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INTRODUCTION 

It is estimated that approximately 350 million people are chroni-

cally infected with hepatitis B worldwide1 and more than 780,000 

people die each year due to complications of hepatitis B.2 The 

goal of treatment for chronic hepatitis B (CHB) is sustained sup-

pression of hepatitis B virus (HBV) replication, to decrease mor-

bidity and mortality related to CHB.3 

Currently, the following three drugs are approved as first-line 

therapeutic options for CHB: entecavir (ETV), tenofovir disoproxil 
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fumarate (TDF), and pegylated interferon α-2a.4-8 The Interferons 

are not recommended for use in patients with decompensation or 

immunosuppression as they may have treatment-limitingside ef-

fects.5 Even though some adverse events including mild renal im-

pairment9 (particularly with TDF10) or lactic acidosis with ETV11 in 

patients with decompensated liver disease and high MELD scores 

(model for end-stage liver disease) (≥22) have been reported, 

both oral antiviral agents showed favorable safety profiles over 5 

years.7,8 

Chronic HBV infection is a dynamic state of interactions be-

tween HBV and immune cells. Therefore, alanine aminotransfer-

ase (ALT) flare, defined as abrupt rise of ALT levels more than 5 or 

10 times upper limit of normalmay occur spontaneously or during 

antiviral therapy.12  Oral antiviral therapy related ALT flare may oc-

cur in up to 3-10% of patients, being higher in hepatitis B enve-

lope antigen (HBeAg)-positive patients and lower in those receiv-

ing more potent antiviral agents, such as ETV or TDF.4,5,12-19 Few 

studies have been performed on early ALT flares in patients un-

dergoing long-term TDF therapy. The aim of this study was to in-

vestigate the incidence and outcome of early alanine aminotrans-

ferase (ALT) flare in treatment-naive patients with CHB during 

long-term TDF monotherapy. 

PATIENTS AND METHODS

Patients

One hundred eighty one treatment-naive CHB patients were 

consecutively included from Konkuk University Chungju Hospital 

and Korea University Anam Hospital in South Korea between Jan-

uary 2013 and December 2016. The inclusion criteria were as fol-

lows: hepatitis B surface antigen (HBsAg) present in serum for 

more than 12 weeks, serum HBV DNA level greater than 2,000 

IU/ml, and serum ALT level greater than twice the upper normal 

limit. Exclusion criteria included co-infection with hepatitis C, 

hepatitis D, and human immunodeficiency virus and the use of an 

antiviral agent with activity against HBV before enrolment. The 

clinical diagnosis of cirrhosis was based on imaging findings (ab-

dominal computed tomography or magnetic resonance imaging) 

and compatible clinical features (esophageal varices or thrombo-

cytopenia). 

The study protocol was approved by the institutional review 

board and was conducted in accordance with the ethical guide-

lines of the 1975 Declaration of Helsinki.

Study design

One hundred eighty one treatment-naive patients received 300 

mg TDF once daily for more than 12 weeks from January 2013 

and onwards. All patients were monitored at the baseline and ev-

ery 4-12 weeks during antiviral therapy. Before enrollment, the 

patients were assessed clinically according to medical history, 

physical examination, electrocardiography, HBeAg status and se-

rum HBV DNA level. The patients were followed every 4-12 weeks 

during antiviral therapy for clinical assessment of tolerability, 

physical examination, and assessment of blood chemistry and 

HBV status. The serum HBV DNA levels were measured using the 

CFX96 TouchTM Real-Time PCR Detection System (Bio-Rad, Hercu-

les, CA, USA), which has a lower limit of detection of 20 IU/mL. 

ALT flares were defined as an abrupt elevation of serum ALT to > 

5 × ULN or ≥ 3-fold increase in ALT, whichever was higher.12,20 

The virological response was defined as a decrease in the serum 

HBV DNA to a level undetectable by PCR assay; the loss or sero-

conversion of HBeAg in patients who were initially HBeAg-posi-

tive; and a decrease in the serum ALT level to the normal range. 

Virological breakthrough was defined as an increase in serum 

HBV DNA level of more than 1 log10 (10-fold) above the nadir af-

ter achieving virological response during treatment. 

Statistical analysis

HBV DNA levels were logarithmically transformed for analysis. 

Continuous variables were expressed as the mean ± standard de-

viation (SD), and categorical variables were shown as absolute 

and relative frequencies. The chi-square test was used to analyze 

the categorical variables, such as gender and liver cirrhosis. Con-

tinuous variables, such as age, serum HBV DNA level, and serum 

ALT level, were analyzed using the Mann-Whitney U-test. The P-

values less than 0.05 were considered statistically significant. 

SPSS version 21.0 was also used for all statistical analyses (SPSS 

Inc., Chicago, IL, USA).

