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Earlier Alanine Aminotransferase Normalization During
Antiviral Treatment Is Independently Associated With
Lower Risk of Hepatocellular Carcinoma in Chronic
Hepatitis B
Jonggi Choi, MD, PhD1, Gi-Ae Kim, MD, PhD2, Seungbong Han, PhD3 and Young-Suk Lim, MD, PhD1

OBJECTIVES: It was suggested that normalization of serum alanine aminotransferase (ALT) levels at 1 year of antiviral

treatment is associated with a lower risk of hepatic events in patients with chronic hepatitis B (CHB).

However, it remains unclear whether earlier ALT normalization is associated with lower hepatocellular

carcinoma (HCC) risk, independent of fatty liver or cirrhosis and on-treatment virological response (VR),

in patients with CHB.

METHODS: We analyzed 4,639 patients with CHB who initiated treatment with entecavir or tenofovir using

landmark analysis and time-dependent Cox analysis.Wedefined normal ALT as£35U/L (men) and£25
U/L (women) and VR as serum hepatitis B virus DNA <15 IU/mL.

RESULTS: During a median 5.6 years of treatment, 509 (11.0%) patients developed HCC. ALT normalization

occurred in 65.6%at1 year and81.9%at2 years andwas associatedwith a significantly lowerHCC risk

in landmark (P < 0.001) and time-dependent Cox analyses (adjusted hazard ratio [AHR] 0.57; P <
0.001). Compared with ALT normalization within 6 months, delayed ALT normalization at 6–12,

12–24, and >24months was associated with incrementally increasing HCC risk (AHR 1.40, 1.74, and

2.45, respectively;P <0.001), regardless of fatty liver or cirrhosis at baseline and VR during treatment.

By contrast, neither earlier VR (AHR 0.93; P5 0.53) nor earlier hepatitis B e antigen seroclearance

(AHR 0.91; P5 0.31) was associated with a significantly lower HCC risk.

DISCUSSION: In patients with CHB treated with entecavir or tenofovir, earlier ALT normalization was independently

associated with proportionally lower HCC risk, regardless of fatty liver or cirrhosis at baseline and on-

treatment VR.

SUPPLEMENTARY MATERIAL accompanies this paper at https://links.lww.com/AJG/B339

Am J Gastroenterol 2019;00:1–9. https://doi.org/10.14309/ajg.0000000000000490

INTRODUCTION
Hepatitis B virus (HBV) infection is the most common cause of
primary liver cancer, which is the second leading cause of cancer-
relatedmortalityworldwide (1).Global deaths from liver cancer due
to HBV are projected to double by 2040 (1). Hepatocellular carci-
noma (HCC) represents.90% of primary liver cancer cases (2).

The goal of treatment for patients with chronic hepatitis B
(CHB) is to improve survival by preventing disease progression
and HCC (3,4). Ideally, for hepatitis B therapies to be ap-
proved, they should demonstrate efficacy in preventing HCC
and liver-related deaths. However, these clinical endpoints
evolve over years or decades. Therefore, intermediate surrogate

endpoints that are easy to assess, occur frequently, and are
considered to correlate with clinical outcomes have been used
for the evaluation of treatment efficacy. Those surrogate end-
points include virological, biochemical, and serological
biomarkers.

In natural-course studies on CHB, normalization of serum
alanine aminotransferase (ALT) levels, marked decrease of HBV
DNA levels, and hepatitis B e antigen (HBeAg) seroclearance
have been associated with a reduced incidence of HCC and
mortality (5,6). However, few studies have investigated whether
these variables correlate with clinical outcomes during long-term
treatment with potent nucloes(t)ide analogues (NUCs).
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A recent study suggested that ALT normalization at 1 year of
NUC treatment was associated with a lower risk of hepatic events
in patients with CHB (7). However, the data for virological re-
sponse (VR) during treatment and fatty liver disease at baseline,
the important potential confounders, were lacking and could not
be adjusted for in the study. Furthermore, it is still unclear
whether earlier achievement of ALT normalization is associated
with a lower risk of HCC.

