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Abstract

Background and study aims: There is ongoing debate whether 
antiviral therapy should be initiated in hepatitis B e antigen 
(HBeAg)-negative patients with normal alanine aminotransferase 
(ALT) levels but high HBV DNA levels >2,000 IU/mL. Since the 
need for antiviral therapy might be different between Asian and 
Caucasian patients, we studied the long-term disease outcome in 
Caucasian patients living in Western Europe.

Patients and methods: One hundred sixteen patients with high 
HBV DNA levels (>2,000 IU/mL) at diagnosis were included in 
the high viremia group, while those with HBV DNA <2,000 IU/
mL were used as controls (n = 327). All patients were Caucasian, 
HBeAg negative, had normal ALT levels and had no significant 
liver disease at diagnosis.

Results: Median follow-up was 7 + 9.8 years in the high viremia 
group and this was 10 + 12.5 years in controls. The cumulative 
probability of a liver-related event over 10 years was 4.8% vs 
0.0% in the control group (p=.008). In multivariable analysis, high 
viremia group was associated with the occurrence of a liver-related 
event (hazards ratio (HR) 95% confidence interval (CI): 1.20-11.98, 
p=.023). In this subgroup, older age at diagnosis (HR 95% CI: 1.01-
1.16, p=.023) predicted a higher risk of liver-related event. In the 
high viremia group, liver-related mortality was 0.9% and none of 
the patients developed hepatocellular carcinoma.

Conclusions: HBV DNA >2,000 IU/mL influences the long-term 
disease outcome in Caucasian HBeAg-negative patients living in 
Western Europe. Nevertheless, the risk of liver-related events is 
low. (Acta gastroenterol. belg., 2022, 85, 56-61).
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Introduction

Chronic hepatitis B virus (HBV) infection represents 
a serious health problem with approximately 257 million 
people chronically infected worldwide (1). The natural 
history of chronic HBV infection can be divided in 
four phases with a different disease outcome: HBeAg- 
positive chronic HBV infection (previously termed 
“immune tolerant” phase), HBeAg-positive chronic 
hepatitis B (“immune reactive HBeAg positive”), 
HBeAg-negative chronic infection (“inactive carrier”) 
and HBeAg-negative chronic hepatitis (2-4). Patients 
with chronic hepatitis suffer from moderate or severe 
liver necroinflammation with progression of fibrosis 
and consequently the risk of cirrhosis and hepatocellular 
carcinoma (HCC) development (2-4). Antiviral therapy 
in these patients prevents disease progression and 
improves survival (2-4).

Besides liver necroinflammation, several studies 
indicate that HBV DNA level is also a predictor for the 
development of cirrhosis and/or HCC (5,6). HBeAg-
negative patients with persistently normal alanine amino-
transferase (ALT) levels but with high HBV DNA levels 
> 2,000 IU/mL do not fit neatly into the criteria for 
HBeAg-negative chronic infection or HBeAg-negative 
chronic hepatitis. It is unclear whether patients in this 
subgroup are at risk for advanced liver disease and/or 
HCC and would benefit from antiviral therapy (7,8). 
In fact, the predictive value of high HBV DNA levels 
(> 2,000 IU/mL) on disease outcome in the setting of 
persistently normal ALT levels is limited to cohorts of 
Asian patients (5,6,9-22).

We conducted this long-term cohort study to elucidate 
the disease outcome in HBeAg-negative Caucasian 
patients living in Western Europe with normal ALT levels 
and HBV DNA > 2,000 IU/mL at diagnosis.

Methods

Study design and patients

We carried out a retrospective cohort study of 
patients with high HBV DNA levels (> 2,000 IU /mL) 
and persistently normal ALT levels at diagnosis who 
were under follow-up at one of the participating centres 
between 1 January 1987 and 31 July 2018. Persistently 
normal ALT level was defined as < 40 IU/L on three 
occasions at least two months apart over a period of one 
year (2-4,8). All patients were of Caucasian descent, 
negative for HBeAg and positive for HBeAg antibodies 
(anti-HBe). Supplementary inclusion criteria were 
HBsAg positivity for at least 6 months and a minimum 
observation period of one year at the participating 
centre. Patients were excluded if they were co-infected 
with hepatitis C, hepatitis D or HIV, had a history of 
significant alcohol use (more than 14 units and more than 
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clusive results (4,24,35). Moreover, during study period 
liver biopsy was mandatory for the reimbursement of 
antiviral therapy. Results from transient elastography and 
liver biopsies were evaluated according to the METAVIR 
classification (36).

