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Introduction

Chronic hepatitis B is a major public health problem

and there are an estimated 400 million people worldwide

infected with the Hepatitis B virus (HBV). It is one of the

most common causes of hepatic cirrhosis and hepatocar-

cinoma.1,2 The prevalence of chronic hepatitis B varies in

different geographic locations. In the Western countries,

hepatitis B is the third most common cause of chronic liv-

er disease after hepatitis C and alcohol.

The principle objective of treatment is to control the

replication of HBV and induce the remission of hepatic

disease in order to stop progression to cirrhosis and he-

patic cancer.3,4 Treatment is indicated for patients with ac-

tive inflammation, elevated aminotranferace (ALT) lev-

els, and viral replication (HBV-DNA positive). It is

agreed that patients with levels of HBV-DNA higher than

100,000 copies/mL should be treated.3 Currently, there

are three drugs approved for the treatment of chronic hep-

atitis B, the alfa interferons, lamivudine and adefovir

dipivoxil.3-6 Response to treatment is defined by normal-

ization of ALT levels, DNA negativity or levels less than

100,000 copies/mL, the loss of HBeAg and seroconver-

sion to anti-HBe. This response must occur during treat-

ment and continue at least 6 to 12 months after the end of

treatment.5

Interferons

For many years interferons have been the only treat-

ment available for chronic hepatitis B. They have a no-

table immunomodulatory and anti-viral effect. Meta-

analyses of interferons in patients with HBeAg positive

chronic hepatitis have shown their efficacy. HBeAg

negativity is induced in 30% of patients, while sponta-

neous negativity occurs in 10% of cases.3 HBsAg loss

occurs in 5% of cases in the first year and this increases
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to 11-20% after 5 years. Follow-up studies in responder

patients demonstrate that this response is stable and per-

sistent. In HBeAg positive chronic hepatitis, interferons

are administered subcutaneously in doses from 5 million

units daily to 10 million units 3 times per week for 16 to

24 weeks (Table I). In anti-HBe positive patients with

viral replication, interferons have a good response dur-

ing treatment but the maintained response once treat-

ment has ended is lower, between 10 and 40%. Further-

more, the recommended duration of treatment is at least

12 months at a dose of between 6 and 9 million units

three times per week (Table II).
The main drawbacks of the interferons are subcuta-

neous administration and their adverse events, which

are frequent and which sometimes limit their use in

treatment. The highest response to treatment is ob-

served in patients with elevated ALT levels and low

concentrations of HBV-DNA. Patients with advanced

hepatic cirrhosis or decompensated liver disease re-

spond badly to treatment and in many cases treatment

is contra-indicated. HBV mutations have not been de-

scribed in relation to treatment. Currently, studies are

being performed with pegelated interferon, which has a

longer half-life and permits once weekly administra-

tion. Preliminary results show a higher efficacy than

standard interferon.

Table I. Approved drugs for the treatment of HBeAg positive hepatitis

� Interferons

5-10 million units daily or 3 times per week subcutaneously for 16-

24 weeks

� Lamivudine

100 mg daily orally for at least 1 year. Recommended until

seroconversion is achieved.

� Adefovir

10 mg daily orally for at least 1 year . Recommended until

seroconversion is achieved.

Table II. Approved drugs for the treatment of HBeAg negative hepatitis

� Interferons

6-9 million units daily or thrice a week subcutaneously for at least 1

year.

� Lamivudine

100 mg daily orally for at least 1 year. Indefinately??

