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Antiviral therapy of chronic hepatitis B remains a major clinical challenge (1). On the one 

hand, the development of new antivirals has been shown to be efficacious in controlling viral 

replication, decreasing the inflammatory activity within the liver and preventing the progression 

of chronic hepatitis towards its main complications including decompensation of liver cirrhosis 

and development of hepatocellular carcinoma (2). On the other hand, due to the unique 

mechanism of viral replication and persistence of HBV in infected individuals (3), long-term 

antiviral therapy is required in most individuals and thus places the patients at risk of selecting 

drug resistant mutants and of developing progressive liver disease (4). Therefore, new anti-HBV 

agents are needed in the armory for combating chronic hepatitis B and to design the best 

management strategies.  

The recent approval of entecavir in the USA and in Europe is providing, as a newcomer, 

new hope for the treatment of HBV chronically infected patients. In clinical trials, entecavir 

administration for one year has shown a clear antiviral potency with more marked viral load 

suppression and a significant benefit in liver histology improvement as compared to lamivudine 

therapy. Its clinical efficacy was demonstrated in large numbers of patients enrolled in different 

phase III studies covering the most relevant clinical situations, including HBeAg –positive and –

negative patients and lamivudine refractory patients (5-7). These results allowed the approval of 

entecavir for the treatment of chronic hepatitis B by the FDA and EMEA. However, clinically 

relevant recommendations can only come from long-term evaluation.  Thus, results from studies 

beyond one year of therapy are urgently needed. Indeed, one of the major problems faced by 

anti-HBV therapy is the slow kinetics of cccDNA clearance from the infected liver using 

nucleoside analogs either as monotherapy (3) or in combination with pegylated interferon-alpha 

(8). One study performed in chronically infected woodchucks showed the effect of long-term 

entecavir treatment on cccDNA clearance without selection of drug resistant mutants (9). 

 As a result of viral persistence, the subsequent selection of drug resistant mutants from 

the viral quasi-species was considered inevitable with nucleoside analog monotherapy, as 

clearly shown by lamivudine and adefovir studies. The first cases of entecavir resistance were 

observed in patients receiving entecavir for lamivudine failure (10). In this population of patients, 

genotypic resistance to entecavir was observed in 10 out of 141 patients and virologic 

breakthrough in two patients after one year of therapy (5). The resistance mutations were 

characterized genetically and phenotypically, and were shown to occur on a lamivudine-

resistance mutation background. From these studies, a two hit model was suggested. The initial 

requirement for lamivudine resistance mutations was suggested by studies showing that these 

mutants have an approximately 10 fold reduced sensitivity to entecavir in vitro (10, 11). 

Afterwards, one or two additional mutations are required on the same mutant genome to confer 

full resistance to entecavir (10). A few studies have shown that entecavir exhibits a selective 

pressure on lamivudine resistant mutants in lamivudine resistant patients and that mutants 

harboring additional polymerase gene mutations have a better replication capacity in the 



presence of entecavir leading to their selection and to virologic rebound (12). These mutants are 

then resistant to both lamivudine and entecavir (12, 13). Although in vitro data showed that these 

lamivudine and entecavir resistant strains are sensitive to adefovir and tenofovir, selection of 

these mutants raised the concern of entecavir resistance in nucleoside naive patients (12).  

In this issue of Hepatology, Colonno et al report the results of an extensive genotypic and 

phenotypic analysis of HBV isolates in 679 nucleoside naive patients who were enrolled in 

several phase III trials and received entecavir for up to two years (Reference from this issue of 

Hepatology). Entecavir reduced HBV DNA to undetectable levels by quantitative PCR in 91% of 

HBeAg-positive and -negative patients by Week 96. In lamivudine treated patients, 13% patients 

experienced a virologic rebound (1 log increase from nadir by PCR) in the first year, with 74% 

of these having evidence of lamivudine-resistance mutations. In contrast, only 3% (n=22) of 

entecavir-treated patients exhibited virologic rebound by Week 96. Three entecavir rebounds 

were attributable to lamivudine resistant virus present at baseline, one of which also had a 

S202G entecavir resistance substitution emerging at Week 48. None of the other isolates from 

rebounding patients had emerging genotypic resistance or loss of entecavir susceptibility. The 

study was very comprehensive, as the authors performed a genotypic analysis of all additional 

entecavir patients with PCR-detectable HBV DNA at Weeks 48, 96 or end of dosing. This 

allowed the identification of 7 additional patients with lamivudine resistant substitutions, including 

one with emerging lamivudine + entecavir resistance mutations. Generally, in entecavir treated 

patients who developed lamivudine resistance mutants, these strains were detectable at 

baseline (8/10) and most patients subsequently achieved undetectable HBV DNA levels on 

entecavir therapy (7/10). Other substitutions in the viral polymerase were identified in the HBV 

genomes of entecavir-treated patients, but none were associated with decreased ETV 

susceptibility by in vitro phenotypic analysis. 

