) 0.023*
Sex 0.895
Female L 4 7 6 1 15.60(1.88—129.56) 0.011*
Male L @ 17 14 3 13.22(3.8—46.04) <0.001*
ALT (AASLD criteria) 0.906
ALT SULN 5 5 0 -
ALT>ULN e 17 14 3 10.90(3.13—37.99) <0.001*
Consolidation duration (month) 0.948
<60 i 20 16 4 11.16(3.73—33.39) <0.001*
260 2 2 0 -
Therapy duration (month) 0.922
<36 4 4 0
>36 e 20 16 4 12.55(4.19—37.55) <0.001*
HBV DNA change (log | 1U/ml, per month) 0.204
<1 L 4 4 3 1 12.62(1.31—121.37) 0.028*
>1 o— 20 17 3 2.40(0.70—8.21) 0.161
HBsAg (log, 1U / ml) 0.680
<150 L 4 3 1 5.17(0.54—49.72) 0.155
2150 L 1 10 1 9.54(1.22-—74.53) 0.032*
0 10 20 30 40 50 60

Figure 2. Subgroup analysis for hepatitis flares for patients discontinuing TDF vs. ETV. TDEF, tenofovir
disoproxil fumarate. ETV, entecavir. * < 0.05.
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ETV 263 252 209 162 138 113 104 91 79
TDF 106 89 69 49 37 30 27 23 18

Figure 3. Cumulative rates of hepatic decompensation by antiviral therapy. ETV, entecavir. TDF,
tenofovir disoproxil fumarate. * < 0.05.
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Table 3. Factor with hepatic decompensation in patient after discontinuing TDF or ETV.

Univariate Model Multivariate Model
HR (95%CI) p Value HR (95%CI) p Value

Age, years 1.05 (1.02-1.09) 0.001 1.06 (1.03-1.10) <0.001

Male sex 3.27 (0.97-10.99) 0.056 3.40 (1.00-11.52) 0.050
BMI 1.04 (0.91-1.19) 0.559
AFP, ng/mL 0.94 (0.72-1.23) 0.670
PLT, 103/uL 0.99 (0.99-1.01) 0.777
ALT,U/L 1.00 (0.99-1.02) 0.663

ALT < ULN* Reference Reference
ALT > ULN * 1.57 (0.58-4.26) 0.378
ALT < ULN(AASLD criteria) ** Reference Reference

ALT > ULN (AASLD criteria) ** 1.78 (0.77-4.12) 0.179
APRI *** 1.92 (0.49-7.52) 0.352
FIB-4 **** 1.25 (0.94-1.65) 0.122
PT, s 1.39 (0.47-4.08) 0.552
Cr, mg/dL 1.06 (0.70-1.60) 0.785
eGFR, mL/min/1.73 m? 0.98 (0.96-1.002) 0.078

HBVI%?QLC};?%E; tlhl‘)glo 5.01 (2.15-11.65) <0.001 3.26 (1.14-9.33) 0.028
Consolidation duration, months 0.99 (0.96-1.03) 0.994
Therapy duration, months 1.00 (0.97-1.03) 0.936
HBsAg, log1p IU/mL 0.82 (0.47-1.46) 0.507

TDF vs. ETV 2.86 (1.26-6.50) 0.001 2.03 (0.73-5.65) 0.176

Abbreviation: BMI, Body Mass Index; AFP, Alpha-fetoprotein; PLT, platelet; ALT, alanine aminotransferase; APRI,
aspartate aminotransferase to platelet ratio index; FIB-4, Fibrosis (FIB)-4; PT, prothrombin time; Cr, creatinine;
eGFR, estimated glomerular filtration rate; TDF, tenofovir disoproxil fumarate; ETV, entecavir. * ALT ULN (upper
limit of normal range) was set at 50 U/L for men and 35 U/L for women. ** normal ALT according to AASLD
criteria was set at 35 U/L for men and 25 U/L for women. *** APRI = (AST [U/L] x 100)/(ULNasr x platelet
count [10° /L]). **** FIB-4 = Age (years) x AST (U/L)/platelet count (x 10°/L) x /ALT (U/L).