� Adefovir

10 mg daily orally for at least 1 year. Indefinately??
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Lamivudine

Lamivudine was the first orally administered antivi-

ral drug approved for the treatment of chronic hepatitis

B. Lamivudine is a nucleoside analogue, (-) enanti-

omer-2’, 3’-didoxy-3’-thiacitidine, and it has a potent

antiviral activity against the hepatitis B virus in vitro
as in vivo.8,9 The fundamental mechanism of action

consists of inhibiting the synthesis of viral DNA. This

inhibition is caused by the incorporation of lamivudine

monophosphate into recently synthesized HBV-DNA,

which interrupts that synthesis.8,9 Lamivudine does not

directly inhibit the production of viral proteins but its

suppressive action is a consequence of the inhibition of

the synthesis of viral DNA and the reduction in the

functioning pools of covalently closed circular DNA

(ccc-DNA). Due to this mechanism, the reduction of

HBeAg and HBsAg in serum occurs more slowly than

the reduction in viremia.9,10

Randomized studies with lamivudine (100 mg/day)

for one year included more than 700 patients from

Europe, Asia and the United States. These studies in

patients with HBeAg positive chronic hepatitis B dem-

onstrated that lamivudine could achieve seroconversion

to anti-HBe in 16 to 18% of treated patients compared

with 4 to 6% in controls.7-10 The virologic response was

associated with an improvement in necro-inflammatory

activity and hepatic fibrosis, a reduction in the pro-

gression to cirrhosis, and the normalization of ALT

levels.11-12 Lamivudine is also efficacious in patients

previously unresponsive to interferon, the response to

lamivudine being the same as in previously untreated

patients (18% seroconversion to anti-HBe with lami-

vudine).10

The accumulative rate of seroconversion to anti-

HBe was higher in patients with elevated ALT levels,11

and it increases progressively with longer lamivudine

treatment.12,13 Studies performed with Chinese patients

treated with lamivudine for more than 3 years have

demonstrated that the accumulative rate of seroconver-

sion increases from 22% after one year of treatment to

40% when treatment is prolonged to 3 years.13 Also, in

some patients, the appearance of anti-HBe antibodies

is followed by the loss of HBsAg and seroconversion

to anti-HBs.

The safety profile of lamivudine is excellent, similar

to placebo and this permits its use in patients with ad-

vanced hepatic illness and decompensated cirrhosis.

The response in hepatitis B patients with precore muta-

tions (anti-HBe positive) is similar to patients infected

by the wild type. Sixty five percent of patients treated

with lamivudine for one year presented negative HBV-

DNA and normal ALT levels.14 However, after the end

of treatment, this was maintained in only 12-14% of

cases.15

Lamivudine and HBV variants

In some patients, during treatment with lamivudine,

distinct variants in the nucleotide sequence of the HBV

genome have been identified.16-18 These variants are

seen in both immunocompetent and immunosup-

pressed patients, although they are more frequent in

the latter, i.e. liver transplanted patients and those in-

fected by the human immunodeficiency virus (HIV).

These variants are produced in the P gene, which codi-

fies the HBV polymerase, and commonly in the

YMDD motif of this region. Three types of changes

have been observed in and around the YMDD region

(amino acid sequence tirosine-methionine-aspartate-

aspartate).16-18 This region forms part of the site where

HBV polymerase DNA nucleotides connect. The vari-

ants most commonly detected consist of a substitution

of a methionine by a valine (M552V or M550V) or an

isoleucine (M552I or M550I) in this segment. Other

variants in amino acids before the YMDD region have

also been detected, such as the substitution of a isoleu-

cine for a methionine (L528M or L526M) which are

associated with variants M552V and M552I.

Kinetic enzyme analysis suggests that these changes

alter the interactions between the lamivudine triphos-

phate and the HBV polymerase, although the poly-

merase continues functioning.18 Therefore, the variants

in the YMDD region (YVDD, YIDD) can continue rep-

licating, despite the presence of lamivudine. In the end,

the pressure imposed by the lamivudine determines that

the mutated variants in the YMDD region become the

dominant HBV strain.19,20

YMDD variants do not multiply as efficaciously as the

wild type in vitro.19,20 This phenomenon has been verified

by molecular cloning technique. The altered DNA (with

mutations in the YMDD region) is transferred to tissue

culture cells and the rate of viral production measured.