Serum assays

Serological markers, including HBsAg, HBeAg, anti-
HBe, hepatitis C antibodies, hepatitis D antibodies and 
HIV antibodies were determined using conventional 
serological assays. Serum samples at baseline were stored 
at -20°C and up to 2002 quantitative HBV DNA was run 
at branched DNA signal amplification method developed 
by Chiron Diagnostics (Emeryville, CA). Later, HBV 
DNA was measured using a polymerase chain reaction 
(PCR); ABI Prism 7900HT (Applied Biosystems, Thermo 
Fisher Scientific, Waltham, MA) from 2003-2014 and 
Abbot RealTime HBV assay (Abbott Molecular Inc, Des 
Plaines, IL) from 2015 on.

Statistical analyses

Categorical data were expressed as frequencies (%) 
and continuous variables as median + interquartile range 
(IQR). For categorical endpoints, group differences were 
evaluated using a two-sided Chi-square test or Fisher’s 
exact test. For continuous endpoints, group differences 
were evaluated using Man-Whitney U test or Kruskal-
Wallis H test. Cumulative incidences of liver-related 
events or CAH were analysed with the use of the Kaplan-
Meier method. To avoid statistical repetition in the event 
that a patient experienced different types of liver-related 
events at different times, only the initial events were 
considered for statistical analysis.

Hazards ratio (HR) for the incidence of liver-related 
event or CAH was determined with Cox proportional 
hazards regression model. We employed backward multi-
variable regression model with the following variables: 
high viremia group (vs controls), age at diagnosis as a 
continuous variable, male gender (vs female), obesity 
(yes vs no) and ALT levels as a continuous variable.

To reduce the effect of potential confounders between 
high viremia group and controls, we supplementary con-
ducted a propensity score-matching analysis including 
all baseline characteristics (except HBV DNA levels). 
IBM SPSS Statistics for Windows, version 25 (IBM 
Corp, Amonk, NY) was used for all analyses. P values of 
< .05 were considered to indicate statistical significance.

Results

Characteristics of patients at baseline

Between 1 January 1987 and 31 July 2018, a total of 
443 patients were included in the study: 116 patients with 
baseline HBV DNA level > 2,000 IU/mL (study group 
or high viremia group) and 327 patients with HBV DNA 

7 units per week for men and women, respectively), those 
with signs of significant fibrosis at diagnosis (platelets 
< upper limit of normal, signs of portal hypertension on 
ultrasonography, transient elastography values > 9.0 kPa 
or on liver biopsy), those with coexisting chronic liver 
disease (e.g. NASH, autoimmune hepatitis), previous 
antiviral therapy or patients taking antiviral therapy 
(23,24).

We used patients with HBeAg-negative chronic 
infection seen during this period in the collaborating 
centres as controls, i.e. patients with persistently normal 
ALT levels and HBV DNA levels < 2,000 IU/mL at 
diagnosis (25).

Outcomes and follow-up evaluation

The primary endpoint was the development of a liver-
related event. This included compensated advanced 
stage of liver disease, decompensated cirrhosis, HCC or 
liver-related mortality. In the absence of clinical signs of 
decompensation, compensated advanced liver disease 
was considered on one or more of the following criteria 
according to the Baveno VI Consensus Workshop: 
transient elastography value > 10.0 kPa, liver biopsy 
showing severe fibrosis (F3) or cirrhosis (F4), upper 
gastrointestinal endoscopy showing gastroesophageal 
varices or a hepatic venous pressure gradient measurement 
value of >5 mmHg (26). Decompensated cirrhosis was 
diagnosed in the presence of complications of portal 
hypertension (upper gastrointestinal bleeding, ascites, 
hepatic encephalopathy) (26). HCC diagnosis was based 
on non-invasive criteria (typical hallmarks of HCC on 
multiphasic contrast-enhanced computed tomography 
(CT), multiphasic contrast-enhanced magnetic resonance 
imaging (MRI), gadoxetic-enhanced MRI or contrast-
enhanced ultrasound) or pathology (27).

The secondary endpoint was the progression to 
chronic active hepatitis (CAH). In line with international 
practice guidelines and in the absence of other reasons 
for ALT elevation, CAH was diagnosed when ALT levels 
increased to more than twice the upper limit of normal on 
two occasions at least two weeks apart, accompanied by 
HBV DNA levels > 2,000 IU/mL (2-4).