Therefore, the aim of this large-scale historical cohort study
was to comprehensively explore the impact of on-treatment
surrogate endpoints on the risk of HCC in patients with CHB
treated with entecavir (ETV) or tenofovir disoproxil fuma-
rate (TDF).

METHODS

Study population

We obtained data from adult treatment-naive CHB patients who
initiated treatment with ETV (0.5 mg/d) or TDF (300 mg/d) at
Asan Medical Center, a 2,700-bed academic tertiary referral
hospital in Seoul, Korea, between January 2007 and December
2016 (Figure 1). All patients had been positive for hepatitis B
surface antigen (HBsAg) for at least 6 months and did not have
a history of HCC or other malignancies. We excluded patients
who met any of the following criteria: (i) age ,20 or .80 years;
(ii) serum HBV DNA at baseline ,2,000 IU/mL (or undetect-
able); (iii) .2 weeks of previous treatment with other antiviral
agents; (iv) insufficientmedical records (no baseline ALT orHBV
DNA data); and (v) coinfection with hepatitis C virus, hepatitis D
virus, human immunodeficiency virus, or other hepatotropic
viruses.

After further excluding patients treated for ,1 year or who
developed clinical outcomes (i.e., HCC, death, or transplantation)
within 1 year of treatment, 4,639 patients were included in the 1-

year landmark analysis. The 2-year landmark analysis included
4,152 patients after exclusion of those with follow-up of,2 years
or occurrence of clinical outcomes in 2 years of treatment.

The Institutional Review Board of Asan Medical Center ap-
proved the study.

Clinical and laboratory variables

Data on clinical information and outcomes were extracted from
electronic medical records. All patients had undergone standard
clinical examinations; liver function tests; and assays for HBeAg,
hepatitis B e antibody, andHBVDNA levels, at baseline and every
3–6 months during follow-up. Serum HBV DNA levels were
measured using a real-time polymerase chain reaction assay
(linear dynamic detection range, 15–109 IU/mL; Abbott Labo-
ratories, Chicago, IL). HBV genotypes were not determined be-
cause.98% of Korean patients with CHB haveHBV genotype C.

Cirrhosis was defined as the presence of any of the following
findings: coarse liver echotexture and nodular liver surface on
ultrasonography, clinical features of portal hypertension (e.g.,
ascites, splenomegaly, or varices), or thrombocytopenia
(,150,000/mm3). The presence of fatty liver was determined
using ultrasonography.

Surrogate endpoints

VR was defined as undetectable serum HBV DNA levels (,15
IU/mL). Normal ALT was defined as #35 U/L for men and #25
U/L for women, following the recommendation of the American
Association for the Study of Liver Diseases (4).

Clinical outcomes

The primary study outcome of interest was the development of
HCC, and secondary outcomes included all-cause mortality and
liver transplantation.

Figure 1. Study flow. CHB, chronic hepatitis B; HBV, hepatitis B virus; HCC, hepatocellular carcinoma.
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The patients underwent regular surveillance for HCC with
liver ultrasonography and serum alpha-fetoprotein measure-
ments every 6 months. HCC was diagnosed histologically or by
using noninvasive diagnostic criteria based on corresponding
international guidelines of HCC at the time of HCC diagnosis
(8,9). All patients were advised to continue the treatment with
ETV or TDF even after HBeAg seroclearance until achieving
HBsAg seroclearance.

The patients were followed up until the earliest of the fol-
lowing events: diagnosis of HCC, death of any cause, liver
transplantation, last follow-up date, or December 31, 2018. In-
formation on vital status and HCC diagnosis for all patients was
validated using the Korean National Health Insurance Service
database, which covers .99% of the Korean population.

Statistical analysis

The cumulative incidence rates of HCC and death/
transplantation were estimated using the Kaplan-Meier method
and compared using the log-rank test.