Mutations in the YMDD region can be seen to present a

certain resistance to lamivudine in vitro. However, this

analysis also reveals that YMDD strains have a lower ca-

pacity for replication than wild type HBV, no doubt be-

cause the viral polymerase has less affinity with the sub-

strates (nucleotides). There are also clinical information

and experimental models demonstrating that wild type

HBV reemerges as the dominant strain once treatment has

ended and the selective pressure of lamivudine has disap-

peared.18 However, in some cases, variants in the YMDD

region persist for a prolonged period of time after treat-

ment is discontinued.

HBV strains with lamivudine resistant mutations in

theYMDD region are usually first detected in the first 6 to

9 months of treatment. At one year of treatment, these

variants appear in 14 to 32% of patients and this increas-

es with longer treatment to 42% and 52% of patients at 2

and 3 years respectively.19,20 The emergence of these

strains is accompanied by an increase in ALT levels and
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the reappearance of HBV-DNA and their appearance is

directly related to baseline serum concentrations of HBV-

DNA, ALT levels and high body mass index. When lami-

vudine treatment ends or is interrupted, the percentage of

patients with variants in the YMDD region is consider-

ably lower in the following months.

Clinical significance of mutations in the YMDD
region in patients with chronic hepatitis B treated
with lamivudine

The majority of patients with mutations in the YMDD

region are asymptomatic. However, the behaviour of

these mutations over the long term is still unknown. Oc-

casionally, complications in the form of decompensated

hepatic disease occur, most often in patients who have al-

ready had an advanced liver disease. However, prelimi-

nary results in Asian patients treated with lamivudine for

more than 3 years show that patients with variants in the

YMDD region have higher probabilities of presenting de-

terioration in liver histology than those without YMDD

mutations.

The appearance of mutations in the YMDD region is

associated with increases in ALT levels, and the reap-

pearance of circulating HBV-DNA, usually at levels

lower than baseline and this is associated with a reduc-

tion in the HBeAg seroconvesion rate. After 3 years of

lamivudine treatment, seroconversion to anti-HBe is

seen in 22% of patients with variant strains in the

YMDD region, compared with 50% in patients without

these strains. Lamivudine is especially useful in pa-

tients with terminal hepatic disease and liver transplant

candidates. Various studies demonstrate that the rate of

HBV-DNA negativization is similar to that observed in

patients with compensated chronic hepatitis.21-23 HBV-

DNA clearance is associated with an improvement in

hepatic illness, permitting in some cases, the delay or

even avoidance of liver transplant. In patients with ad-

vanced hepatic disease, the emergence of mutations in

the YMDD region can be accompanied by a deteriora-

tion of the disease due to ictericia, ascitis and other

complications associated with portal hypertension. In

some transplantation centres, HBV-DNA positivity is a

contra-indication for transplant since it is associated

with a higher risk of HBV reinfection. The recurrence

rate of HBV reinfection is higher in patients who had

serum HBV-DNA and mutations in the YMDD region

before liver transplantation. In these cases, HBV rein-

fection occurs earlier and despite specific prophylaxis

with gammaglobulin and lamivudine and for this rea-

son it is important to identify patients with YMDD mu-

tations in order to select the most appropriate treat-

ment.24,25 It is very important to identify the different

variations, since in vitro studies have shown that resis-

tance to lamivudine is varies depending on the mutated

amino acid and its position. Variations in amino acid

552 (changing to valine and/or isoleucine) and the

double variation at position 528 and 552 offer the most

resistance to the drug. However, both variations are

sensitive to treatment with adefovir.26

Adefovir dipivoxil

Adefovir dipivoxil, the prodrug of adefovir, is an

orally administered nucleotide analogue. It inhibits the

HBV-DNA polymerase (reverse transcriptase) by com-

peting with the natural substrate and by causing DNA

chain termination after its incorporation into viral DNA.