The hazard ratios for hepatic decompensation for patients after the discontinuation
of TDF versus ETV across the different patient subgroups are shown in Figure 4. The risk
of hepatic decompensation after the discontinuation of antiviral therapy was significantly
higher in patients discontinuing TDF than in those discontinuing ETV (HR = 2.86; 95%ClI
1.26-6.5; p = 0.012). The higher risk of hepatic decompensation in patients undergoing the
discontinuation of TDF therapy was consistently observed in various subgroups, such as
in patients under 65 years of age, those who had undergone previous antiviral therapy
less than 36 months, those with an ALT lower than the AASLD criteria threshold, and
male patients.

3.4. Association between Clinical Outcome and Off-Therapy HBV DNA Change

Figure 5 summarizes clinical outcomes by HBV DNA change after the discontinuation
of antiviral therapy. Significantly higher rates of hepatitis flares within 6 months (36.2%
vs. 5.1%, p < 0.001) and hepatic decompensation (17.0% vs. 5.1%, p = 0.045) were observed
in patients who had a dynamic change in HBV DNA > 1 logjo IU/mL per month after
the discontinuation of TDF. Similar findings regarding hepatitis flares were observed in
patients who had been treated with ETV (hepatitis flares within 6 months 16.7% vs. 0.4%,
p < 0.001). Nevertheless, the rates of hepatitis decompensation were similar regardless of
the change in HBV DNA after the discontinuation of ETV (5.6% vs. 4.5%, p = 0.834).
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TDF vs ETV Total TDF ETV HR (95% ClI) p value . p for .
interaction
Overall —e—— 23 11 12 2.86(1.26-6.50)  0.012*
Age 0.994
<65 e 14 7 7 3.05(1.06—8.76)  0.038*
265 —e— 9 4 5 3.01(0.81—11.27) 0.101
Sex 0.583
Female @ 3 2 1 5.16 (0.47 —59.92) 0.181
Male —®—— 20 9 11 2.77 (1.14—6.73)  0.024*
ALT (AASLD criteria) 0.769
ALT <ULN —— 19 9 10 3.15(1.28—7.77)  0.013*
ALT>ULN He——— 4 2 2 1.94 (0.27-13.82) 0.509
Consolidation duration (month) 0.947
<60 Ho— 20 8 12 2.02(0.82—4.94) 0.125
260 2 2 0 -
Therapy duration (month) 0.163
<36 L 6 5 1 10.81(1.26—92.67) 0.030*
236 Heo— 17 6 11 1.97 (0.73—5.35) 0.183
HBV DNA change (IongU/mI, per month) 0.459
<1 H—A 14 3 11 1.28 (0.36—4.59) 0.707
>1 ° 9 8 1 3.19(0.40—25.51)  0.274
HBsAg ( IongU / ml) 0.953
<150 3 3 0 —
2150 o 3 1 2 0.50 (0.05—5.60) 0.574

/
Patient with
discontinuation
of antiviral
therapy
(n=369)
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Figure 4. Subgroup analysis for hepatic decompensation for patients discontinuing TDF vs. ETV.
TDE, tenofovir disoproxil fumarate. ETV, entecavir. * < 0.05.
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Figure 5. The associations between clinical outcomes and off-therapy HBV DNA changes. * < 0.05.

4. Discussion

In this study, we demonstrated that the discontinuation of TDF and higher levels
of ALT with a cut-off value of 35 for men and 25 for women (AASLD criteria thresh-
old) at EOT were associated with an earlier onset of hepatitis flare. The rapid rebound
of HBV DNA from the nadir (>1 logjo IU/mL per month) after the discontinuation of
antiviral therapy played an important role in the development of earlier hepatitis flares



J. Clin. Med. 2023, 12, 7565

9of 12

and hepatic decompensation in non-cirrhotic HBeAg-negative CHB patients. Older age
was another independent factor for hepatic decompensation after the discontinuation of
antiviral therapy.