The timing of ALT normalization, VR, or HBeAg seroclearance
varies among patients under antiviral treatment. The rate of clinical
outcomes may be underestimated in patients achieving the surro-
gate endpoints after the baseline and overestimated in those who do
not achieve the surrogate endpoints, leading to immortal time bias
or guarantee time bias (10,11). Therefore, 2 statisticalmethods were
applied to avoid immortal time bias (11). First, landmark analysis
was used by redefining time zero as a specific landmark time (at 1
year and 2 years after treatment initiation), in which patients being
treated at the landmark time were separated into categories de-
scribed by the classifying event and followed forward in time. For
example, if a patient achieved VR after the “landmark point,” then
the patient would be placed in the no-VR group because this patient
already had a time at risk of HCC while not achieving VR. Second,
a time-dependent Cox regression analysis was used considering the
time variation of surrogate endpoints. Hence, the regression coef-
ficients could be estimated more accurately (12).

All statistical analyses were performed using the R program
(http://cran.r-project.org/). All reported P values are 2-sided, and
P , 0.05 was considered statistically significant.

RESULTS
Baseline characteristics of the study population

A total of 4,639 patients with CHB who were treated with ETV or
TDFwithout the occurrence of clinical outcomes during the initial
1 year were included in the 1-year landmark analysis (Figure 1).
Themeanpatient agewas 47.0years, and64.5%of thepatientswere
men (Table 1). Cirrhosis was present in 43.7% of the patients, and
64.2% were HBeAg-positive. The median HBV DNA level was 6.7
log10 IU/mL, and themedian ALT level was 93U/L. Fatty liver was
present in 24.2% of the patients.

The 2-year landmark analysis included 4,152 patients who
continued the treatment without the occurrence of clinical out-
comes during the initial 2 years (Figure 1). Most of the baseline
characteristics were similar between the patients included in the
1-year and 2-year landmark analyses (Table 1).

Clinical outcomes

Among the total 4,639 patients, 509 developed HCC with an
annual incidence rate of 1.99 per 100 person-years during the
median treatment period of 5.6 years (range 1.0–10.9 years). The
3-, 5-, and 10-year cumulativeHCC risk inKaplan-Meier analysis

was 5.1%, 9.2%, and 18.8%, respectively. The annual HCC in-
cidence was significantly higher in patients with cirrhosis than in
those without cirrhosis (3.7% vs 0.6%; P , 0.001).

Table 1. Baseline characteristics of patients with CHB treated

with ETV or TDF

Characteristics

Patients included in

1-yr landmark analysis

Patients included in

2-yr landmark analysis

No. of patients 4,639 4,152

Age, mean 6 SD, yr 47.0 6 10.9 46.8 6 10.8

Men, n (%) 2,990 (64.5) 2,682 (64.6)

Cirrhosis, n (%) 2,027 (43.7) 1,811 (43.6)

HBeAg positivitya,

n (%)

2,732 (64.2) 2,475 (64.9)

HBV DNA, median

(IQR), log10 IU/mL

6.7 (5.5–7.9) 6.7 (5.5–7.9)

AST, median (IQR),

U/mL

74 (46–131) 74 (47–132)

ALT, median (IQR),

U/mL

93 (47–184) 95 (47–186)

Albumin, median

(IQR), g/dL

4.0 (3.6–4.2]) 4.0 (3.6–4.2)

Total bilirubin,

median (IQR), mg/dL

1.0 (0.8–1.4) 1.0 (0.8–1.4)

Prothrombin time,

median (IQR), INR

1.1 (1.0–1.1) 1.1 (1.0–1.1)

Platelets, median

(IQR), 1,000/mm3

159 (116–199) 160 (117–199)

Creatinine, mean 6

SD, mg/dL

0.8 (0.7–0.9) 0.8 (0.7–0.9)

BMI, mean 6 SD 24.1 6 3.4 24.0 6 3.4

Diabetes mellitus,

n (%)

281 (6.1) 234 (5.6)

Fatty liverb, n (%) 1,124 (24.2) 1,047 (25.2)

Hypertension, n (%) 333 (7.2) 280 (6.7)

ETV/tenofovir, n (%) 3,065/1,574

(66.1/33.9)

2,803/1,349

(67.5/32.5)