Adefovir has been approved for the treatment of chronic

hepatitis B. The largest study in HBeAg positive pa-

tients demonstrated that the administration of 10 mg of

adefovir for one year is capable of reducing the histo-

logical hepatic activity index (> 2 points in 53% of cas-

es compared with 25% in cases on placebo). The loss of

HBeAg is seen in 24% of cases and seroconversion to

anti-HBe in 12% compared to 6% in subjects who re-

ceived placebo.27 There are still no published studies of

prolonged treatment although some abstracts presented

at conferences suggest an increase in response to pro-

longed treatment.

There is one study in anti-HBe positive patients treated

with adefovir for one year and compared with a control

group.28 The study included 184 patients who were ran-

domised to receive adefovir or placebo. An analysis of

the results demonstrated that a histological response was

observed in 64% of treated patients vs. 33% in controls,

normalization of ALT levels occurred in 72% of those

treated vs 29% in controls and HBV-DNA negativity by

PCR in 51% vs. 0% respectively.

Adefovir is especially useful in patients with resis-

tance to lamivudine.29-33 Studies in vitro and in vivo
have demonstrated that adefovir is able to inhibit wild

type HBV strains and those resistant to lamivudine. In

more than 100 patients with decompensated cirrhosis

and resistance to lamivudine, treatment with 10 mg of

adefovir produced a more than 4 log reduction in con-

centrations of HBV-DNA during 24 weeks of treat-

ment. This reduction in HBV-DNA levels was accom-

panied by a decrease in ALT levels and an improve-

ment in Child-Pugh scores. Similar results have been

observed in liver transplanted patients with recurrent

HBV infection. Adefovir continued to inhibit HBV

replication with reductions of 3-4 logs in HBV-DNA

during 48 weeks of treatment.

Finally, there is one ongoing study comparing the

combination of adefovir vs. lamivudine and adefovir or

adefovir monotherapy in patients with resistance to lami-

vudine. Preliminary results demonstrate that monothera-

py with adefovir achieves the same reduction in HBV-

DNA levels as combined treatment with adefovir and

lamivudine, suggesting that the use of adefovir is suffi-

cient in patients with lamivudine resistance.39
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The recommended adefovir dose is 10 mg daily and

the dose has to be adjusted for patients with renal insuffi-

ciency. The optimum duration of treatment has not been

defined but is probably more than one year. However, ex-

perience with this drug is still limited especially with

therapy prolonged to more than two years. The durability

of response once therapy has finished is similarly not well

documented. The most serious adverse event is the alter-

ation of renal function when using doses larger than 10

mg, however, the long term safety of this drug has not

been established. In studies of adefovir for one year, re-

sistance to the drug has not been observed, which, if con-

firmed in longer term studies, would be an advantage of

adefovir, although it is probably over the long term that

resistance would appear.

In conclusion, the future of hepatitis B therapy is

promising. In addiction to the drugs already approved,

there are others currently in phase 3 of clinical trials

such as Entecavir, the L nucleosides and emtricitabine,

which shows a powerful specific activity against the

hepatitis B virus. If these drugs demonstrate their effica-

cy and safety, HBV therapy is going to expand and a

new era is going to start using these new drugs and par-

ticularly combination therapy.

References

1. Mast EE, Alter MJ. Epidemiology of viral hepatitis: an overview.

Sem Virol 1993: 4: 273-283.

2. Lee WM. Hepatitis B virus infection. N Engl J Med 1997; 337:

1733-1745.

3. Hoofnagle JH, Di Bisceglie AM. The treatment of chronic viral hepa-

titis. New Engl J Med 1997; 336: 347-356.

4. Rosenberg PM, Dienstag JL. Therapy with nucleoside analogues for

hepatitis B virus infection. Clinics Liver Dis 1999; 3: 349-360.

5. Lok AS, Heatchote EJ, Hoofnagle JH. Management of hepatitis B:

summary of a workshop. Gastroenterology 2001; 120: 1828-1853.

6. Balfour HHJ. Antiviral drugs. N Engl J Med 1999; 340: 1255-1268.

7. Lai CL, Chien RN, Leung NW, et al. A one-year trial of lamivudine

for chronic hepatitis B. N Engl J Med 1998; 339: 61-68.