The results of this important study raise several questions regarding the mechanism of 

selection of entecavir resistant strains and the management of chronic hepatitis B patients 

receiving antiviral therapy. It is interesting to note that several cases of virologic rebound were 

observed with only lamivudine resistance mutations, and fewer cases had both lamivudine and 

entecavir resistance substitutions. This may suggest that the decreased susceptibility of 

lamivudine resistant strains may not only be responsible for the selection of these strains during 

entecavir monotherapy, but in some cases, for virologic rebound. The authors also suggest that 

in nucleoside naïve patients who do not harbor lamivudine resistant strains at the initiation of 

treatment, no genotypic or phenotypic evidence of emerging entecavir resistance occurred while 

experiencing a virologic rebound on entecavir therapy. However, this can be challenged by the 

fact that drug resistant mutants pre-exist in the viral quasi-species in different amounts and the 

ability to detect them  is dependent on the sensitivity of the method. The authors acknowledged 

that two patients may have had pre-existing lamivudine resistant mutants at undetectable levels 



that were subsequently enriched during prolonged entecavir therapy. One of those patients 

developed a viral rebound without entecavir resistance mutations, and the other developed 

entecavir resistance mutations but did not present a virologic breakthrough.  

It is important to recall that due to the high error rate in HBV replication, all possible 

mutations can be generated spontaneously, and pre-existing lamivudine resistant mutants can 

be present at low frequencies in the viral quasi-species of nucleoside-naïve patients, as already 

shown in previous studies with other nucleoside analogs (14). If the lamivudine resistant mutants 

are selected during entecavir treatment because their susceptibility is lower than wild type HBV, 

resistance to entecavir may occur if additional entecavir resistant mutations are selected during 

continued treatment. The frequency and rapidity of development of entecavir resistance in 

nucleoside naïve patients may depend on the actual proportion of primary resistance mutations 

(i.e. the lamivudine resistance strains) in the viral quasi-species when treatment starts.  This  

highlights the importance of the sensitivity of the method when attempting to detect primary 

mutations. However, because of the potency of entecavir, HBV replication is rapidly suppressed 

and so the opportunity for the pre-existing lamivudine resistant mutants to be enriched and for 

additional entecavir resistant mutations to be selected is small in nucleoside naïve patients, 

provided that no specific enrichment of mutants occurs beyond two years of therapy. The 

scenario may not be the same in patients receiving entecavir for lamivudine failure, because the 

viral quasi-species is already enriched in primary resistance mutations (i.e. the lamivudine 

resistant strains). The results of previous clinical trials in this specific population have already 

shown a higher incidence of entecavir resistance after one year of therapy (5).  

Several studies have characterized the dynamics of HBV quasi-species during 

lamivudine therapy (15-17). To better understand the pathway towards entecavir resistance, a 

longitudinal analysis of viral quasi-species is mandatory together with an in vitro phenotypic 

analysis of the identified HBV mutants. This would tell us if spontaneous generation of 

lamivudine resistance mutants and/or their selection from the pre-treatment quasi-species by 

entecavir could provide a pathway towards entecavir resistance, and if lamivudine resistant 

strains can also be considered as true entecavir resistance mutants. The longitudinal genetic 

studies performed in lamivudine resistant patients who subsequently failed entecavir therapy 

may favor a two hit model where the lamivudine resistance mutations are selected first (primary 

resistance mutations) and the entecavir resistance mutations are acquired in a second step to 

restore the fitness of the virus in the presence of entecavir (secondary resistance mutations) (10, 

12). As this issue has clear clinical implications for the decision of treatment strategies, detailed 

HBV mutant fitness studies are required. By contrast to HIV, these studies have been hampered 

by the lack of easy to use cell-culture systems and animal models to investigate the fitness of 

these mutants, including their infectivity and their capacity to archive the mutations in cccDNA. 

