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Severe Acute Exacerbation After Cessation of Nucleos(t)ide Analog for
Chronic Hepatitis B: A Real-World Study
of RoutineQ7 PracticeQ1

ThereQ2 is an ongoing debate as to whether patients
with chronic hepatitis B (CHB) may discontinue

nucleos(t)ide analogue (NA) therapy before seroclearance
of hepatitis B surface antigen (HBsAg).1 Whereas treat-
ment discontinuation may facilitate HBsAg seroclearance
and avoid indefinite drug exposure,2 reactivation of viral
replication almost always follows treatment cessation and
frequently leads to clinical flares.3 In patients who
encounter withdrawal flares, severe acute exacerbation
(SAE) could occur with fatal consequences.4 Quantitative
knowledge about the risk of SAE is imperative to inform
the debate and also the practice.

We set out to quantify the incidence of SAE and
explore associated risk factors in a real-world cohort of
consecutive patients who discontinued NA therapy in
their routine clinical care. We systematically searched
the electronic health care records of all adults with CHB
treated with any approved NA regimen from April 1,
2004 to October 8, 2020 in the E-Da Healthcare System.
Key eligibility criteria included cessation of NA treatment
after being treated for longer than 1 year, positive HBsAg
and negative HBeAg at treatment cessation, and absence
of any malignancy. The main reason for treatment
discontinuation was loss of reimbursement coverage
according to the National Health Insurance and patients
were not selected by particular stopping rules. Eligible
patients were observed for occurrence of SAE, which was
defined by serum alanine transaminase >5 times the
upper limit of normal (40 U/L by the local standard) plus
bilirubinemia >2 mg/dL. Further details of the method
are available in the Supplementary Methods.

After screening a total of 5452 consecutivepatientswith
CHB treatedwithNAtherapy,we found830of themeligible.
Their characteristics are summarized in Supplementary
Table 1. Briefly, most were treated with entecavir or teno-
fovir disoproxil fumarate for a median duration of 34.7
(interquartile range [IQR], 18.4–35.9) months. Liver
cirrhosiswasdiagnosed in97 (11.7%)patientsat treatment
initiation. Treatment was resumed in 325 patients with a
cumulative retreatment rate of 55.55% (95% confidence
interval [CI], 49.50%–61.80%) at 10 years.

SAE occurred in 38 patients during 3322 person-years
of observation (Figure 1A), yielding an average annual rate
of 1.14% (95% CI, 0.81%–1.57%) and a 10-year cumula-
tive incidence of 6.6% (95% CI, 4.7%–9.2%). Notably, the
annual SAE incidence rate was significantly higher in the
first 2 years (1.84%; 95% CI, 1.20%–2.70%) than

afterward (0.63%; 95% CI, 0.32–1.10; P ¼ .002). More-
over, the risk significantly differed by the presence of
cirrhosis at treatment initiation (Figure 1B). The 10-year
cumulative incidences of SAE were 19.10% (95% CI,
10.1%–34.4%) and 5.2% (95%CI, 3.5%–7.8%) in patients
with andwithout cirrhosis, respectively (P¼ .0002). In the
multivariable Cox proportional hazards model, liver
cirrhosis (adjusted hazard ratio, 3.63; 95% CI, 1.80%–
7.33; P < .001) and male sex (adjusted hazard ratio, 2.81;
95%CI, 1.0%–7.93;P¼ .05)were factors associatedwith a
significantly higher SAE risk (Supplementary Table 2).

The median duration from treatment cessation to
occurrence of SAE was 16.3 (IQR, 9.0–25.7) months, but
could be as short as 2.8 months. At SAE, the median
alanine transaminase level was 493 (IQR, 257–1018) U/
L with a highest value of 2563 U/L, and the median
serum bilirubin was 2.59 (IQR, 2.24–4.73) mg/dL with a
highest value of 19.22 mg/dL. Despite retreatment, 7 of
the 38 (18.4%) patients with SAE progressed to acute on
chronic liver failure and 3 (7.9%) subsequently died. Of
note, cirrhosis was present in 3 of the 7 patients with
acute on chronic liver failure and 2 of the 3 mortality
cases. We also conducted a sensitivity test in the sub-
group treated with either entecavir or tenofovir dis-
oproxil fumarate monotherapy (n ¼ 665) and found
consistent results (data not shown).

Therefore, our analysis quantified the risk of SAE
using time-to-event data from patients with CHB who
stopped treatment as part of their routine care in a real-
world setting. A higher risk within the first 2 years off
treatment seemed in line with the chronologic pattern of
clinical relapse noted in previous studies.5,6 These data
may help tailor the surveillance program for patients
who stop NA treatment. Nonetheless, the underlying
mechanism remained elusive. Presumably, antiviral im-
munity is more intense in the face of abrupt viral reac-
tivation than in a relatively stable state,7 and thus flares
could be more severe right after removal of viral inhi-
bition. More research is warranted to elucidate the
reason for a declining incidence of SAE over time.