8. Dienstag JL, Schiff ER, Mitchell M, et al. Extended lamivudine

retreatment for chronic hepatitis B: maintenance of viral suppression

after discontinuation of therapy. Hepatology 1999; 30: 1082-1087.

9. Dienstag JL, Schiff ER, Wight TL, et al. Lamivudine as initial treat-

ment for chronic hepatitis B in the United States. N Engl J Med
1999; 341: 1256-1263.

10. Schiff E, Karayalcin S, Grimm I, et al. A placebo controlled study of

lamivudine and interferon alpha-2b in patients with chronic hepati-

tis B who previously failed interferon therapy. Hepatology 1998;

28(4)Part 2: 388a.

11. Chien RN, Liaw YF, Atkins M, et al. Pretherapy alanine transami-

nase level as a determinant for hepatitis B e antigen seroconversion

during lamivudine therapy in patients with chronic hepatitis B.

Hepatology 1999; 30: 770-774.

12. Liaw YF, Lai CL, Leung NWY, et al. Two years lamivudine therapy in

chronic hepatitis B infection: results of a placebo-controlled multicenter

study in Asia. Gastroenterology 1998; 114(4 Pt. 2): A1289.

13. Liaw Y-F, Leung NWY, Chang T-T, Guan R, Tai D-I, Ng K-Y, et al.

Effects of extended lamivudine therapy in Asian patients with chronic

hepatitis B. Gastroenterology 2000; 119: 172-80.

14. Tassopoulos NC, Volpes R, Pastore G, et al. Efficacy of lamivudine

in patients with hepatitis B e antigen-negative/hepatitis B virus DNA-

positive (precore mutant) chronic hepatitis B. Hepatology 1999; 29:

889-896.

15. Tassopoulos NC, Volpes R, Pastore G, et al. Post lamivudine treat-

ment follow up of patients with HBeAg negative chronic hepatitis B
J Hepatol 1999; 30 (Suppl. 1): 117.

16. Allen MI, Deslauriers M, Andrews CW, et al. Identification and char-

acterization of mutations in hepatitis B virus resistant to lamivudine.

Hepatology 1998; 1670-1677.

17. Stuyver LJ, Locarnini S A, Lok A, et al. Nomenclature for antiviral-

resistant human Hepatitis B virs mutations in the polymerase region.

Hepatology 2001; 33: 751-757.

18. Zoulim F, Trepo C. Drug therapy for chronic hepatitis B: antiviral

efficacy and influence of hepatitis B virus polymerase mutations on

the outcome of therapy. J Hepatol 1999; 29: 51-168.

19. Leung NW, Lai CL, Guan R, et al. The effect of longer duration of

harboring lamivudine-resistant hepatitis Virus (YMDD mutants) on

liver histology during 3 years lamivudine therapy in Chinese pa-

tients. Hepatology 2001; 34; 348 A.1999; 30: 567-572.

20. Liaw YF, Chien RN, Yeh CT, et al. Acute exacerbation and hepatitis

B virus clearance after emergence of YMDD motif mutation during

lamivudine therapy. Hepatology 1999; 30: 567-572.

21. Perrillo RP, Schiff ER, Dienstag JL, et al. Lamivudine for suppres-

sion of viral replication in patients with decompensated chronic hepa-

titis B. Hepatology 1999; 28(4 Pt. 2): 301A.

22. Bain VG, Kneteman NM, Ma MM, et al. Efficacy of lamivudine in

chronic hepatitis B patients with active viral replication and decom-

pensated cirrhosis undergoing liver transplantion. Transplantion
1996; 62: 1456-1462.

23. Aye TT, Bartholomeusz A, Shaw T, et al. Hepatitis B virus poly-

merase mutations during antiviral therapy in a patient following liver

transplantation. J Hepatol 1997; 26: 1148-1153.