CU-HCC score,

mean 6 SD

15.8 6 12.9 15.6 6 12.8

GAG-HCC score,

mean 6 SD

95.6 6 22.4 95.5 6 22.3

PAGE-B score,

mean 6 SD

13.4 6 5.0 13.3 6 4.9

REACH-B score,

mean 6 SD

11.2 6 2.4 11.1 6 2.4

ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, bodymass
index; CHB, chronic hepatitis B; CU, Chinese University; ETV, entecavir; GAG,
guidewith age, gender; HBeAg, hepatitis B e antigen; HBV, hepatitis B virus; HBV
DNA, core promoter mutations and cirrhosis; HCC, hepatocellular carcinoma;
INR, international normalized ratio; IQR, interquartile range; PAGE-B, risk score
based on age, gender, and platelets; REACH-B, risk estimation for hepatocellular
carcinoma in chronic hepatitis B; TDF, tenofovir disoproxil fumarate.
aInformation was unavailable in 382 patients.
bInformation was unavailable in 59 patients.
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Death or transplantation occurred in 220 patients with an
annual incidence rate of 0.81 per 100 person-years. The cumu-
lative incidence rates of death or transplantation were 1.9%, 3.9%,
and 8.0% at 3, 5, and 10 years, respectively.

ALT normalization and HCC risk

ALT normalization occurred in 4,135 (89.1%) patients during the
overall treatment period with cumulative rates of 65.6%, 81.9%,
and 90.9% at 1, 2, and 5 years of treatment, respectively, in
Kaplan-Meier analysis (see Figure 1a, Supplementary Digital
Content 1, http://links.lww.com/AJG/B339).

ALT normalization at 1 and 2 years of treatment was signifi-
cantly associated with a reduced HCC risk during the overall
follow-up period in the 1-year landmark analysis (P , 0.001;
Figure 2a) and the 2-year landmark analysis (P, 0.001; Figure 2b).

In the 2-year landmark analysis, earlier normalization of ALT
levels in the first 2 years of treatment was associated with an in-
crementally decreasing risk of HCC in a dose-dependent manner
(P , 0.001; Figure 3a). The HCC risk was the lowest in patients
with ALT normalization at 6 months, followed by those with ALT
normalization between 6 and 12 months, ALT normalization be-
tween 12 and24months, andnoALTnormalizationby 24months.

At baseline, 3,066 (73.8%) patients showedno evidence of fatty
liver disease on ultrasonography. In these patients, delayed ALT
normalization was associated with an incrementally increasing
risk of HCC during the follow-up period (P, 0.001; Figure 3b).

Of the 3,054 patients who achieved VR in the first 2 years of
treatment, 2,641 (86.5%) also achieved ALT normalization in the
same period. In this subgroup of patients, earlier ALT normali-
zation was again associated with an incrementally decreasing risk
of HCC during the follow-up period (P , 0.001; Figure 3c).

Regardless of presence of cirrhosis, earlier ALT normaliza-
tion in the first 2 years of treatment was significantly associated
with decreasing risk of HCC (P, 0.001 for both of cirrhosis and
noncirrhosis subcohorts; see Table 1 and Figure 2a, b, Supple-
mentary Digital Content 1, http://links.lww.com/AJG/B339).
The similar results were consistently observed by separate
analyses according to the type of antiviral drug (see Table 2 and
Figure 3a, b, Supplementary Digital Content 1, http://links.lww.
com/AJG/B339).

Virological response and HCC risk

A total of 4,040 (87.1%) patients achieved VR during the overall
treatment period. The cumulative VR rates in Kaplan-Meier
analysis were 45.4%, 72.6%, and 86.8% at 1, 2, and 5 years of
treatment, respectively (see Figure 1b, Supplementary Digital
Content 1, http://links.lww.com/AJG/B339). In patients without
VRat 2 years of treatment, themedianHBVDNA levelwas 300 IU/
mL (interquartile range 54–9,900 IU/mL), and 69.1% had HBV
DNA levels,2,000 IU/mL.

In the 2-year landmark analysis, the HCC risk was not sig-
nificantly different between patients who achieved VR at 2 years
of treatment and thosewho did not achieveVR in the same period
(P 5 0.32; Figure 4a).