Several in vitro and in vivo models are in development and may help in the understanding of this 



process of selection of drug resistant mutants (18, 19). Furthermore, based on results obtained 

in the woodchuck model regarding the kinetics of viral clearance and drug-resistant mutant 

selection, mathematical modeling allowed drafting of the hypothesis that treatment success is 

dependent on two main determinants: 1) the rate of hepatocyte lysis and cell turn-over involved 

in viral clearance; 2) the fitness of the drug resistant mutants, i.e. their capacity to spread in the 

liver in the presence of the antiviral drug, including their capacity to outgrow wild type virus and 

emerge during treatment (20). These findings may have major implications regarding entecavir 

therapy, as this is a potent antiviral drug that exhibits a profound antiviral effect even on the 

lamivudine resistant strains that may represent the first step in the resistance process. In 

addition, the lamivudine + entecavir resistant strains may have an altered fitness which may 

hamper their spread in the liver, and therefore allow viral clearance despite their initial selection, 

depending on the rate of liver regeneration.  

This interesting publication raises many questions on the management of patients 

receiving entecavir therapy. Long-term clinical and virological studies are needed outside the 

setting of clinical trials to determine the incidence and clinical impact of entecavir resistance in 

both nucleoside naïve and lamivudine resistant patients. Based on the available results, 

recommendations should be given to monitor viral load carefully in patients undergoing entecavir 

therapy, even in those who are nucleoside naïve. In cases of viral breakthrough, characterization 

of viral strains and early adaptation of antiviral therapy should be recommended. An increase in 

viral load associated with the detection of “primary lamivudine resistance” mutation during 

entecavir therapy should lead to a change in antiviral therapy to avoid the risk of selecting the 

additional “secondary” mutations that would confer multi-drug resistance to both lamivudine and 

entecavir. While entecavir is potent and has a low resistance rate, it is not yet known whether it 

will be the ideal first line therapy as a single agent (21, 22). Long-term follow-up of entecavir 

treated patients with both genetic and phenotypic analysis of viral strains is required to 

determine the optimal use of entecavir. This will also avoid, in the long-run, the selection of 

multiple drug resistant strains in the hepatitis B treated population, as already characterized in 

some patients who have been carefully followed (13, 23). Clearly, the major question regarding 

antiviral therapy of chronic hepatitis B in the future remains the evaluation of a de novo 

combination therapy to prevent drug resistance (24).  

References 

1. Zoulim F. Antiviral therapy of chronic hepatitis B. Antiviral Res 2006; 71:206-15. 
2. Liaw YF, Sung JJ, Chow WC, Farrell G, Lee CZ, Yuen H, Tanwandee T, et al. 
Lamivudine for patients with chronic hepatitis B and advanced liver disease. N Engl J Med 
2004;351:1521-1531. 
3. Werle-Lapostolle B, Bowden S, Locarnini S, Wursthorn K, Petersen J, Lau G, Trepo C, et 
al. Persistence of cccDNA during the natural history of chronic hepatitis B and decline during 
adefovir dipivoxil therapy. Gastroenterology 2004;126:1750-1758. 