Body mass index (BMI) was calculated as kg/m2 and 
obesity was specified as BMI > 30 kg/m2. In addition 
to detailed medical history and physical examination at 
baseline, all patients underwent blood tests, including 
ALT levels, HBeAg, anti-HBe and HBV DNA levels 
and abdominal ultrasound and/or transient elastography 
and/or liver biopsy to assess liver disease severity. From 
2006 onwards, transient elastography was available 
for the determination of liver stiffness. According to 
international clinical practice guidelines, patients had 
regular monitoring assessments, including ALT, HBsAg, 
HBeAg, HBV DNA and fibrosis assessment (4,28-34). 
Liver biopsy was performed during follow-up in cases 
where biochemical results, HBV markers, abdominal 
ultrasound and/or transient elastography revealed incon-
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IU/mL and patients with HBV DNA levels between 2,000 
and 20,000 IU/mL, p = .850 (Supplementary file S2).

Chronic active hepatitis

There was a higher number of patients who developed 
CAH (10.3%) in the study group compared to controls 
(2.1%), p = .001 (Table 2). All patients with CAH 
initiated antiviral therapy. Last platelet level was < 150 
x 109/L in 3/19 (15.8%) patients who had developed 
CAH. The annual incidence rate of CAH development 
was 1.2% for the high viremia group and 0.2% for the 
controls, p < .001. The estimated cumulative incidence 

level < 2,000 IU/mL (controls). Comparison of both 
groups is illustrated in Table 1. Age at diagnosis (p = 
.883), male (p = .319) and obesity (p = .133) distribution 
was similar in both patient populations. Moreover, the 
high viremia group was comparable regarding serum 
ALT level (p = .072). Median follow-up was 7 + 9.8 
years in the high viremia study group and this was 10 + 
12.5 years in controls.

In the high viremia group, 39/116 (33.6%) had HBV 
DNA levels > 20,000 IU/mL and 77/116 (66.7%) had 
HBV DNA levels between 2,000 and 20,000 IU/mL.

Liver-related events

A liver-related event occurred in 6 (5.2%) vs 7 (2.1%) 
in controls, p = .112 (Table 2). None of the patients 
developed HCC. The annual incidence rate of a liver-
related event was significantly higher in the study group 
compared with the control group (0.6% vs 0.2%, p = 
.032). The estimated cumulative probability of liver-
related event in the high viremia vs control group was 
0.0% vs 0.0% at 5 years and 4.8% vs 0.0% at 10 years (p 
= .008; Figure 1).

In the high viremia study group, there was no 
difference in disease outcome between patients with 
HBV DNA levels > 20,000 IU/mL and those with HBV 
DNA levels 2,000-20,000 IU/mL (Supplementary file 
S1). The cumulative incidence of liver-related event at 5 
years (0.0% vs 0.0%) and 10 years (0.0% vs 6.5%) was 
comparable in patients with HBV DNA levels > 20,000 

Table 1. — Baseline characteristics in the study group and controls (n = 443)

Characteristic High viremia group
HBV DNA > 2,000

IU/mL
(n = 116)

Controls
HBV DNA < 2,000

IU/mL
(n = 327)

p Value

Age, years, median + IQR 31 ± 18.0 32 ± 18.0 .883
Male sex, n (%) 63 (54.3) 160 (48.9) .319
Obesity†, n (%) 14 (12.7) 26 (8.0) .133
ALT (IU/L), median + IQR 26 ± 11.0 23 ± 12.0 .072
Log10  HBV  DNA  level  (IU/mL), median + IQR 3.9 ± .98 1.7 ± 2.71 <.001

Characteristic High viremia group
HBV DNA > 2,000

IU/mL
(n = 116)

Controls
HBV DNA < 2,000

IU/mL
(n = 327)

p Value

Follow-up, years, median + IQR 7 ± 9.8 10 ± 12.5 .008
Liver-related events, n (%) 6 (5.2)  7 (2.1) .112
CAH, n (%) 12 (10.3)  7 (2.1) .001
Compensated advanced liver disease, n (%) 5 (4.3)  7 (2.1) .314
Decompensated cirrhosis, n (%) 1 (0.9) 0 (0.0) .262
HCC, n (%) 0 (0.0) 0 (0.0) ...
Liver-related death, n (%) 1 (0.9) 0 (0.0) .262

Abbreviations: IQR: interquartile range; ALT: alanine aminotransferase; HBV: hepatitis B virus; HBeAg: hepatitis B e antigen. 
† Obesity was specified as body mass index > 30 kg/m2.