HBeAg seroclearance and HCC risk

Among 2,732 HBeAg-positive patients at baseline, 1,119 (41.0%)
achieved HBeAg seroclearance during the overall treatment pe-
riod. The cumulative HBeAg seroclearance rates were 14.5%,
24.6%, and 40.8% at 1, 2, and 5 years of treatment, respectively
(see Figure 1c, SupplementaryDigital Content 1, http://links.lww.
com/AJG/B339).

In the 2-year landmark analysis, HBeAg seroclearance at 2
years of treatment was not associated with a significantly re-
duced HCC risk during the overall follow-up period (P5 0.22;
Figure 4b).

Time-dependent cox analyses

In multivariable time-dependent Cox regression analysis, earlier
ALT normalization during the overall treatment period was an
independent factor that was significantly associated with a lower
HCC risk (adjusted hazard ratio [AHR] 0.57; 95% confidence
interval [CI] 0.45–0.71; P , 0.001; Table 2).

Compared with ALT normalization within 6 months of treat-
ment, delayed ALT normalization at 6–12, 12–24, and .24
monthswas associatedwith an incremental risk of HCCwithAHR
of 1.40 (95% CI 1.05–1.87; P5 0.02), 1.74 (95% CI 1.29–2.35; P,
0.001), and 2.45 (95% CI 1.89–3.17; P , 0.001), respectively
(Table 3).

This incremental HCC risk associated with delayed ALT
normalization was consistently observed in various subgroups,

Figure 2. Risk of HCC according to ALT normalization during treatment in chronic hepatitis B patients. (a) One-year landmark analysis. (b) Two-year
landmark analysis. ALT, alanine aminotransferase; HCC, hepatocellular carcinoma.

The American Journal of GASTROENTEROLOGY VOLUME 00 | MONTH 2019 www.amjgastro.com

LI
VE

R
Choi et al.4

Copyright © 2020 by The American College of Gastroenterology. Unauthorized reproduction of this article is prohibited.

http://links.lww.com/AJG/B339
http://links.lww.com/AJG/B339
http://links.lww.com/AJG/B339
http://links.lww.com/AJG/B339
http://links.lww.com/AJG/B339
http://links.lww.com/AJG/B339
http://links.lww.com/AJG/B339
http://www.amjgastro.com


including patients without fatty liver disease, those with VR, and
thosewith cirrhosis (P, 0.05 for all; Table 3). This dose-response
relationship persisted in patients with fatty liver (see Table 3,
Supplementary Digital Content 1, http://links.lww.com/AJG/
B339).

By contrast, neither earlierVR (AHR0.93; 95%CI 0.73–1.17;P
5 0.53) nor earlier HBeAg seroclearance (AHR, 0.91; 95% CI
0.75–1.10; P5 0.31) was independently associated with a signif-
icantly lower HCC risk in the multivariable time-dependent Cox
regression analysis (Table 2).

Figure 3.Risk of HCC according to the timing of ALT normalization by 2-year landmark analysis. (a) Entire cohort (n5 4,152). (b) Patients without fatty liver
disease at baseline (n5 3,066). (c) Patients who achieved virological response by 2 years of treatment (n5 3,054). ALT, alanine aminotransferase; HCC,
hepatocellular carcinoma.

Figure 4. Risk of HCC according to virologic response and HBeAg seroclearance by 2-year landmark analysis. (a) According to virological response.
(b) According to HBeAg seroclearance. HBeAg, hepatitis B e antigen; HCC, hepatocellular carcinoma.
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Death or liver transplantation

ALT normalization at 1 and 2 years of treatment was significantly
associated with a reduced risk of overall death or transplantation
during the follow-up period in the 1-year landmark analysis (P,
0.001; see Figure 4a, Supplementary Digital Content 1, http://
links.lww.com/AJG/B339) and the 2-year landmark analysis (P,
0.001; see Figure 4b, Supplementary Digital Content 1, http://
links.lww.com/AJG/B339).

