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Antiviral therapy leads to histological improvement of 
HBeAg-negative chronic hepatitis B patients

Nikolaos Papachrysosa, Prodromos Hytirogloub, Lavrentios Papalavrentiosa, Emmanouil Sinakosa, 
Ioannis Kouvelisa, Evangelos Akriviadisa
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Abstract Background We investigated hepatic histological changes in a cohort of HBeAg-negative chronic 
hepatitis B (CHB) patients (n=50) under long-term antiviral treatment in clinical practice.

Methods Liver biopsies were obtained at baseline and aft er prolonged antiviral treatment with 
lamivudine (42/50), entecavir (6/50), telbivudine (1/50), or tenofovir (1/50). Due to viral resistance 
to lamivudine a nucleotide analog was added in 17  patients (adefovir n=11; tenofovir n=6). 
Twenty-two patients had initially received a 12-month course of pegylated interferon-α, followed 
by nucleos(t)ide analogs. Necroinfl ammatory activity was graded as 1-minimal (histological 
activity index [HAI]: 0-3), 2-mild (HAI: 4-8), 3-moderate (HAI: 9-12), or 4-severe (HAI: 13-18); 
staging was performed according to the METAVIR system.

Results Twenty-seven patients were male and 23  female; mean age was 46.9±10.7 years. Mean 
interval between biopsies was 72.6±27.8  months. Improvement in activity was observed in 
31/42 patients (74%) (mean drop -1.1 grade, SD=1.0), and in histological staging in 24/50 patients 
(48%) (mean drop -0.56 stage, SD=0.73). Importantly, the repeat biopsies of 5/10 patients with 
initial stage F4 were classifi ed as F3 (n=3), F2 (n=1) or F1 (n=1). Worsening of staging was 
observed in only one patient. Development of resistance to lamivudine had no signifi cant eff ect 
on stage improvement.

Conclusions Sustained hepatitis B virus suppression with antiviral treatment in HBeAg-negative 
CHB patients leads to reduction in necroinfl ammatory activity and improvement in staging, 
regardless of transient viral breakthrough. Potent antivirals in common clinical use for CHB can 
even lead to regression of fi brous septa and architectural improvement of cirrhotic livers.
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Introduction

Chronic hepatitis B (CHB) infection aff ects an estimated 
400 million people worldwide and continues to be an 
important cause of morbidity and mortality [1]. CHB oft en 
leads to cirrhosis and hepatocellular carcinoma (HCC). It has 
been shown that progression to cirrhosis in CHB is correlated 

with the hepatitis B virus (HBV) levels, ranging from 4.5% in 
patients with low HBV DNA levels (<300 copies/mL) to 36.2% 
in patients with high viral replication (>106 copies/mL), aft er a 
mean follow up of 11 years [2]. Other studies have shown that 
signifi cant fi brosis is prevalent in a large proportion of HBeAg-
negative patients with high viremia and persistently normal 
alanine aminotransferase (ALT) [3,4].

Liver fi brosis represents the wound healing response of 
the liver to persistent liver injury. Most importantly, chronic 
infl ammation leads to the transformation of hepatic stellate 
cells (HSCs) from the quiescent status (vitamin A-storing 
cells) to activated myofi broblasts secreting matrix proteins, 
including collagens [5-8]. Until recently, it was believed that 
fi brosis occurring in the course of chronic hepatic diseases is 
irreversible. However, the ability of HSCs to apoptose or return 
to the quiescent phase, in conjunction with the regenerative 
capacity of hepatic cells, led to the conclusion that liver fi brosis 
is reversible [9-11]. Th is has already been shown in animal 
models, in which removing the underlying source of liver injury 
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results in elimination of activated HSCs and transformation of 
scar matrix into normal extracellular matrix [12,13]. Moreover, 
with the advent of eff ective therapies for various liver diseases, 
including chronic viral hepatitis, reports of histological 
improvement in cases with fi brosis, as well as cirrhosis, are 
continuously accumulating in the literature [14-25].

Long-term antiviral treatment with nucleos(t)ide analogs 
(NUCs) suppresses HBV replication, delays disease progression 
and contributes to resolution of fi brosis. Lamivudine was the 
fi rst agent achieving reversal of clinical progression in patients 
with advanced fi brosis [26-27]. Subsequent studies showed 
improvement in histology with the use of newer NUCs, such as 
adefovir, entecavir, and tenofovir [28-31]. However, these studies 
were large randomized trials. Limited data exist on histological 
response to treatment in HBeAg-negative patients in everyday 
clinical practice. Th e aim of our study was to determine if long-
term treatment with NUCs in clinical practice is associated with 
histological improvement in HBeAg-negative CHB patients 
and to analyze factors contributing to such an improvement.