RESULTS

Patients

The baseline characteristics of the patients are summarized in 

Table 1. One hundred eighty one were included between January 

2013 and December 2016. All patients were treatment naïve and 
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received 300 mg of TDF once daily for more than 12 weeks. At 

baseline, the median age of the subjects was 48.3 years, 122 

(67.4%) were men. HBeAg was positive in 101 patients (55.8%). 

No patient had cirrhosis. The median follow-up duration was 45 

weeks (12–155 weeks). The baseline serum HBV DNA and ALT 

levels were 6.42 ± 1.60 log10 IU/mL and 197.48 ± 281.25 IU/mL, 

respectively.

Virological and biochemical responses

Serum HBV DNA was undetectable in 88.8% and 100% of the 

patients at weeks 48 and 96, respectively (Table 2). Serum ALT 

level was normalized in all patients at both weeks 48 and 96. 

HBeAg seroconversion was observed in 35.1% in patients at week 

48 and 42.1% at week 96, respectively. No patients experienced 

HBsAg loss or seroconversion during TDF monotherapy. ALT flare 

(>5 × upper limit of the normal range) occurred in seven patients 

(3%) without viral breakthrough within the first 8 weeks after the 

start of TDF monotherapy. Among them, six patients were 

HBeAg-positive and one patient was HBeAg-negative. In six 

HBeAg-positive patients, four showed HBeAg seroconversion and 

virologic response during the antiviral therapy but two patients 

showed ALT flares without HBeAg loss or seroconversion within 

the first 4 weeks after the start of TDF monotherapy (Fig. 1). One 

patient had an increase in serum ALT level from 325 U/L at base-

line to 1,258 U/L at week 4 and another patient had an increase 

in serum ALT level from 113 U/L at baseline to 996 U/L at week 2. 

Such early on-treatment ALT flares occurred in concomitant with a 

reduction in serum HBV DNA levels by >2 log10 IU/mL within 4 

weeks. Early ALT flares resolved within 4 weeks and all patients 

showed virologic response without interruption or discontinuation of 

treatment. Baseline characteristics such as age, sex, initial HBeAg 

status, initial ALT levels, and initial HBV DNA levels were not associ-

ated with the development of an early ALT flare (Table 3).

Safety

Patients underwent routine check-ups every 4-12 weeks during 

Table 1.  Baseline characteristics of the patients enrolled in the study

Characteristics Total (n=181)
Early ALT flare (-) 

 (n=174)
Early ALT flare (+) 

(n=7)
P-value

Sex(male, n [%]) 122 (67.4) 118 (67.8) 4 (57.1) 0.684

Median age, year (range) 48.3 (20.4-71.0) 48.1 (20.4-71.0) 53.0 (26.0-65.0) 0.924

Cirrhosis (n, %) 0 (0) 0 (0) 0 (0)

HBeAg-positive (n, %) 101 (55.8) 95 (54.5) 6 (85.7) 0.135

Median duration of treatment (weeks, range) 45 (12-155) 44 (12-155) 64 (27-114) 0.101

Mean serum HBV DNA level (log10 IU/mL) 6.42 ± 1.60 6.36 ± 1.69 7.67 ± 1.28 0.017

Mean serum ALT (IU/L) 197.48 ± 281.25 193.43 ± 280.78 298.14 ± 295.52 0.045

Mean serum total bilirubin level (mg/dL) 1.57 ± 2.32 1.60 ± 2.36 0.8 ± 0.24 0.199

Mean serum albumin level (g/dL) 3.89 ± 0.61 3.89 ± 0.62 3.84 ± 0.51 0.689

Values are mean ± SD (range) unless otherwise indicated.
ALT, alanine aminotransferase; HBeAg, hepatitis B envelope antigen; HBV, hepatitis B virus.

Table 2.  Virological responses during tenofovir therapy in treatment-naïve patients with chronic hepatitis B

Response
48 weeks 96 week

Early ALT flare (-)  
(n=174)

Early ALT flare (+)  
(n=7)

Early ALT flare (-)  
(n=174)

Early ALT flare (+)  
(n=7)

Undetectable HBV DNA level (n, %)

    HBeAg-positive 42/48 (88.8) 6/6 (100) 15/15 (100) 4/4 (100)

    HBeAg-negative 12/12 (100) 1/1 (100) 8/8 (100) NA

HBeAg seroconversion (n, %) 16/48 (33.3) 3/6 (50) 6/15 (40.0) 2/4 (50)

Values are presented as n (%).
ALT, alanine aminotransferase; HBV, hepatitis B virus; HBeAg, hepatitis B envelope antigen; NA, not available.
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TDF therapy to identify adverse events and evaluate therapeutic 

responses. None of the patients who received TDF had a con-

firmed increase in serum creatinine level (more than 0.5mg/dL in-

crease from baseline level). There were no clinically significant ad-

verse events during the treatment period and none of the patients 

discontinued treatment.