ETV and TDF, both having high potency and a low resistance rate, are recommended
as the first-line antiviral therapy by Clinical Practice Guidelines [7,8,11]. Nevertheless,
the guidelines recommend finite therapy in non-cirrhotic HBeAg-negative patients after
achieving long-term durable on-therapy viral suppression [7,8]. The off-therapy response
pattern may vary according to the prior antiviral therapy. Off-therapy with TDF exhibited
the rapid rebound of HBV DNA from the nadir and had a higher rate of clinical relapse than
ETV [9,14]. The rapid rebound of HBV DNA after the discontinuation of antiviral therapy is
one predictor for earlier-onset and severe hepatitis flares [15]. In our study, the off-therapy
dynamic change in HBV DNA (>1 logjp IU/mL per month) and the discontinuation
of TDF were predictors of hepatitis flares within 6 months after the discontinuation of
antiviral therapy.

ALT is an indicator of hepatic necroinflammation that can be used to distinguish an
inactive carrier from hepatitis [7,16]. The host immune response to HBV virus leads to
liver necroinflammation and fibrosis, which contribute to the elevation of ALT [17]. CHB
patients with low ALT levels had a low probability of significant liver inflammation and
a greater decline in liver stiffness after antiviral therapy [18,19]. Our study showed that
patients with ALT lower than the threshold of AASLD criteria at EOT had a lower risk of
the early onset of hepatitis flares. This finding might be partly explained by the lower ALT
at EOT representing less HBV virus activity and lower-grade fibrosis. Thus, the time from
the discontinuation of antiviral therapy to a hepatitis flare may be longer. Further studies
are needed to explore this issue.

Hirode G et al. [10] reported that the cumulative incidence of hepatic decompensation
after the discontinuation of antiviral therapy among non-cirrhotic HBeAg-negative patients
with at least 12 months of consolidation therapy was 0.7%, 0.8%, 0.8%, 1.1%, and 1.1% at
12, 24, 36, 48, and 60 months, respectively. Hsu et al. [20] reported the 4-year cumulative
incidence of hepatic decompensation after discontinuing TDF or ETV was 1.1% (95%CI,
0.56-1.97%) in non-cirrhotic HBeAg-negative patients with undetectable HBV DNA at
EOT. In our study, the cumulative incidence of off-therapy hepatic decompensation was
2%, 4%, 5%, and 8% at 6, 12, 18, and 24 months, respectively. Such differences may be
attributed, at least in part, to the higher proportion of older age of the patients and the lower
frequency of off-therapy follow-up in our study. Hsu et al. [20] also reported age (adjusted
sub-distribution hazard ratio, 1.21 per 10 years; 95%CI of 1.03-1.42) was a significant risk
factor of severe flares with hepatic decompensation after the discontinuation of antiviral
therapy, and patients above 50 years of age without cirrhosis or portal hypertension had a
higher 4-year cumulative incidence of hepatic decompensation after discontinuing antiviral
therapy (1.8% with a 95%CI of 1.3-2.3%). In our study, an off-therapy dynamic change in
HBV DNA and older age were associated with hepatic decompensation after discontinuing
TDF or ETV. Age has been correlated with the progression of liver fibrosis, and a previous
study demonstrated that liver fibrosis increased after the age of 35 and 42 years in HBeAg-
positive and HBeAg-negative patients, respectively [21,22]. Evidence suggests that the
severity of fibrosis is associated with an increased risk for hepatic decompensation, cirrhosis,
hepatocellular carcinoma, and mortality [23,24].