Patients and methods

Study design and population

Patients presenting at the Fourth Unit of Internal Medicine 
of the Aristotle University of Th essaloniki between January 
1998 and December 2011 were included in this study. All 
patients were required to have documented HBV mono-
infection, HBeAg-negative, as well as available baseline liver 
biopsy and HBV DNA measurements. A  total of 258 eligible 
patients were started on antiviral treatment within this time 
range. We performed a second biopsy to patients who agreed to 
participate to our study. Th ere was no other clinical indication 
for the control biopsy. A  second biopsy aft er prolonged 
treatment was available in 52 of the 257 patients. From these 
52  patients, one had hepatitis delta virus co-infection and 
one had concomitant steatohepatitis. Th ese 2  patients were 
excluded from the study analysis, leaving 50  patients as our 
study population. Once the study population was defi ned, a 
retrospective chart review was performed in order to retrieve 
the demographic and laboratory data of these patients.

Drug administration

Th e great majority of patients originally received lamivudine 
(n=42, 84%), whereas six received entecavir, one telbivudine, 
and one tenofovir, all in the recommended dosages. Due to 
viral resistance to lamivudine, a NUC was added in 17 patients 
(adefovir n=11; tenofovir n=6). In addition, one patient was 
subsequently switched from adefovir to tenofovir during the 
study period. Currently, these 17 patients have been switched 
to tenofovir monotherapy. Twenty-two of the 50 patients had 
initially received a 12-month course of pegylated interferon 
(pegIFN)-α, followed by NUCs.

Follow-up patient evaluation

Th e patients were routinely followed-up every 6 months for 
evaluation of liver enzymes. HBV DNA measurements were 
performed every 6-12  months in patients receiving NUCs 
and adefovir and every 12-24 months in patients on treatment 
with tenofovir. Serum samples for virological and biochemical 
examinations were assessed in local laboratories. Serum HBV 
DNA levels was assayed using the Cobas Amplicor HBV test 
(Roche Molecular Systems, detection limit <6 IU/mL). Values 
were matched in time (±12  weeks) with the corresponding 
long-term biopsy. In addition, ultrasound examination and 
α-fetoprotein measurements were performed every 6 months 
in patients with advanced fi brosis or cirrhosis.

Paired liver biopsy specimens were compared in all patients. 
All specimens were evaluated by a single histopathologist 
(PH). In each biopsy, necroinfl ammatory activity was assessed 
with the modifi ed histological activity index (HAI) [32], 
and was classifi ed into 4 categories: 1-minimal (HAI: 0-3); 
2-mild (HAI: 4-8); 3-moderate (HAI: 9-12); and 4-severe 
(HAI: 13-18). Determination of stage was made on Masson 
trichrome-stained sections using the 5-stage METAVIR system 
(F0-F4) [33].

Statistical analysis

Continuous variables were presented as means ± standard 
deviations or medians (range). Comparisons between the two 
groups were performed using independent t-tests if values were 
normally distributed, or by the Wilcoxon rank sum test if the 
distribution was not normal. Frequency data were presented as 
numbers and percentages, and were compared using the chi-
square test or the Fisher’s exact test, as appropriate.

Results

Study population

All the patients of the study were Caucasian and had 
HBeAg-negative CHB. Th e baseline characteristics of the study 
patients are shown in Table 1. Th e distribution of the baseline 
necroinfl ammatory activity is shown in Fig.  1A, and the 
distribution of the baseline METAVIR fi brosis score in Fig. 2A. 
Twenty patients (40%) had a METAVIR score ≥F3, indicating 

Table 1 Demographic and baseline characteristics of the patients
Number of patients 50

Age, mean (years), range 46.9±10.7, 17-66

Male, n (%) 27 (54%)

HBV-DNA, mean (IU/ml), range 7.8×107, 0-2×109

AST, mean (U/ml), range 77±66, 18-246

ALT, mean (U/ml), range 115±124, 19-516
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advanced fi brosis or cirrhosis. All liver samples had length of at 
least 15 mm. Baseline biopsy specimens had a mean length of 
21.4 mm, and follow-up biopsy specimens had a mean length 
of 29.0mm. Th e mean time on antiviral treatment at the time 
of the follow-up biopsy was 72.6±27.8 months.