Factors associated with ALT normalization

Of 3,438 patients who achieved ALT normalization at 2 years of
treatment, 2,105 (61.2%) achieved early (,6 months) ALT nor-
malization, whereas 1,333 (38.8%) achieved late (7–24 months)
ALT normalization. By multivariable analysis, factors associated
with early ALT normalization were male, lower HBV DNA at
baseline, absence of fatty liver, and treatmentwithTDF (see Table 4,
SupplementaryDigitalContent 1, http://links.lww.com/AJG/B339).

Table 2. Time-dependent Cox regression analysis for factors predictive of HCC in patients with CHB treated with entecavir or tenofovir

Variables

Univariate analysis Multivariable analysis

HR (95% CI) P value AHR (95% CI) P value

On-treatment variablesa

ALT normalization during

treatmentb
0.54 (0.43–0.67) ,0.001 0.57 (0.45–0.71) ,0.001

VR during treatmentc 0.99 (0.79–1.23) 0.90 0.93 (0.73–1.17) 0.53

HBeAg Positivity during

treatment

0.68 (0.57–0.81) ,0.001 0.91 (0.75–1.10) 0.31

Baseline variables

Age, yr 1.07 (1.06–1.08) ,0.001 1.06 (1.05–1.07) ,0.001

Sex, male 1.67 (1.36–2.05) ,0.001 2.45 (1.98–3.03) ,0.001

Cirrhosis 5.84 (4.64–7.34) ,0.001 2.30 (1.77–2.99) ,0.001

HBV DNA, log10 IU/mL 0.85 (0.80–0.90) ,0.001 0.91 (0.86–0.98) 0.01

Albumin, g/dL 0.46 (0.41–0.53) ,0.001 0.67 (0.57–0.80) ,0.001

Total bilirubin, mg/dL 1.04 (1.01–1.06) 0.01 0.97 (0.93–1.01) 0.09

Prothrombin time, INR 2.88 (2.31–3.58) ,0.001 0.80 (0.49–1.30) 0.37

Platelets, 31,000/mm3 0.98 (0.98–0.99) ,0.001 0.99 (0.99–0.99) ,0.001

Diabetes 1.92 (1.44–2.56) ,0.001 1.11 (0.83–1.49) 0.49

Fatty liver 0.74 (0.60–0.91) 0.005 1.13 (0.92–1.39) 0.24

Total number of patients, 4,639; number of events (HCC), 509.
AHR, adjusted hazard ratio; ALT, alanine aminotransferase; CHB, chronic hepatitis B; CI, confidence interval; HBV, hepatitis B virus; HBeAg, hepatitis B e antigen; HCC,
hepatocellular carcinoma; HR, hazard ratio; INR, international normalized ratio; VR, virological response.
aAnalyzed as time-varying variables.
bNormal ALTwas defined as#35 U/L for men and #25 U/L for women.
cVR was defined as serum HBV DNA levels ,15 IU/mL.

Table 3. Summary of time-dependent cox regression analysis for the risk of HCC according to the timing of ALT normalization in various

patient subgroups

Timing of ALT

normalization

during treatment

Entire population

(n5 4,152)

Patients without fatty liver

(n 5 3,066)

Patients with VR

(n5 3,054)

Patients with cirrhosis

(n 5 1,811)

AHRa (95% CI) P value AHRa (95% CI) P value AHRb (95% CI) P value AHRc (95% CI) P value

At #6 mo 1.00 1.00 1.00 1.00

At 6–12 mo 1.40 (1.05–1.87) 0.02 1.48 (1.08–2.04) 0.02 1.59 (1.16–2.20) 0.004 1.44 (1.06–1.96) 0.02

At 12–24 mo 1.74 (1.29–2.35) ,0.001 1.58 (1.11–2.24) 0.01 1.68 (1.19–2.37) 0.003 1.49 (1.07–2.07) 0.02

At .24 mo 2.45 (1.89–3.17) ,0.001 2.58 (1.93–3.45) ,0.001 2.50 (1.80–3.47) ,0.001 2.22 (1.68–2.94) ,0.001