24. Perrillo R, Rakela J, Dienstag J, Levy G, Martin P, Wright T, et al.

Multicenter study of lamivudine therapy for hepatitis B after liver

transplantation. Hepatology 1999; 29: 1581-1586.

25. Perrillo RP, Wright T, Rakela J, Levy G, Schiff E, Gish R, et al. A

multicenter United States—Canadian trial assess lamivudine

monotherapy before and after liver transplantation for chronic hepa-

titis B. Hepatology 2001; 33: 424-432.

26. Shaw T, Locarnini S. Combination chemotherapy for hepatitis B vi-

rus: The final solutions? Hepatology 2000; 32: 430-432.

27. Marcellin P, Chang TT, Lim SG, Tong MJ, Sievert W, Siffman M, et al.

Adefovir dipivoxil for the treatment of patients Hepatitis B e Antigen

positive chronic hepatitis B. New Engl J Med 2003; 348: 808-816.

28. Hadziyannis S, Tassopoulos N, Heatchote J, Chang TT, Kitis G,

Rizzetto M, et al. Adefovir dipivoxil for the treatment of patients

Hepatitis B e Antigen negative chronic hepatitis B. New Engl J Med
2003; 348: 800-807.

29. Perillo R, Schiff E, Hann H-WL, Buti M, Strasser S, Watkins KM, et

al. The addition of adefovir dipivoxyl to lamivudine in decompen-

sated chronic hepatitis B patients with YMDD variant HBV and re-

duced response to lamivudine, preliminary 24 weeks results.

Hepatology 2001; 34: 349A.

30. Westland CE, Yang H, Namini H, Lama N, Gibbs CS, Miller MD, et

al. Comparison of anti-HBV activity and adefovir against different

lamivudine-resistant HBV strains in vitro and in liver transplant pa-

tients. Hepatology 2001; 34: 446A.

31. Peters M, Hann HW, Martin P, Heathcote E, Buggisch P, Moorat AE,

et al. Adefovir dipivoxil alone and in combination with lamivudine

suppresses YMDD mutant Hepatitis B virus replication: 48 week

preliminary analysis. Hepatology 2002; 36: 374A.

32. Schiff E, Lai CL, Nehaus P, Tillman H, Samuel D, Villanueve J-P, et

al. Adefovir dipivoxil for the treatment of chronic hepatitis B in pa-

tients pre and post-Liver transplantation with lamivudine-resistant

Hepatitis B virus patients. Hepatology 2002; 36: 371A.

33. Westland C, Gibbs C, Miller M, Sullivan M, Fry J, Brosgart C, et al.

Loss of lamivudine resistance mutations after patients switched to

adefovir dipivoxil therapy. J Hepatol 2002; 36 (Suppl 1): 7.

34. Perrillo R, Schiff E, Yoshida E, Statler A, Hirsch K, Wright T,

Gutfreund K, et al. Adefovir dipivoxil for the treatment of lamivudine-

resistant hepatitis B mutants. Hepatology 2000; 32: 129-134.



Annals of Hepatology 2(3) 2003: 108-112112

35. Yang H, Westland C, Delaney WE, Heatchote E, Ho V, Fry J, et al.

Resistance surveillance in chronic hepatitis B patients treated with

adefovir for up to 60 weeks. Hepatology 2002; 36: 464-473.

36. Heatchote E, Jeffers L, Perrillo R, Wright T, Sherman M, Namini H,

et al. Sustained antiviral response and lack of resistance with long-

term adefovir dipivoxil therapy in chronic HBV infection. J Hepatol
2002; 36 (Suppl 1): 110-1.

37. Locarnini SA. Hepatitis B virus surface antigen and polymerase gene

variants: potential virological and clinical significance. Hepatology
1998; 27: 294-7.


	Current therapies for chronic hepatitis B
	Introduction
	Interferons
	Lamivudine
	Lamivudine and HBV variants
	Clinical significance of mutations in the YMDD region in patients with chronic hepatitis B treated with lamivudine
	Adefovir dipivoxil