Abbreviations: HBV: hepatitis B virus; IQR: interquartile range; CAH: chronic active hepatitis; HCC: 
hepatocellular carcinoma.

Table 2. — Disease outcome of the high viremia group and controls at the end of 
follow-up (n = 443)

Figure 1. — Cumulative probabilities of liver-related events in 
high viremia group vs controls (n = 443). Person-years were 
censored on the date of liver-related event, death or the last 
outpatient clinic visit, whichever came first.



HBV disease outcome in Caucasians	 59

Acta Gastro-Enterologica Belgica, Vol. 85, January-March 2022

with persistently normal ALT levels but high viremia 
(HBV DNA levels > 2,000 IU/mL) (2-4,8). Much of the 
data concerning the management of this high viremia 
group is derived from studies done in Asia (5,6,9-22). 
We found that in Caucasian patients with high viremia 
the estimated 10-year risk of a liver-related event was 
significantly higher (4.8%) than the patients with HBV 
DNA levels < 2,000 IU/mL (0.0%).

These results were consistently observed in our 
multivariable and propensity-score matched analyses. 
In the high viremia group, 39/116 (33.6%) patients had 
HBV DNA levels > 20,000 IU/mL and these patients 
had a comparable disease outcome to those patients with 
HBV DNA levels 2,000-20,000 IU/mL.

Natural history studies in mainly Asian patients have 
found a significant association between HBV DNA 
levels and a liver-related event irrespective of ALT levels 
(5,6). This raises the issue whether our patients with 
high viremia but normal ALT levels would benefit from 
antiviral therapy. Yet, there were no long-term studies 
in the Caucasian population living in Western Europe 
demonstrating a worse prognosis in the high viremia 
group compared to controls with HBeAg-negative 
chronic infection according to strict criteria and the use 
of high sensitive PCR-based assays, which have been 
introduced only recently in the last decade. Given the 
lack of evidence on long-term, our data may provide 
novel information on long-term disease endpoints. 
From the few short-term studies in Caucasian HBeAg-
negative patients with persistently normal ALT levels, 
only Papatheodoridis and colleagues (37) determined 
that those patients with HBV DNA level > 2,000 IU/mL 
had a higher probability of progression to CAH when 
compared to those with HBV DNA level < 2,000 IU/mL 
(37-42). Nonetheless, this study was limited by a short 
follow-up of 3 years and a small sample size of only 20 
patients with baseline HBV DNA levels > 2,000 IU/mL.

Although a 10.3% prevalence of CAH in our high 
viremia group is not negligible, liver-related mortality 
was 0.9% and none of the patients developed HCC. 
Therefore, stringent follow-up by specialist physician is 
recommended but since the long-term liver-related event 
is very low, antiviral therapy seems not be indicated in 
these patients. Older age at diagnosis was an independent 
predictor of a liver-related event in our study. Therefore, 
further studies are warranted to identify other predictors 

of CAH in the study group vs control group was 1.4% vs 
0.0% at 5 years and 18.2% vs 1.2% at 10 years (p < .001).

Within the high viremia study group, the occurrence of 
CAH was 3 (7.7%) in patients with HBV DNA levels > 
20,000 IU/mL and 9 (11.7%) in patients with HBV DNA 
levels 2,000-20,000 IU/mL, p = .547. (Supplementary 
file S1).

Factors predictive of liver-related event and chronic 
active hepatitis

In the total population, high viremia group (hazards 
ratio (HR) 95% confidence interval (CI): 1.20-11.98, p = 
.023), age at diagnosis (HR 95% CI: 1.00-1.09, p = .048) 
and male sex (HR 95% CI: 1.03-22.34, p = .045) were 
independently associated with a significantly higher risk 
of liver-related events (Table 3).

A selected analysis was conducted in the high 
viremia group (n = 116). In this subgroup 6 (5.2%) 
patients developed a liver-related event and older age at 
diagnosis (HR 95% CI: 1.01-1.16, p = .023) was the only 
independent predictor of a higher risk of liver-related 
event (Supplementary file S3).

In the multivariable analysis, the risk of CAH 
development was significantly higher in the high viremia 
group compared with controls (HR 95% CI: 2.67-19.00, 
p < .001).