Our data also demonstrated that liver cirrhosis and
male sex were associated with a higher SAE risk. Most
concerning for the occurrence of SAE was a high rate of
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progression to acute on chronic liver failure (18%) and
death (8%) despite retreatment, particularly in patients
with cirrhosis. In accordance with our observation, a
prospective cohort study also from Taiwan reported that
7 of 691 patients (1.01%) developed hepatic decompen-
sation following treatment cessation and 3 of them died.
Notably, all of the 7 patients had cirrhosis.8 In view of the
excessive risk and a potentially irreversible course of SAE,
it is inadvisable to suggest treatment cessation in patients
with cirrhosis. We believe the practice of finite NA therapy
should be based on accurate risk stratification and shared
decision making. Emerging data indicated that convenient
biomarkers, such as serum HBsAg and/or hepatitis B
core-related antigen titers, along with clinical information
may help resolve the conundrum between the risk of
clinical flares and chance of HBsAg clearance.9,10

This study was limited by factors inherent in retro-
spective research, such as missing data. For instance,
data for the evaluation of remnant fibrosis were far less
complete at treatment cessation than at initiation. Addi-
tionally, the number of SAE events might limit the
exploration of risk factors beyond cirrhosis and sex. The
number of patients with cirrhosis was also statistically
underpowered to look for risk factors within this sub-
group. Finally, caution is warranted before generalizing
our findings. For example, this study did not include
patients presenting with compensated cirrhosis and
hepatitis B virus viremia <2000 IU/mL, who should have
received treatment in other countries.

In conclusion, patients with CHB should be informed
of potential SAE risks as shown in our analysis before
stopping NA treatment.

Supplementary Material

Note: To access the supplementary material accom-
panying this article, visit the online version of Clinical

Gastroenterology and Hepatology at www.cghjournal.org,
and at http://doi.org/10.1016/j.cgh.2012.11.00.
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Figure 1. The cumulative incidence of SAE following cessation of antiviral treatment in the overall study population (A) and in
the subgroups stratified by liver cirrhosis at treatment imitation (B).
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Supplementary Methods

We retrospectively screened the electronic health
care records of all patients who received any NA regimen
for CHB between April 1, 2004 and October 8, 2020 in
the E-Da Hospital, E-Da Cancer Hospital, and E-Da
Dachang Hospital. Data were extracted from the EDA
Healthcare System electronic health care records data-
base and complimented by manual chart review as
needed. The study was approved by the institutional
review board of the E-Da Healthcare System (EMRP-108-
058).

Eligibility required age �20 years, CHB infection �6
months, and NA therapy for at least 1 year before
treatment cessation. Exclusion criteria included HBsAg
clearance or positive hepatitis B e antigen serology at
treatment cessation, hepatitis C virus coinfection, organ
transplantation, or any malignancy. Cirrhosis was
defined mainly by a clinical diagnosis, usually based on
noninvasive assessments. Hepatic insufficiency was
defined by serum bilirubin �2 mg/dL or prolongation of
prothrombin time �3 seconds because such operational
definition indicated reimbursement for antiviral treat-
ment according to the National Health Insurance.

Antiviral therapy for CHB was regulated by the Na-
tional Health Insurance with specified reimbursement
criteria. Except for a special condition, such as hepatic
insufficiency, organ transplantation, or malignancy, the
indications were generally determined by high viral load
(�2000 IU/mL) and persistent alanine transaminase
(ALT) elevation (>2 times the upper limits of normal for
at least 3 months), with details separated by hepatitis B e
antigen status. For the indication of cirrhosis, a prereq-
uisite of hepatitis B virus DNA �2000 IU/mL was
required during the study period.

The reimbursement was finite in principle and
generally 3 years at most. After July 1, 2010, indefinite
coverage was granted for the indication of cirrhosis but
required evidence of portal hypertension (ie, spleno-
megaly or esophagogastric varices) if pathologic proof
was absent. Accordingly, patients with a clinical diag-
nosis of cirrhosis who did not present with viremia
�2000 IU/mL or overt features of portal hypertension
did not qualify for indefinite reimbursement and still had
to stop treatment throughout the study period.

The reimbursement criteria for retreatment were
similar to those for treatment initiation. Retreatment was
not indicated for virologic relapse alone or transient (<3
months) ALT elevation, regardless of the level of serum
hepatitis B virus DNA or ALT.

The primary outcome was SAE, defined by abrupt
elevation of serum ALT >5 times upper limits of normal
(the conventional upper limits of normal of 40 U/L) plus
bilirubinemia >2 mg/dL. Acute on chronic liver failure
was defined by serum bilirubin �5 mg/dL and interna-
tional normalized ratio �1.5, accompanied with clinical
complications, such as ascites or encephalopathy within
4 weeks.