There were several limitations to this study. First, this was a retrospective study
and the number of cases was relatively small. Therefore, we did not perform propen-
sity score matching to reduce confounding variables at EOT. Second, the qHBsAg level
was not available in all patients in this study. Third, hepatitis B core-related antigen
(HBcrAg) quantification, a novel serological biomarker that reflects covalently closed cir-
cular DNA transcriptional activity [25], was not available in all patients in our study.
Huang et al. [26] reported a combination of a pre-treatment qHBcrAg level with a cut-off
value of <4 logjg IU/mL and qHBsAg at EOT with a cut-off value <150 IU/mL can reduce
HBYV off-therapy relapse in HBeAg-negative non-cirrhotic patients after the discontinuation
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of ETV. Similar results were observed in those discontinuing TDF. Kuo et al. [27] reported a
combination of a pre-treatment qHBcrAg level with a cut-off value of <4.7 log;yp IU/mL
and qHBsAg at EOT with a cut-off value <100 IU/mL can reduce HBV off-therapy relapse
in HBeAg-negative non-cirrhotic patients after the discontinuation of TDF. We could not
properly elucidate the associations of the pre-treatment qHBcrAg level and qHBsAg at EOT
with the risk of off-therapy hepatitis flares within 6 months and hepatic decompensation
in our study. Forth, HBV genotype was not determined in this study, and therefore, their
effects on off-therapy hepatitis flares within 6 months and hepatic decompensation could
not be assessed. Chiu et al. [28] reported that off-therapy virological and clinical relapse
occurred more frequently in HBeAg-negative patients with HBV genotype B infection
than those with HBV genotype C infection. Fifth, the frequency of follow-up visits and
laboratory testing varied. The less frequent off-therapy monitoring of laboratory tests
and HBV DNA would delay the detection of hepatic events after the discontinuation of
antiviral therapy. Finally, liver biopsies and fibroscans were not performed for all enrolled
patients to confirm cirrhosis status prior to previous treatment and at EOT. The assessment
of cirrhosis status was based on the characteristic findings of abdominal ultrasonography,
which might not have been enough to confirm the diagnosis.

5. Conclusions

This study found that a dynamic change in HBV DNA after the discontinuation of
antiviral therapy and off-therapy ALT levels can provide a roadmap for off-therapy surveil-
lance. We could assess the risk of off-therapy HBV relapse by stratifying patients according
to off-therapy ALT level (AASLD criteria threshold) initially and then monitor HBV DNA
levels regularly, especially in patients discontinuing TDF. If the abrupt elevation of HBV
DNA was detected, the risk of hepatitis, and possibly even sequential hepatitis flares or
hepatic decompensation, would be elevated. Antiviral therapy should be discontinued cau-
tiously in older-aged patients. This study provides evidence demonstrating the importance
of individual off-therapy surveillance. More frequent monitoring is needed in subjects with
a greater risk of HBV relapse to reduce the incidence or severity of hepatic events after the
discontinuation of antiviral therapy.

Author Contributions: Conceptualization: Y.-].H. and J.-5.W.; methodology: Y.-]. H., T.-C.L. and
C.-H.C. (Cheng-Hsu Chen); formal analysis: Y.-JH. and T.-C.L.; resources: Y.-JH. C.-H.C.
(Chung-Hsin Chang), S.-C.L., Y.-C.P, S-WL. and T-Y.L,; investigation: Y.-J.H. and J.-SW.;
writing—original draft: Y.-J.H. and J.-5.W.; writing—review and editing: C.-H.C. (Cheng-Hsu Chen),
C.-H.C. (Chung-Hsin Chang), S.-C.L., Y.-C.P, S.-W.L., T-Y.L. and J.-5.W.; supervision: J.-S.W. All
authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was approved by the Institutional Review Board
of Taichung Veterans General Hospital (Number: IRB: CE-18232A; date of approval: 14 August 2018).

Informed Consent Statement: Informed consent was not required as this was a retrospective study
and all data were de-identified prior to analysis.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to privacy/ethical restrictions.

Acknowledgments: We thank the Biostatistics Task Force of Taichung Veterans General Hospital for
their assistance with the statistical analysis.

Conflicts of Interest: All authors declare that there are no conflict of interest.

1. Lavanchy, D. Hepatitis B virus epidemiology, disease burden, treatment, and current and emerging prevention and control
measures. J. Viral Hepat. 2004, 11, 97-107. [CrossRef] [PubMed]

2. Papatheodoridis, G.V.; Chan, H.L.; Hansen, B.E.; Janssen, H.L.; Lampertico, P. Risk of hepatocellular carcinoma in chronic
hepatitis B: Assessment and modification with current antiviral therapy. J. Hepatol. 2015, 62, 956-967. [CrossRef] [PubMed]


https://doi.org/10.1046/j.1365-2893.2003.00487.x
https://www.ncbi.nlm.nih.gov/pubmed/14996343
https://doi.org/10.1016/j.jhep.2015.01.002
https://www.ncbi.nlm.nih.gov/pubmed/25595883

J. Clin. Med. 2023, 12, 7565 11 0f12

10.

11.

12.