DISCUSSION

In the present study involving 181 treatment-naïve patients with 

CHB treated with TDF, the  incidence of ALT flare was low (3.0% 

after 155 weeks of therapy). All the patients with early ALT flares 

showed a virological response. ALT flare is a well-known phenom-

enon associated with antiviral treatment for CHB.21 According to 

the previous study, ALT flare was further classified as host-in-

duced, virus-induced, or intermediate based on HBV DNA kinetics 

in the 24 weeks preceding the flare.21,22 Host-induced flares were 

characterized by an HBV DNA decline >1 log IU/mL within 24 

weeks preceding the ALT peak.21,22 It was considered to beassoci-

ated with declining viral load that may lead to a restored immune 

activity.21,22 In virus-induced flares, ALT peak was preceded by an 

HBV DNA increase >1 log IU/mL within 24 weeks,21,22 and it was 

assumed that the increase of viral load was responsible for the 

ALT flare.21,22 Flares that did not meet one of these criteria were 

classified as intermediate.21 

In the present study, early ALT flares occurred in 3.0% of pa-

tients during TDF monotherapy of CHB and were concomitant 

with a reduction in serum HBV DNA levels more than 1 log IU/ml. 

None of them had hepatic decompensation and the flares re-

solved within 4 weeks after continuing the antiviral therapy. 

Therefore, all the patients with early ALT flares during TDF could 

be categorized as host-induced. Host-induced flares during antivi-

ral treatment may be caused by a restoration of T-cell responsive-

Table 3. Univariate analysis of early ALT flare according to baseline factors

Baseline characteristics Odd ratio (95% CI) P-value

Sex (male/female) 0.645 (0.148-2.923) 0.684

Age (≤40/>40) 1.209 (0.243-6.017) 1.000

HBeAg (-/+) 1.050 (0.994-1.109) 0.135

Initial ALT level (≤120/>120 IU/mL) 1.050 (0.984-1.121) 0.132

Initial HBV DNA level (≤7.0/>7.0 log10 IU/mL) 1.048 (0.983-1.117) 0.142

ALT, alanine aminotransferase; HBeAg, hepatitis B envelope antigen; HBV, hepatitis B virus.

Figure 1. Clinical courses of two hepatitis B e antigen (HBeAg) positive patients with one episode of hepatitis flare.  (A) A 26-year-old male patient 
(B) A 28-year-old female patient.  ALT, alanine aminotransderase; TDF, tenofovir disoproxil fumarate; HBV, hepatitis B virus.
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ness that accompanies a reduction in viral proliferation.23-26 Previ-

ous studies have suggested that the serological response was 

observed after host-induced flares, but not after virus-induced 

flares.21,22

The treatment of CHB with lamivudine has been associated with 

increases in serum aminotransferase levels 3 to 10 times com-

pared with baseline levels in 10% of patients.27 ALT flares during 

lamivudine treatment tend to occur within the first 4 to 6 weeks, 

often after  major decline in serum HBV DNA level.28 The inci-

dence of ALT flares with an ALT increase >5 × ULN were as fol-

lows: lamivudine, 17%29; adefovir, 21%15; ETV, 10%4; and TDF, 

6%.5 All  oral antiviral therapies induced low rates of early ALT 

flare with an ALT increase >10 × ULN, which may occur in up to 

2-10% of patients, being higher in HBeAg-positive patients and 

lower under therapy with more potent antiviral agents, such as 

ETV or TDF.4,5,12-19,22 

In the previous phase 3 studies, early ALT flares with an ALT in-

crease >10 × ULN occurred in 3.0% of patients during TDF thera-

py of CHB, and resolved within 4 to 8 weeks without interruption 

or discontinuation of antiviral treatment.5 Early ALT flares during 

oral antiviral therapy were not associated with hepatic decompen-

sation and usually occured in association with a reduction in se-

rum HBV DNA levels within 8 weeks of oral antiviral therapy.4,5,12,16 

In this real-life cohort of patients undergoing long-term TDF ther-

apy, the risk of early ALT fares was low with an incidence of 3.0%, 

similar to the result of previous clinical trials.

A recent study suggested that baseline HBeAg-positivity and 

high HBV DNA levels were associated with flares during long-term 

ETV therapy.22 In the present study, baseline factors, such as age, 

sex, initial HBeAg status, and initial serum ALT and HBV DNA lev-

els were not associated with the development of an early ALT 

flare. The present study was limited by the retrospective design 

that lacked a prospective study protocol. Further studies for clini-

cal parameters are needed to elucidate the immunology during 

ALT flares.

In conclusion, the incidence of early ALT flares during TDF 

monotherapy was low. All of the early ALT flares were host-in-

duced flares, which were associated with good treatment re-

sponse. Continuous TDF monotherapy was effective and safe in 

treatment-naive patients with CHB experienced early ALT flares.
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