AHR, adjusted hazard ratio; ALT, alanine aminotransferase; CI, confidence interval, HBV, hepatitis B virus; HCC, hepatocellular carcinoma; VR, virological response.
aAdjusted for age, sex, HBV DNA levels, albumin levels, platelet counts, cirrhosis, and diabetes at baseline.
bAdjusted for age, sex, HBV DNA levels, albumin levels, platelet counts, cirrhosis, diabetes, and fatty liver at baseline.
cAdjusted for age, sex, HBV DNA levels, albumin levels, platelet counts, diabetes, and fatty liver at baseline.
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Among 3,054 patients who achieved VR at 2 years of treat-
ment, 413 (13.5%) failed to achieve ALT normalization. Old age,
female, cirrhosis, hyperbilirubinemia, and presence of fatty liver
at baseline were independently associated with no normalization
of ALT at 2 years of treatment by multivariable analysis (see
Table 5, Supplementary Digital Content 1, http://links.lww.com/
AJG/B339).

DISCUSSION
This study demonstrated that earlier on-treatment ALT nor-
malization was a surrogate endpoint that was independently as-
sociated with proportionally lower HCC risk in patients with
CHB who initiated treatment with ETV or TDF, regardless of
fatty liver or cirrhosis at baseline and achievement of VR during
treatment. This result was consistently observed in the 1- and 2-
year landmark analyses and in time-dependent Cox analysis.
Compared with ALT normalization within 6 months of treat-
ment, delayed ALT normalization at 6–12, 12–24, and .24
months was associated with an incrementally increasing risk of
HCC during the overall follow-up period.

Similar to our results, a recent large-scale historical cohort
study fromHongKong showed that normal on-treatment ALT in
the first 12 months of antiviral treatment was associated with
a significantly reduced risk of hepatic events including HCC (7).
Unfortunately, the confounding effects of fatty liver, VR, and
HBeAg seroclearance on the association between on-treatment
normal ALT and clinical outcomes were not assessed in this
study. In this regard, the results of this study provide novel in-
formation proving the association between on-treatment ALT
normalization and the risk of HCC and death/transplantation,
which is independent of fatty liver disease, VR, and HBeAg
seroclearance. However, on-treatment ALT normalization
should not be interpreted as a criterion for discontinuation of
NUCs.

Our previous study showed that the achievement of HBsAg
seroclearance during NUC treatment is significantly associated
with improved clinical outcomes and can be used as a criterion for
a safe discontinuation of the therapy (13). However, HBsAg
seroclearance is rare, if ever achievable, and needs long-term
(almost indefinite) NUC therapy in most patients with CHB.
Without HBsAg seroclearance, HCC can occur even during long-
term continuous treatment with highly potent NUCs, as re-
peatedly demonstrated by our study and other studies (14–17).
Therefore, in this study, we focused on the validation of surrogate
endpoints during continuous treatment with highly potent
NUCs.

The clinical benefit of on-treatment VR during continuous
NUC therapy has been demonstrated in a randomized trial
comparing lamivudine and placebo (18). Therefore, VR has been
considered a key indicator of a good treatment response (3,4).
However, with the current preferred NUCs (ETV, TDF, or
tenofovir alafenamide [TAF]), most patients achieve VR with
negligible risk of drug resistance during long-term therapy
(19–22). The lack of an association between VR and HCC risk in
this study may be explained by the fact that most patients ach-
ieved VR, and even those without VRmaintained a very low level
of viremia (HBV DNA level , 2,000 IU/mL).

VR is often associated with normalization of ALT levels.
Failure of ALT normalization despite VR with potent antiviral
treatment could reflect the presence of nonviral causes of elevated
ALT, such as fatty liver disease. Indeed, patients who had no risk

factors for metabolic syndrome, which is highly related to fatty
liver disease, were more likely to achieve ALT normalization
during antiviral treatment (20,21). This suggests that the presence
of metabolic syndrome may have a negative impact on ALT
normalization during antiviral treatment. Nonetheless, in this
study, the association of early ALT normalization with a lower
HCC risk was observed regardless of the presence of fatty liver
disease. This implies that there could be a still unrevealed
mechanism. Other viral or host factors that are not readily sus-
ceptible to the profound suppression of viral replication may be
associated with a prolonged elevation of ALT and continued risk
of HCC. These factors may include pre-existing integration of
HBV DNA into the host genome and clonal expansion of
transformed hepatocytes (23–26), which may be present before
the treatment onset and cause persistent instability of hepatocytes
during treatment. Further studies are needed to clarify these
hypotheses.