Propensity score-matched analysis

In the propensity score-matched cohort, patients in the 
high viremia and control group did not differ significantly 
in baseline characteristics, except for HBV DNA levels 
(Supplementary file S4). A significantly higher risk of 
liver-related events (5.2% vs 2.7%, p = .033) and CAH 
development (10.3% vs 1.8%, p < .001) was shown in the 
high viremia group compared with controls.

Discussion

As illustrated in this study, patients with HBeAg-
negative chronic infection and HBV DNA levels < 
2,000 IU/mL have an excellent long-term prognosis 
and accordingly they are no candidates for antiviral 
treatment (2-4). However, there is still an ongoing debate 
regarding the management of HBeAg-negative patients 

Variables Univariate analysis Multivariable analysis

HR (95% CI) p Value HR (95% CI) p Value

Liver-related event

High-viremia group
Age, years
Male sex
Obesity†
ALT level

1.33-11.83
1.01-1.10
1.11-22.56
1.31-14.07
1.03-1.20

.014

.012

.037

.016

.007

1.20-11.98
1.00-1.09
1.03-22.34
.95-13.11
.97-1.15

.023

.048

.045

.059

.208

Table 3. — Factors predictive of liver-related event (n = 443)

Abbreviations: HR: hazards ratio; CI:confidence interval; ALT: alanine aminotransferase. † Obesity was specified as 
body mass index > 30 kg/m2.



60	 Ö.M. Koc et al.

Acta Gastro-Enterologica Belgica, Vol. 85, January-March 2022

GR supervised ÖK to collect data. Following statistical 
analysis of data, ÖK drafted the first version of the paper, 
the co-authors critically revised the article and approved 
the final version to be submitted, including the authorship 
list.

Ethical statement

Following Belgian and Dutch regulation, ethical 
approval was waived because of the retrospective 
character of our study.

Conflicts of interest and source of funding:

None declared.

Data Availability Statement

The data that support the findings of this study are 
available from the corresponding author upon reasonable 
request.

References

1.	 WORLD HEALTH ORGANIZATION, 2018, Hepatitis B, World Health 
Organization, viewed 5 May 2018 <http://www.who.int/mediacentre/
factsheets/fs204/en/>.

2.	 SARIN S.K., KUMAR M., LAU G.K., ABBAS Z., CHAN H.L., CHEN 
C.J., et al. Asian-Pacific clinical practice guidelines on the management of 
hepatitis B: a 2015 update. Hepatol. Int., 2016, 10(1): 1-98.

3.	 TERRAULT N.A., LOK A.S.F., MCMAHON B.J., CHANG K.M., HWANG 
J.P, JONAS M.M., et al. Update on prevention, diagnosis, and treatment of 
chronic hepatitis B: AASLD 2018 hepatitis B guidance. Hepatology, 2018; 
67(4): 1560-99.

4.	 EUROPEAN ASSOCIATION FOR THE STUDY OF THE LIVER. EASL 
2017 Clinical Practice Guidelines on the management of hepatitis B virus 
infection. Journal of hepatology, 2017, 67(2): 370-98.

5.	 CHEN C.J., YANG H.I., SU J., JEN C.L., YOU S.L., LU S.N., et al. Risk of 
hepatocellular carcinoma across a biological gradient of serum hepatitis B 
virus DNA level. JAMA, 2006, 295(1): 65-73.

6.	 ILOEJE U.H., YANG H.I., SU J., JEN C.L., YOU S.L., CHEN C.J., et al. 
Predicting cirrhosis risk based on the level of circulating hepatitis B viral 
load. Gastroenterology, 2006, 130(3): 678-86.

7.	 CHAO D.T., LIM J.K., AYOUB W.S., NGUYEN L.H., NGUYEN M.H. 
Systematic review with meta-analysis: the proportion of chronic hepatitis B 
patients with normal alanine transaminase </= 40 IU/L and significant hepatic 
fibrosis. Aliment. Pharmacol. Ther., 2014, 39(4): 349-58.

8.	 PAPATHEODORIDIS G.V., MANOLAKOPOULOS S., LIAW Y.F., LOK 
A. Follow-up and indications for liver biopsy in HBeAg-negative chronic 
hepatitis B virus infection with persistently normal ALT: a systematic review. 
J. Hepatol., 2012, 57(1): 196-202.

9.	 KIM G.A., LIM Y.S., HAN S., CHOI J., SHIM J.H., KIM K.M., et al. High 
risk of hepatocellular carcinoma and death in patients with immune-tolerant-
phase chronic hepatitis B. Gut, 2018, 67(5): 945-52.