13.

14.

15.

16.
17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

World Health Organization. Hepatitis B. Available online: https://www.who.int/news-room/fact-sheets/detail /hepatitis-b
(accessed on 10 August 2023).

Yip, T.C.; Wong, G.L.; Chan, H.L,; Tse, YK.; Lam, K.L.; Lui, G.C.; Wong, V.W. HBsAg seroclearance further reduces hepatocellular
carcinoma risk after complete viral suppression with nucleos(t)ide analogues. J. Hepatol. 2019, 70, 361-370. [CrossRef] [PubMed]
Chevaliez, S.; Hézode, C.; Bahrami, S.; Grare, M.; Pawlotsky, ].M. Long-term hepatitis B surface antigen (HBsAg) kinetics during
nucleoside/nucleotide analogue therapy: Finite treatment duration unlikely. |. Hepatol. 2013, 58, 676—683. [CrossRef] [PubMed]
Chen, C.H.; Hung, C.H.; Wang, J.H.; Lu, S.N.; Lai, H.C.; Hu, TH.; Lin, C.H.; Peng, C.Y. The Incidence of Hepatitis B Surface
Antigen Loss Between Hepatitis B E Antigen-Negative Noncirrhotic Patients Who Discontinued or Continued Entecavir Therapy.
J. Infect. Dis. 2019, 219, 1624-1633. [CrossRef] [PubMed]

EASL 2017 Clinical Practice Guidelines on the management of hepatitis B virus infection. J. Hepatol. 2017, 67, 370-398. [CrossRef]
[PubMed]

Sarin, S.K.; Kumar, M.; Lau, G.K.; Abbas, Z.; Chan, H.L.; Chen, C.J.; Chen, D.S.; Chen, H.L.; Chen, PJ.; Chien, R.N.; et al.
Asian-Pacific clinical practice guidelines on the management of hepatitis B: A 2015 update. Hepatol. Int. 2016, 10, 1-98. [CrossRef]
Choi, H.S.J.; Hirode, G.; Chen, C.H.; Su, T.H.; Seto, W.K.; Van Hees, S.; Papatheodoridi, M.; Lens, S.; Wong, G.L.H.; Brakenhoff,
S.M,; et al. Differential Relapse Patterns After Discontinuation of Entecavir vs Tenofovir Disoproxil Fumarate in Chronic Hepatitis
B. Clin. Gastroenterol. Hepatol. 2023, 21, 1513-1522.e4. [CrossRef]

Hirode, G.; Hansen, B.E.; Chen, C.H.; Su, T.H.; Wong, G.; Seto, W.K.; Van Hees, S.; Papatheodoridi, M.; Brakenhoff, S.M.; Lens,
S.; et al. Incidence of Hepatic Decompensation After Nucleos(t)ide Analog Withdrawal: Results from a Large, International,
Multiethnic Cohort of Patients with Chronic Hepatitis B (RETRACT-B Study). Am. ]. Gastroenterol. 2023, 118, 1601-1608.
[CrossRef]

Terrault, N.A.; Lok, A.S.E; McMahon, B.J.; Chang, K.M.; Hwang, ].P,; Jonas, M.M.; Brown, R.S., Jr.; Bzowej, N.H.; Wong, ].B.
Update on prevention, diagnosis, and treatment of chronic hepatitis B: AASLD 2018 hepatitis B guidance. Hepatology 2018, 67,
1560-1599. [CrossRef]

Jeng, W.J.; Chen, Y.C.; Sheen, LS; Lin, C.L.; Hu, T.H.; Chien, R.N.; Liaw, Y.F. Clinical Relapse After Cessation of Tenofovir Therapy
in Hepatitis B e Antigen-Negative Patients. Clin. Gastroenterol. Hepatol. 2016, 14, 1813-1820.e1. [CrossRef] [PubMed]

Lee, K.C,; Cheng, ].S.; Chang, M.L.; Chien, R.N.; Liaw, Y.F. Comparable outcomes of decompensated chronic hepatitis B patients
treated with entecavir or tenofovir: An 8-year cohort study. Hepatol. Int. 2022, 16, 799-806. [CrossRef] [PubMed]