Considerable attention has been given to on-treatment ALT
normalization because several recent studies have shown that the
rate of ALT normalization would be different among patients
using different NUCs, and that early on-treatment ALT nor-
malization is associated with clinical outcomes. In 2 phase 3 trials
comparing TAF with TDF (20,21,27), the rate of ALT normali-
zation was significantly higher in the TAF group than in the TDF
group at all time points. Even after excluding the risk factors for
metabolic syndrome in the analysis, the TAF group still had
a significantly higherALTnormalization rate than theTDF group
(57% vs 42%, respectively) (20,21). Interestingly, in our recent
historical cohort study, TDF treatment was associated with
a significantly higher rate of ALT normalization at 1 year of
treatment and a significantly lower risk of HCC compared with
ETV treatment (17). These results suggest that a NUC for HBV is
not like the other in terms of ALT normalization rate and also
possibly HCC risk.

This study results also raise the question regarding the optimal
on-treatment monitoring strategies for patients with CHB, es-
pecially in resource-limited settings in low- and middle-income
countries. To widen the treatment coverage in low- and middle-
income countries, it is essential to develop simple and validated
on-treatment monitoring strategies that are feasible and afford-
able (28,29). This is especially important because current NUC
treatment should be continued lifelong for most patients, and the
cost of NUC treatment should no longer be the main obstacle
(,US$ 50 per year) (30). Our results suggest that on-treatment
ALT levels could be used as a single validated surrogate biomarker
to assess the long-term clinical benefit in situations inwhichHBV
DNA and HBeAg tests are not feasible, provided that highly
potent antiviral agents can be used with high level of medication
adherence.

This study has several limitations. First, owing to the nature
of a historical cohort study, some unavoidable biases may exist.
Because surrogate endpoints occurring at different time points
were evaluated, care was taken not to overestimate the impact of
surrogate endpoints owing to immortal time bias. Therefore,
multiple rigorous statistical methods were used, including
landmark analysis at 2 different time points and time-dependent
Cox regression analysis. Second, the population selected for this
study included only patients of Korean ethnicity, which is
mostly infected by HBV genotype C. Thus, the findings of this
study should be validated in patients with CHB of other eth-
nicities and HBV genotypes. Third, this real-world study used

© 2020 by The American College of Gastroenterology The American Journal of GASTROENTEROLOGY

LI
VE

R

Earlier ALT Normalization During Antiviral Treatment 7

Copyright © 2020 by The American College of Gastroenterology. Unauthorized reproduction of this article is prohibited.

http://links.lww.com/AJG/B339
http://links.lww.com/AJG/B339


ultrasonographic criteria for the diagnosis of fatty liver and
cirrhosis in part. This may underestimate the prevalence of
cirrhosis or fatty liver in the study population. However, the
prevalence of fatty liver in this study (24.5%) was similar to the
prevalence of histologically proven fatty liver (21.8%) among
patients with CHB in South Korea (31). Fourth, there would be
a possibility that intermittent elevation of ALT levels during
treatment was not captured in our study. Finally, recent
advances in imaging techniques for HCC diagnosis and as-
sessment of hepatic fibrosis and fatty liver were not applicable to
our study, and liver biopsy was not conducted in most of our
patients.

In conclusion, our comprehensive analysis including a large
number of patients with CHB treated with ETV or TDF dem-
onstrated that earlier ALT normalization was independently as-
sociated with significantly lower risks of HCC and death/
transplantation, after adjustment of fatty liver at baseline and
achievement of VR during treatment. Although the biological
mechanism that explains this association should be the subject of
future studies, our results suggest that efforts should be made to
achieve ALT normalization as early as possible during NUC
treatment to minimize the risk of HCC and mortality.
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