10.	XING Y.F., ZHOU D.Q., HE J.S., WEI C.S., ZHONG W.C., HAN Z.Y., et al. 
Clinical and histopathological features of chronic hepatitis B virus infected 
patients with high HBV-DNA viral load and normal alanine aminotransferase 
level: A multicentre-based study in China. PLoS One. 2018, 13(9): e0203220.

11.	 CHANG Y., CHOE W.H., SINN D.H., LEE J.H., AHN S.H., LEE H., et al. 
Nucleos(t)ide Analogue Treatment for Patients With Hepatitis B Virus (HBV) 
e Antigen-Positive Chronic HBV Genotype C Infection: A Nationwide, 
Multicenter, Retrospective Study. J. Infect. Dis., 2017, 216(11): 1407-14.

12.	WANG D., ZHANG P., ZHANG M. Predictors for advanced liver fibrosis in 
chronic hepatitis B virus infection with persistently normal or mildly elevated 
alanine aminotransferase. Exp. Ther. Med., 2017, 14(6): 5363-70.

13.	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(4): e0123452.

of compensated advanced stage of liver disease, decom-
pensated cirrhosis, HCC or liver-related mortality to 
allow a more targeted recommendation for antiviral 
treatment.

With regards to the absence of HCC development 
in our Caucasian study population living in Western 
Europe, one could question the recommendation of a 
strict screening protocol for the development of HCC 
with periodical abdominal ultrasound in these patients (2-
4). In this regard, FIB-4 score is a non-invasive scoring 
system that has been developed to estimate liver fibrosis 
and has also been associated with HCC development 
during 5 years of follow-up (43,44). PAGE-B score, 
which is based on a patient’s platelet, age and gender, 
has been developed to estimate the progression to 
HCC in treated Caucasian patients (5,45,46). However, 
more research is needed whether non-invasive scores 
could also predict the probability of HCC development 
in Caucasian patients with HBeAg-negative chronic 
infection and subsequently the need of stringent screening 
with abdominal ultrasound.

This study had some limitations. Due to the retro-
spective design of this study, liver biopsy was not 
conducted on a large scale and the histological changes 
remain mostly undefined. A transient elastography or 
liver biopsy to exclude significant fibrosis at diagnosis 
was available for the majority 324/443 (73%) of the study 
population. Intrinsic to the long-term evaluation from 
the year 1987 to 2018, international scientific societies 
have changed the follow-up programme of chronic HBV 
patients during the past 40 years. In addition, other 
risk factors such as quantitative HBsAg levels, HBV 
genotypes, HBV variants (basal core promoter; precore) 
were not available to evaluate if they might be associated 
with long-term outcome in Caucasian HBeAg-negative 
patients. However, these tests are not routinely available 
in standard practice as this study aimed to assess the 
long-term outcome and their predictors among Caucasian 
hepatitis B patients in real-life daily practice.

In conclusion, the level of HBV DNA affects the long-
term disease outcome in Caucasian HBeAg-negative 
patients living in Western Europe despite the absence of 
liver necroinflammation and significant liver disease at 
diagnosis. Nonetheless, the risk of liver-related events is 
too low to favor antiviral therapy but stringent follow-up 
for disease progression is recommended.

Acknowledgements

This research is part of the Limburg Clinical Research 
Center (LCRC) UHasselt-ZOL-Jessa, supported by the 
foundation Limburg Sterk Merk, province of Limburg, 
Flemish government, Hasselt University, Jessa Hospital 
and Ziekenhuis Oost-Limburg. Special thanks for Natalie 
Van den Ende for the data management.

Author contributions

ÖK, JV, GK, RB, DB, MG, GR and FN contributed 
to the conception and design of the study. FN, GK and 



HBV disease outcome in Caucasians	 61

Acta Gastro-Enterologica Belgica, Vol. 85, January-March 2022

31.	LOK A.S., MCMAHON B.J. Chronic hepatitis B: update 2009. Hepatology, 
2009, 50(3): 661-2.

32.	EASL CLINICAL PRACTICE GUIDELINES. Management of chronic 
hepatitis B. J. Hepatol., 2009, 50(2): 227-42.

33.	EASL CLINICAL PRACTICE GUIDELINES. Management of chronic 
hepatitis B virus infection. J. Hepatol., 2012, 57(1): 167-85.