The cumulative incidences were calculated by the
Kaplan-Meier method and the differences examined by
the log-rank test. The incidence rates were calculated by
event per person-time and the chronologic trend was
examined using Poisson regression. The Cox propor-
tional hazards model was performed in a backward
manner to eliminate nonsignificant variables. Point esti-
mates were reported along with 95% confidence in-
tervals. All statistical examinations were 2-sided with
significance set at a P value < .05. A commercially
available software SAS version 9.4 (SAS Institute, Cary,
NC) was used for the analysis.
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Supplementary Table 1. Characteristics of the Study Cohort

Characteristicsa All (n ¼ 830)

Biologic sex, n (%)
Female 207 (24.9)
Male 623 (75.1)

Age, y 49.5 (40.5–57.2)

Body mass index, kg/m2 24.3 (21.9–26.8)

Diabetes mellitus, n (%) 30 (3.6)

Hypertension, n (%) 164 (19.8)

Dyslipidemia, n (%) 171 (20.6)

AST, U/L 29.0 (24.0–38.0)

ALT, U/L 27.0 (20.0–41.0)

Bilirubin, mg/dL 1.1 (0.8–1.5)

Creatinine, mg/dL 1.1 (1.0–1.3)

Prothrombin time, s 10.6 (10.3–11.4)

International normalized ratio 1.0 (1.0–1.1)

White blood cell count, 103/mL 5.7 (4.6–6.8)

Hemoglobin, g/dL 14.6 (12.8–15.7)

Platelet count, 103/mL 188 (139–229)

Antiviral regimen, n (%)
Lamivudine 109 (13.1)
Adefovir 30 (3.6)
Telbivudine 26 (3.1)
Entecavir 456 (54.9)
TDF 209 (25.2)

Duration on therapy, mo 34.7 (18.4–35.9)

Pretreatment cirrhosis, n (%)b 97 (11.7)

Pretreatment hepatic insufficiency, n (%)a 256 (30.8)

Pretreatment positive HBeAg, n (%)
Pretreatment positive anti-HBe, n (%)

225 (27.1)
473 (57.0)

Pretreatment HBV DNA, log IU/mL 6.3 (4.7–8.3)

Pretreatment AST, U/L 91.0 (54.0–202.0)

Pretreatment ALT, U/L 128 (68.0–364.0)

NOTE. The characteristics were summarized at treatment cessation unless the
pretreatment status was specified, and were expressed as number (percent-
age) or median (interquartile range).
ALT, alanine transaminase; anti-HBe, hepatitis B e antibody; AST, aspartate
transaminase; HBeAg, hepatitis B e antigen; HBV, hepatitis B virus; TDF,
tenofovir disoproxil fumarate.
aHepatic insufficiency was defined by laboratory measurements of serum
bilirubin �2 mg/dL or prolongation of prothrombin time �3 seconds because
this operational definition indicated reimbursement for antiviral treatment ac-
cording to the national health insurance in Taiwan.
bCirrhosis was defined by a clinical diagnosis based on clinical assessment
including liver images.
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Supplementary Table 2. Cox Proportional Hazards Regression to Explore Factors Associated With Severe Acute
Exacerbation

Univariable analysis Multivariable analysis

HR 95% CI P value aHR 95% CI P value

Age, y 1.02 0.99–1.04 .25

Male sex 2.86 1.02–8.07 .05 2.81 1.0–7.93 .05

Body mass index, kg/m2 1.05 0.96–1.15 .32

AST, per 100 U/L 1.25 0.43–3.65 .68

ALT, per 100 U/L 1.29 0.53–3.12 .57

Antiviral regimen, n
Entecavir vs older drugs 0.53 0.26–1.05 .07
TDF vs older drugs 0.36 0.13–1.01 .06

Duration on therapy, mo 1.0 0.98–1.02 .86

Pretreatment cirrhosis 3.68 1.82–7.42 < .001 3.63 1.80–7.33 < .001

Pretreatment liver insufficiency 2.0 1.05–3.79 .03

Pretreatment positive HBeAg 1.15 0.58–2.29 .68

Pretreatment positive anti-HBe 1.11 0.47–2.60 .82

Pretreatment HBV DNA, log IU/mL 1.04 0.88–1.23 .66

Pretreatment AST, 100 U/L 1.04 0.99–1.10 .11

Pretreatment ALT, 100 U/L 1.02 0.98–1.07 .34

NOTE. Measured at treatment cessation unless otherwise specified as “pretreatment.”
aHR, adjusted hazard ratio; ALT, alanine transaminase; anti-HBe, hepatitis B e antibody; AST, aspartate transaminase; CI, confidence interval; HBeAg, hepatitis B
e antigen; HBV, hepatitis B virus; HR, hazard ratio; TDF, tenofovir disoproxil fumarate.
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