Liu, Y.C.; Jeng, W.J.; Peng, C.W.; Chien, R.N.; Liaw, Y.F. Off-tenofovir hepatitis flares in HBeAg-negative patients occur earlier,
more frequent and severe than those off-entecavir therapies. Liver Int. 2022, 42, 551-560. [CrossRef] [PubMed]

Liu, Y.C; Jeng, W].; Peng, C.W.; Chien, R.N.; Liaw, Y.F. The Role of Off-Therapy Viral Kinetics in the Timing and Severity of
Flares in Hepatitis B e Antigen-Negative Patients. Clin. Gastroenterol. Hepatol. 2023, 21, 1533-1541.e11. [CrossRef] [PubMed]
Dusheiko, G.; Agarwal, K.; Maini, M.K. New Approaches to Chronic Hepatitis B. N. Engl. . Med. 2023, 388, 55-69. [CrossRef]
Khanam, A.; Chua, J.V,; Kottilil, S. Inmunopathology of Chronic Hepatitis B Infection: Role of Innate and Adaptive Immune
Response in Disease Progression. Int. J. Mol. Sci. 2021, 22, 5497. [CrossRef] [PubMed]

Fung, J.; Lai, C.L.; Wong, D.K,; Seto, WK_; Hung, I.; Yuen, MLF. Significant changes in liver stiffness measurements in patients
with chronic hepatitis B: 3-year follow-up study. J. Viral Hepat. 2011, 18, e200-€205. [CrossRef]

Kumar, M.; Sarin, S.K,; Hissar, S.; Pande, C.; Sakhuja, P.; Sharma, B.C.; Chauhan, R.; Bose, S. Virologic and histologic features of
chronic hepatitis B virus-infected asymptomatic patients with persistently normal ALT. Gastroenterology 2008, 134, 1376-1384.
[CrossRef]

Hsu, Y.C; Lin, YH,; Lee, T.Y.; Nguyen, M.H.; Tseng, C.H.; Ho, H.].; Kao, EY;; Lin, J.T.; Wu, C.Y.; Wu, C.Y. Severe hepatitis B flares
with hepatic decompensation after withdrawal of nucleos(t)ide analogues: A population-based cohort study. Aliment. Pharmacol.
Ther. 2023, 58, 463-473. [CrossRef]

Wong, G.L.; Wong, VW.; Choi, P.C.; Chan, A.W.; Chim, A.M.; Yiu, KK,; Chan, H.Y.; Chan, EK,; Sung, J.J.; Chan, H.L. Clinical
factors associated with liver stiffness in hepatitis B e antigen-positive chronic hepatitis B patients. Clin. Gastroenterol. Hepatol.
2009, 7, 227-233. [CrossRef]

Tan, Y,; Ye, Y;; Zhou, X.; Chen, L.; Wen, D. Age as a predictor of significant fibrosis features in HBeAg-negative chronic hepatitis B
virus infection with persistently normal alanine aminotransferase. PLoS ONE 2015, 10, e0123452. [CrossRef] [PubMed]

Bihari, C.; Rastogi, A.; Sen, B.; Bhadoria, A.S.; Maiwall, R.; Sarin, S.K. Quantitative fibrosis estimation by image analysis predicts
development of decompensation, composite events and defines event-free survival in chronic hepatitis B patients. Hum. Pathol.
2016, 55, 63-71. [CrossRef] [PubMed]

Xu, F; Moorman, A.C.; Tong, X.; Gordon, S.C.; Rupp, L.B.; Lu, M.; Teshale, E.H.; Spradling, P.R.; Boscarino, J.A.; Trinacty, C.M.;
et al. All-Cause Mortality and Progression Risks to Hepatic Decompensation and Hepatocellular Carcinoma in Patients Infected
With Hepatitis C Virus. Clin. Infect. Dis. 2016, 62, 289-297. [CrossRef] [PubMed]

Testoni, B.; Lebossé, F.; Scholtes, C.; Berby, F.; Miaglia, C.; Subic, M.; Loglio, A.; Facchetti, F.; Lampertico, P; Levrero, M.; et al.
Serum hepatitis B core-related antigen (HBcrAg) correlates with covalently closed circular DNA transcriptional activity in chronic
hepatitis B patients. J. Hepatol. 2019, 70, 615-625. [CrossRef] [PubMed]