34.	TERRAULT N.A., BZOWEJ N.H., CHANG K.M., HWANG J.P., JONAS 
M.M., MURAD M.H. AASLD guidelines for treatment of chronic hepatitis 
B. Hepatology, 2016, 63(1): 261-83.

35.	LI Y., HUANG Y.S., WANG Z.Z., YANG Z.R., SUN F., ZHAN S.Y., et al. 
Systematic review with meta-analysis: the diagnostic accuracy of transient 
elastography for the staging of liver fibrosis in patients with chronic hepatitis 
B. Aliment. Pharmacol. Ther., 2016, 43(4): 458-69.

36.	BEDOSSA P., POYNARD T. An algorithm for the grading of activity in 
chronic hepatitis C. The METAVIR Cooperative Study Group. Hepatology, 
1996, 24(2): 289-93.

37.	PAPATHEODORIDIS G.V., CHRYSANTHOS N., HADZIYANNIS E., 
CHOLONGITAS E., MANESIS E.K. Longitudinal changes in serum HBV 
DNA levels and predictors of progression during the natural course of HBeAg-
negative chronic hepatitis B virus infection. Journal of viral hepatitis, 2008, 
15(6): 434-41.

38.	MANESIS E.K., PAPATHEODORIDIS G.V., SEVASTIANOS V., 
CHOLONGITAS E., PAPAIOANNOU C., HADZIYANNIS S.J. Significance 
of hepatitis B viremia levels determined by a quantitative polymerase chain 
reaction assay in patients with hepatitis B e antigen-negative chronic hepatitis 
B virus infection. Am. J. Gastroenterol., 2003, 98(10): 2261-7.

39.	MARTINOT-PEIGNOUX M., BOYER N., COLOMBAT M., AKREMI R., 
PHAM B.N., OLLIVIER S., et al. Serum hepatitis B virus DNA levels and 
liver histology in inactive HBsAg carriers. J. Hepatol., 2002, 36(4): 543-6.

40.	OLIVERI F., SURACE L., CAVALLONE D., COLOMBATTO P., RICCO 
G., SALVATI N., et al. Long-term outcome of inactive and active, low 
viraemic HBeAg-negative-hepatitis B virus infection: Benign course towards 
HBsAg clearance. Liver international, 2017, 37(11): 1622-31.

41.	PAPATHEODORIDIS G.V., MANESIS E.K., MANOLAKOPOULOS 
S., ELEFSINIOTIS I.S., GOULIS J., GIANNOUSIS J., et al. Is there 
a meaningful serum hepatitis B virus DNA cutoff level for therapeutic 
decisions in hepatitis B e antigen-negative chronic hepatitis B virus infection? 
Hepatology, 2008, 48(5): 1451-9.

42.	Zacharakis G, Koskinas J, Kotsiou S, Tzara F, Vafeiadis N, Papoutselis M, 
et al. The role of serial measurement of serum HBV DNA levels in patients 
with chronic HBeAg(-) hepatitis B infection: association with liver disease 
progression. A prospective cohort study. J Hepatol. 2008; 49(6):884-91.

43.	XIAO G., YANG J, YAN L. Comparison of diagnostic accuracy of aspartate 
aminotransferase to platelet ratio index and fibrosis-4 index for detecting liver 
fibrosis in adult patients with chronic hepatitis B virus infection: a systemic 
review and meta-analysis. Hepatology, 2015, 61(1): 292-302.

44.	SUH B., PARK S., SHIN D.W., YUN J.M., YANG H-K., YU S.J., et al. High 
liver fibrosis index FIB-4 is highly predictive of hepatocellular carcinoma in 
chronic hepatitis B carriers. Hepatology, 2015, 61(4): 1261-8.

45.	PAPATHEODORIDIS G., DALEKOS G., SYPSA V., YURDAYDIN 
C., BUTI M., GOULIS J., et al. PAGE-B predicts the risk of developing 
hepatocellular carcinoma in Caucasians with chronic hepatitis B on 5-year 
antiviral therapy. Journal of hepatology, 2016, 64(4): 800-6.

46.	BROUWER W.P., VAN DER MEER A.J.P., BOONSTRA A., PLOMPEN 
E.P.C., PAS S.D., DEKNEGT R.J., et al. Prediction of long-term clinical 
outcome in a diverse chronic hepatitis B population: Role of the PAGE-B 
score. Journal of viral hepatitis, 2017, 24(11): 1023-31.