4. Zoulim F. Mechanism of viral persistence and resistance to nucleoside and nucleotide 
analogs in chronic Hepatitis B virus infection. Antiviral Res 2004;64:1-15. 
5. Sherman M, Yurdaydin C, Sollano J, Silva M, Liaw YF, Cianciara J, Boron-Kaczmarska 
A, et al. Entecavir for treatment of lamivudine-refractory, HBeAg-positive chronic hepatitis B. 
Gastroenterology 2006;130:2039-2049. 
6. Lai CL, Shouval D, Lok AS, Chang TT, Cheinquer H, Goodman Z, DeHertogh D, et al. 
Entecavir versus lamivudine for patients with HBeAg-negative chronic hepatitis B. N Engl J Med 
2006;354:1011-1020. 
7. Chang TT, Gish RG, de Man R, Gadano A, Sollano J, Chao YC, Lok AS, et al. A 
comparison of entecavir and lamivudine for HBeAg-positive chronic hepatitis B. N Engl J Med 
2006;354:1001-1010. 
8. Wursthorn K, Lutgehetmann M, Dandri M, Volz T, Buggisch P, Zollner B, Longerich T, et 
al. Peginterferon alpha-2b plus adefovir induce strong cccDNA decline and HBsAg reduction in 
patients with chronic hepatitis B. Hepatology 2006;44:675-684. 
9. Colonno RJ, Genovesi EV, Medina I, Lamb L, Durham SK, Huang ML, Corey L, et al. 
Long-term entecavir treatment results in sustained antiviral efficacy and prolonged life span in 
the woodchuck model of chronic hepatitis infection. J Infect Dis 2001;184:1236-1245. 
10. Tenney DJ, Levine SM, Rose RE, Walsh AW, Weinheimer SP, Discotto L, Plym M, et al. 
Clinical emergence of entecavir-resistant hepatitis B virus requires additional substitutions in 
virus already resistant to Lamivudine. Antimicrob Agents Chemother 2004;48:3498-3507. 
11. Brunelle MN, Jacquard AC, Pichoud C, Durantel D, Carrouee-Durantel S, Villeneuve JP, 
Trepo C, et al. Susceptibility to antivirals of a human HBV strain with mutations conferring 
resistance to both lamivudine and adefovir. Hepatology 2005;41:1391-1398. 
12. Villet S, Ollivet S, Pichoud C, Barraud L, Villeneuve JP, Trépo C, Zoulim F. Selection of a 
new hepatitis B virus mutant in a patient who failed successively lamivudine and entecavir 
therapy. Submitted.. 
13. Yim HJ, Hussain M, Liu Y, Wong SN, Fung SK, Lok AS. Evolution of multi-drug resistant 
hepatitis B virus during sequential therapy. Hepatology 2006;44:703-712. 
14. Seigneres B, Pichoud C, Ahmed SS, Hantz O, Trepo C, Zoulim F. Evolution of Hepatitis 
B Virus Polymerase Gene Sequence during Famciclovir Therapy for Chronic Hepatitis B. J Infect 
Dis 2000;181:1221-1233. 
15. Stuyver L, Van Geyt C, De Gendt S, Van Reybroeck G, Zoulim F, Leroux-Roels G, 
Rossau R. Line Probe Assay for Monitoring Drug Resistance in Hepatitis B Virus- Infected 
Patients during Antiviral Therapy. J Clin Microbiol 2000;38:702-707. 
16. Pallier C, Castera L, Soulier A, Hezode C, Nordmann P, Dhumeaux D, Pawlotsky JM. 
Dynamics of hepatitis B virus resistance to lamivudine. J Virol 2006;80:643-653. 
17. Durantel D, Carrouee-Durantel S, Werle-Lapostolle B, Brunelle MN, Pichoud C, Trepo C, 
Zoulim F. A new strategy for studying in vitro the drug susceptibility of clinical isolates of human 
hepatitis B virus. Hepatology 2004;40:855-864. 
18. Gripon P, Rumin S, Urban S, Le Seyec J, Glaise D, Cannie I, Guyomard C, et al. 
Infection of a human hepatoma cell line by hepatitis B virus. Proc Natl Acad Sci U S A 
2002;99:15655-15660. 
19. Dandri M, Burda MR, Zuckerman DM, Wursthorn K, Matschl U, Pollok JM, Rogiers X, et 
al. Chronic infection with hepatitis B viruses and antiviral drug evaluation in uPA mice after liver 
repopulation with tupaia hepatocytes. J Hepatol 2005;42:54-60. 
20. Litwin S, Toll E, Jilbert AR, Mason WS. The competing roles of virus replication and 
hepatocyte death rates in the emergence of drug-resistant mutants: theoretical considerations. J 
Clin Virol 2005;34 Suppl 1:S96-S107. 

21. Lampertico P. Entecavir versus lamivudine for HBeAg positive and negative chronic 

hepatitis B. J Hepatol 2006;45:457-460. 

22. Zoulim F. Entecavir: a new treatment option for chronic hepatitis B. J Clin Virol 

2006;36:8-12.23. Villet S, Pichoud C, Villeneuve JP, Trépo C, Zoulim F. Selection of a 

multiple drug resistant hepatitis B virus strain in a liver transplanted patient. Gastroenterology 
2006;in press. 
24. Zoulim F. Combination of nucleoside analogues in the treatment of chronic hepatitis B 
virus infection: lesson from experimental models. J Antimicrob Chemother 2005;55:608-611. 



 

  

 

 