Histological response

Th irty-six patients (72%) had improved histological 
activity in the follow-up compared to baseline biopsy. Th e 
mean reduction in the modifi ed HAI score was 1.1±1.06 
point. Th e change in the distribution of the histological 
activity between baseline and follow-up biopsies is shown in 
Fig. 1. In addition, 24 patients (48%) had improved METAVIR 
fi brosis score of at least 1 point when the two biopsies were 
compared. Th e mean reduction in METAVIR fi brosis score 
was 0.56±0.73 points. Th e change in the distribution of the 

METAVIR fi brosis scores between baseline and follow-up 
biopsies is shown in Fig. 2.

One of the 50 patients (2%) had an increase in METAVIR 
fi brosis score, rising from F2 at baseline to F3 at the follow-up 
biopsy. Th e fi rst biopsy length in this patient was 27 mm and 
the second one 29  mm. Th is patient had undetectable HBV 
DNA and normal transaminase levels at the time of follow-up 
biopsy. Of note, the HAI was minimal (HAI=1) in the second 
biopsy specimen. Th e patient two years before the follow-
up biopsy, had developed viral resistance to lamivudine and 
received rescue treatment with adefovir.

Assessment of factors predicting improvement in staging

No signifi cant diff erence in the time intervals between the 
two biopsies was found when patients with improvement in 
staging were compared with patients with no improvement 
or worsening in staging (79 vs. 67 months, P=0.13). Patients 
with improvement in staging tended to have lower aspartate 
aminotransferase and ALT levels, but this did not reach 
statistical signifi cance (22 vs. 33, P=0.25 and 25 vs. 49, P=0.29, 
respectively).

Patients with CHB of advanced stages

Twelve of the 20  patients (60%) with advanced fi brosis 
or cirrhosis (METAVIR score ≥F3) at baseline had at least a 
1-point reduction in METAVIR score at follow-up biopsy, 
with a mean score drop of 0.80 points. Ten of the 20 patients 
had cirrhosis (METAVIR score: F4) at baseline; fi ve of them 
had improvement in their stage (3  patients to F3, 1 to F2 
and 1 to F1). Fig. 3 shows a case of cirrhosis with regression 
of fi brosis and architectural improvement aft er long-term 
antiviral therapy.

Figure 3 Representative areas of liver biopsy specimens, obtained 
from a 51-year-old chronic hepatitis B patient before initiation of 
treatment (A,B) and aft er 8 years with lamivudine treatment (C, D). 
Improvement in staging from F4 to F1 is evident. (Masson trichrome 
strain, X100)
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Figure 2 (A,B) Distribution of METAVIR fi brosis score at baseline and 
at the time of long-term biopsy (mean time interval: 72.6 months)
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Figure 1 (A,B) Distribution of necroinfl ammatory activity (modifi ed 
histological ativity index [HAI] score) at baseline and at the time of 
long-term biopsy (mean time interval: 72.6 months)
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Patients who developed virological breakthrough

Seven of the 17 patients (41%) who developed virological 
breakthrough to lamivudine had at least a 1-point reduction 
in METAVIR score at follow-up biopsy. Th e time interval 
between the virological breakthrough and the follow-up biopsy 
was 4.2±2.6 years. All patients were rescued with addition of 
a NUC. Mean score drop was 0.47 points. No signifi cant 
diff erence in the mean score drop was observed when patients 
who developed virological breakthrough were compared 
with those who did not (0.47  vs. 0.61, P=0.54). Only one of 
the patients (6%) had a worsening of METAVIR fi brosis score 
rising from F2 to F3 at the follow-up biopsy.

Patients who received IFN treatment

Twenty-two of the 50 patients (44%) had initially received a 
12-month course of pegIFN-α, followed by NUCs. IFN group 
had improved the fi brosis stage by 0.43 points in comparison 
to the patients who had not received IFN which improved the 
stage by 0.63 points. We observed no statistical diff erence in 
the fi brosis regression between the two groups (P=0.33).