14.	WANG H., XUE L., YAN R., ZHOU Y., WANG M.S., CHENG M.J., et 
al. Comparison of histologic characteristics of Chinese chronic hepatitis B 
patients with persistently normal or mildly elevated ALT. PLoS One, 2013, 
8(11): e80585.

15.	SANAI F.M., HELMY A., BZEIZI K.I., BABATIN M.A., AL-QAHTANI A., 
AL-ASHGAR H.A., et al. Discriminant value of serum HBV DNA levels as 
predictors of liver fibrosis in chronic hepatitis B. Journal of viral hepatitis, 
2011, 18(7): e217-25.

16.	NAKAZAWA T., SHIBUYA A., TAKEUCHI A., SHIBATA Y., HIDAKA 
H., OKUWAKI Y., et al. Viral level is an indicator of long-term outcome of 
hepatitis B virus e antigen-negative carriers with persistently normal serum 
alanine aminotransferase levels. Journal of viral hepatitis, 2011, 18(7): e191-
9.

17.	BEKKU D., ARAI M, IMAZEKI F., YONEMITSU Y., KANDA T., 
FUJIWARA K., et al. Long- term follow-up of patients with hepatitis B e 
antigen negative chronic hepatitis B. J. Gastroenterol. Hepatol., 2011, 26(1): 
122-8.

18.	KUMADA T., TOYODA H., KIRIYAMA S., SONE Y., TANIKAWA M., 
HISANAGA Y., et al. Incidence of hepatocellular carcinoma in patients with 
chronic hepatitis B virus infection who have normal alanine aminotransferase 
values. J. Med. Virol., 2010, 82(4): 539-45.

19.	NGUYEN M.H., GARCIA R.T., TRINH H.N., LAM K.D., WEISS G., 
NGUYEN H.A., et al. Histological disease in Asian-Americans with chronic 
hepatitis B, high hepatitis B virus DNA, and normal alanine aminotransferase 
levels. Am. J. Gastroenterol., 2009, 104(9): 2206-13.

20.	PARK J.Y., PARK Y.N., KIM D.Y., PAIK Y.H., LEE K.S., MOON B.S., et al.. 
High prevalence of significant histology in asymptomatic chronic hepatitis B 
patients with genotype C and high serum HBV DNA levels. Journal of viral 
hepatitis, 2008, 15(8): 615-21.

21	 KUMAR M., SARIN S.K., HISSAR S., PANDE C., SAKHUJA P., 
SHARMA B.C., et al. Virologic and histologic features of chronic hepatitis 
B virus-infected asymptomatic patients with persistently normal ALT. 
Gastroenterology, 2008, 134(5): 1376-84.

22.	CHEN C.F., LEE W.C., YANG H.I., CHANG H.C., JEN C.L., ILOEJE U.H., 
et al. Changes in serum levels of HBV DNA and alanine aminotransferase 
determine risk for hepatocellular carcinoma. Gastroenterology, 2011, 141(4): 
1240-8.

23.	EASL CLINICAL PRACTICE GUIDELINES. Management of alcohol-
related liver disease. J. Hepatol., 2018, 69(1): 154-81.

24.	EASL-ALEH CLINICAL PRACTICE GUIDELINES. Non-invasive tests for 
evaluation of liver disease severity and prognosis. J. Hepatol., 2015, 63(1): 
237-64.

25.	KOC O.M., ROBAEYS G., TOPAL H., BIELEN R., BUSSCHOTS D., 
FEVERY J., et al. Outcome in Caucasian patients with hepatitis B e antigen 
negative chronic infection: A long-term observational cohort study. J. Med. 
Virol., 2020, 92(12): 3373-80.

26.	DE FRANCHIS R. Expanding consensus in portal hypertension: Report of 
the Baveno VI Consensus Workshop: Stratifying risk and individualizing care 
for portal hypertension. J. Hepatol., 2015, 63(3): 743-52.

27.	EUROPEAN ASSOCIATION FOR THE STUDY OF THE LIVER. EASL 
Clinical Practice Guidelines: Management of hepatocellular carcinoma. J. 
Hepatol., 2018, 69(1): 182-236.

28.	LOK A.S., MCMAHON B.J. Chronic hepatitis B. Hepatology, 2001, 34(6): 
1225-41.

29.	LOK A.S., MCMAHON B.J. Chronic hepatitis B: update of recommendations. 
Hepatology, 2004, 39(3): 857-61.

30.	LOK A.S., MCMAHON B.J. Chronic hepatitis B. Hepatology, 2007, 45(2): 
507-39.