Huang, PY.; Wang, ].H.; Hung, C.H.; Lu, S.N.; Hu, T.H.; Chen, C.H. The role of hepatitis B virus core-related antigen in predicting
hepatitis B virus relapse after cessation of entecavir in hepatitis B e antigen-negative patients. J. Viral Hepat. 2021, 28, 1141-1149.
[CrossRef]


https://www.who.int/news-room/fact-sheets/detail/hepatitis-b
https://doi.org/10.1016/j.jhep.2018.10.014
https://www.ncbi.nlm.nih.gov/pubmed/30367899
https://doi.org/10.1016/j.jhep.2012.11.039
https://www.ncbi.nlm.nih.gov/pubmed/23219442
https://doi.org/10.1093/infdis/jiy697
https://www.ncbi.nlm.nih.gov/pubmed/30689910
https://doi.org/10.1016/j.jhep.2017.03.021
https://www.ncbi.nlm.nih.gov/pubmed/28427875
https://doi.org/10.1007/s12072-015-9675-4
https://doi.org/10.1016/j.cgh.2022.07.005
https://doi.org/10.14309/ajg.0000000000002203
https://doi.org/10.1002/hep.29800
https://doi.org/10.1016/j.cgh.2016.07.002
https://www.ncbi.nlm.nih.gov/pubmed/27404969
https://doi.org/10.1007/s12072-022-10357-0
https://www.ncbi.nlm.nih.gov/pubmed/35699864
https://doi.org/10.1111/liv.15140
https://www.ncbi.nlm.nih.gov/pubmed/34936719
https://doi.org/10.1016/j.cgh.2022.08.021
https://www.ncbi.nlm.nih.gov/pubmed/36038130
https://doi.org/10.1056/NEJMra2211764
https://doi.org/10.3390/ijms22115497
https://www.ncbi.nlm.nih.gov/pubmed/34071064
https://doi.org/10.1111/j.1365-2893.2010.01428.x
https://doi.org/10.1053/j.gastro.2008.02.075
https://doi.org/10.1111/apt.17614
https://doi.org/10.1016/j.cgh.2008.10.023
https://doi.org/10.1371/journal.pone.0123452
https://www.ncbi.nlm.nih.gov/pubmed/25885705
https://doi.org/10.1016/j.humpath.2016.04.012
https://www.ncbi.nlm.nih.gov/pubmed/27189343
https://doi.org/10.1093/cid/civ860
https://www.ncbi.nlm.nih.gov/pubmed/26417034
https://doi.org/10.1016/j.jhep.2018.11.030
https://www.ncbi.nlm.nih.gov/pubmed/30529504
https://doi.org/10.1111/jvh.13528

J. Clin. Med. 2023, 12, 7565 12 0of 12

27. Kuo, YH.; Wang, ] H,; Hung, C.H.; Lu, S.N.; Hu, T.H.; Chen, C.H. Combining end-of-treatment HBsAg and baseline hepatitis B
core-related antigen reduce HBV relapse rate after tenofovir cessation. Hepatol. Int. 2021, 15, 301-309. [CrossRef]

28. Chiu, SM,; Kuo, YH,; Wang, ] H.; Hung, C.H.; Hu, TH.; Lu, S.N.; Chen, C.H. Associations of HBV Genotype B vs C Infection
with Relapse After Cessation of Entecavir or Tenofovir Therapy. Clin. Gastroenterol. Hepatol. 2020, 18, 2989-2997.e3. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1007/s12072-021-10159-w
https://doi.org/10.1016/j.cgh.2020.04.048

	Introduction 
	Materials and Methods 
	Patients 
	Assessment and Follow-Up Evaluation 
	Definition of Off-Therapy Response 
	Laboratory Methods 
	Statistical Analysis 

	Results 
	Patients’ Characteristics at EOT and Follow-Up 
	Factors Associated with Hepatitis Flares within 6 Months 
	Factors Associated with Hepatic Decompensation 
	Association between Clinical Outcome and Off-Therapy HBV DNA Change 

	Discussion 
	Conclusions 
	References