Discussion

Th e eff ect of long-term treatment with NUCs on the 
histological changes is evaluated in this cohort of HBeAg-
negative Caucasian CHB patients treated in everyday clinical 
practice. Aft er a mean treatment period of approximately 
6  years, improvement in necroinfl ammatory activity was 
achieved in 72% and improvement in METAVIR staging in 
48% of the patients, including 60% of those with advanced 
fi brosis or cirrhosis. Patients who developed transient 
virological breakthrough during their course of treatment 
also experienced improvement in staging, suggesting that 
regression of fi brosis is not hindered in this subpopulation, 
when early rescue with a second antiviral agent is provided. 
Our fi ndings can be explained as follows: repression of HBV 
replication with antiviral drugs leads over time to reduction 
in infl ammatory cell infi ltration in the liver, Kupff er cell 
deactivation and stellate cell apoptosis or return to quiescence 
(9-11); then excess fi brous tissue can be resorbed and hepatic 
architecture can be restored.

Regression of cirrhosis following treatment with a NUC 
(lamivudine) was fi rst reported in 2000, in a CHB patient, who 
underwent a series of biopsies [34]. Th is report was followed by 
a few case series of CHB patients with regression of cirrhosis 
aft er treatment [35-37]. Important data regarding histological 
improvement aft er treatment with NUCs were also derived 
from randomized trials. During a 3-year study of lamivudine in 
NUC-naïve, HBeAg-negative patients, 56% of the participants 
showed improvement in histological staging [27]. Th e 
histological outcome of adefovir-treated patients was evaluated 
in two cohorts. In the fi rst study assessing HBeAg-negative 

patients, 55% (12/22) of the patients treated for 4  years, and 
71% (17/24) of the patients treated for 5 years had improvement 
in Ishak fi brosis score [28]. In the second study assessing 
HBeAg-positive patients, 60% (9/15) of the patients with paired 
biopsies showed improvement in fi brosis [29]. In a more recent 
study, including 57 NUC-naïve patients from two phase III 
entecavir trials, fi brosis stage was evaluated aft er approximately 
6  years [30]. Th e study showed a signifi cant improvement in 
Ishak fi brosis score in 88% of the patients, with a mean decline of 
1.53. Recently tenofovir treatment was shown to lead to fi brosis 
improvement, including cirrhosis regression, in the majority of 
patients included in the pivotal trials of this drug [31]. Fift y-one 
percent of the 348 patients with paired biopsies (at baseline and 
at week 240) had regression of fi brosis in their follow-up biopsy. 
Importantly, 71 of 96 patients with Ishak stage 5 or 6 (74%) were 
found not to have cirrhosis at week 240.

Clinical trials off er the chance to evaluate large population 
samples in a predefi ned way. However, many patients are 
oft en excluded from these trials for various reasons, thus 
making their results diffi  cult to interpret in clinical practice. 
It is important for clinicians to know that antiviral therapy for 
CHB leads also to fi brosis regression in the setting of everyday 
clinical practice, where all patients are included, as shown by 
our study. Moreover it is of interest that such improvement can 
be achieved despite the emergence of viral resistance, provided 
that antiviral therapy with a potent NUC is promptly initiated.

Forty-eight percent of the patients in our study experienced 
improvement in METAVIR score within a mean period of 
approximately 6  years of treatment. Notably, regression of 
cirrhosis was found in a similar percentage of our patients 
(5 out of 10). Currently, cirrhosis is considered as a dynamic 

Summary Box

What is already known:

• Liver fi brosis is a dynamic process, potentially 
reversible

• Antiviral therapy in patients with chronic 
hepatitis  B (CHB) can delay disease progression 
and contribute to resolution of fi brosis

• Clinical observations of long-term treatment 
with nucleos(t)ide analogs (NUCs) are missing, 
especially in Caucasian patients with HBeAg-
negative CHB

What the new fi ndings are:

• Antiviral therapy with NUCs can lead to regression 
of fi brosis in a heterogenic group of patients with 
HBeAg-negative CHB treated in clinical practice

• Development of transient virological breakthrough 
does not hinder the regression of fi brosis when 
early rescue with a second antiviral agent is 
provided
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stage in the evolution of chronic liver diseases, with the 
potential to regress, particularly in cases without severe 
architectural distortion and where eff ective treatments are 
available [38]. Only one patient of our study showed worsening 
of his METAVIR score, although he had marked improvement 
in other histological, biochemical, and virological parameters. 
Th is patient did not have evidence of advanced fi brosis in 
the baseline biopsy specimen and may represent the known 
limitations of liver biopsy (sampling error).

In conclusion, our data show that long-term antiviral 
therapy in clinical practice can lead to regression of fi brosis and 
hepatic architectural improvement in patients with HBeAg-
negative CHB. Th us, histological improvement could become 
a rational endpoint of treatment and an important motivation 
factor for such patients.
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