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240 000 people infected with hepatitis C virus. Thu
the burden on the Australian health care system ca
infection will be considerable, and effective therapi
ately needed.

Towards the end of 2003, a case report of a pati
infection and antiviral resistance to adefovir dipivox
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ABSTRACT

• Despite the emergence of multidrug-resistant strains of 
hepatitis B virus (HBV) and previous success with combination 
therapy for other chronic viral infections, we are still using 
sequential monotherapy for chronic HBV infection.

• Antiviral-resistant HBV can result in major life-threatening 
complications.

• We now have complementary drugs, such as lamivudine and 
adefovir dipivoxil, with fundamentally different structures and 
associated with different signature resistance mutations, with 
adefovir dipivoxil showing antiviral activity against most 
lamivudine-resistant strains.

• Studies of combination therapy to date have used traditional 
endpoints — short-term reduction of HBV DNA levels and 
HBeAg seroconversion — rather than evolution of resistance.

• There is now an emerging body of data suggesting that 
combination therapy can decrease antiviral resistance in HBV 
infection, the endpoint likely to be of greatest long-term 
importance, and, rather than adding or replacing an antiviral 
agent after resistance develops, it is likely to be more effective 
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in treatment-naïve patients
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ection with hepatitis B virus (HBV), resulting in about 1
llion deaths per year globally and an attributable lifetime

mortality of about 25%.1 Data in Australia are incomplete; how-
ever, it is estimated that between 90 000 and 160 000 Australians
are infected with HBV,2 which is considerably more than the
number infected with HIV and comparable to the estimated
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of initial therapy with lamivudine, heralded the era of HBV
multidrug resistance.3 Many similar cases have emerged subse-
quently. It is remarkable that, in the face of these emergent
multidrug-resistant strains and previous experience with other
chronic viral infections, we are still using sequential monotherapy
for the treatment of chronic HBV infection. Physicians with an
infectious diseases perspective find this particularly difficult to
understand.

The concept of combination therapy has long been established
as the paradigm of therapy for a number of chronic infections. In
the late 1940s, it was first shown that combination therapy with
streptomycin and p-aminosalicylic acid could prevent the rapid
emergence of streptomycin resistance during therapy for tubercu-
losis.4 More recently, the HIV pandemic has given us greater
insights into the management of chronic viral diseases. Studies
such as the Delta trial using hard clinical endpoints (eg, mortality)
unequivocally demonstrated the superiority of combination dual
antiviral therapy over monotherapy. Moreover, these early studies
showed that initiating dual therapy in treatment-naïve patients
gave a superior outcome compared with using a second drug in
treatment-experienced patients, proving that an upfront combina-
tion that prevented resistance was superior to sequential mono-
therapy.5 More recently, it has been shown that triple therapy for
HIV infection (ie, adding a protease inhibitor) is superior to dual
therapy, thereby further strengthening the case for combination
therapy.6 By contrast, current Australian (Section 100) and inter-
national prescribing guidelines for HBV infection either mandate
or recommend lamivudine monotherapy for HBV in treatment-
naïve patients, resulting in the almost inevitable development of
antiviral resistance and setting the scene for the emergence of
multidrug resistance.

There are several reasons why combination therapy has not been
introduced. Firstly, HBV has a significantly slower rate of evolution
of antiviral resistance,7 with lamivudine resistance occurring in
about 20% of patients after a year of therapy, while in HIV
resistance has been reported as early as a week after commencing
lamivudine.8 Secondly, unlike HIV, HBV takes much longer after
diagnosis to result in death or serious morbidity in most infected
patients; hence, there is not the same pressing need to control viral
replication and its damaging effects on end organs. Thirdly, the

affected populations and communities with HBV infection are not
as politically organised or vocally active as those in the HIV
community; and, finally, there are more limited classes of drugs
available for HBV therapy. As a consequence, the pharmaceutical
industry has not been as motivated to work across company
barriers and design combination studies.

Despite the above, antiviral-resistant HBV can result in adverse
clinical outcomes, such as hepatic decompensation and death.9-11

More recently, it has been shown that long-term viral replication,
even at relatively low levels (previously thought to be insignifi-
cant), is associated with the two major life-threatening complica-
tions of chronic HBV infection: end-stage liver disease and
hepatocellular carcinoma.12,13 Accordingly, even low levels of viral
replication in patients who develop lamivudine resistance have the
potential to result in significant adverse clinical outcomes.

There are a number of theoretical reasons why combination
therapy should be effective in HBV infection. We now have
complementary drugs, such as lamivudine and adefovir dipivoxil,
that have fundamentally different structures and are associated
with different signature resistance mutations, with adefovir
dipivoxil demonstrating antiviral activity against most lamivudine-
resistant strains tested.14 Together, the two drugs have at least
additive if not synergistic in-vitro activity,15 with no overlapping
toxicity.16

A number of investigators have studied combination therapy in
clinical trials with mixed results. Studies of interferons combined
with lamivudine have failed to show a consistent benefit in treat-
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ment outcome.17,18 Studies combining nucleotide/nucleoside ana-
logues (eg, lamivudine and adefovir dipivoxil) have primarily been
conducted in patients with established lamivudine resistance, rather
than in treatment-naïve patients, and shown equivalent efficacy
whether adefovir dipivoxil was used as a single agent or combined
with lamivudine.19,20 These data resulted in the strategy adopted in
Australia, as well as in many international jurisdictions, of sequen-
tial monotherapy with a 3-month overlap during which both drugs
are taken, after which lamivudine must be discontinued.

The real issue, however, is the nature of the therapeutic
endpoints that have been used in these studies and, specifically,
which are the most significant clinical endpoints in the long term.
The studies of combination therapy to date have used traditional
endpoints — reduction of HBV DNA levels and HBeAg serocon-
version — which are undoubtedly important, but the issue of
prevention of resistance has been largely overlooked. Resistance is
particularly important, as many patients will need long-term, if not
indefinite, therapy with the almost inevitable development of
lamivudine resistance.

There is now an emerging and consistent body of data suggest-
ing that combination therapy can decrease antiviral resistance, the
endpoint likely to be of greatest long-term importance. A major
issue here, as in HIV infection, is that it is likely to be more
effective using combination therapy in treatment-naïve patients,
rather than adding or replacing an antiviral agent after resistance
develops. Three separate studies have shown that combination
therapy used as initial therapy markedly reduced the emergence of
lamivudine resistance. Sung et al showed that the rate of lamivu-
dine resistance in patients treated with a combination of lamivu-
dine and adefovir dipivoxil was only 2%, compared with 20% in
patients treated with lamivudine monotherapy.21 This finding was
subsequently supported by two studies of pegylated interferon,
which showed significantly reduced rates of lamivudine resistance
of 4% and 1% for the combination arms, compared with 27% and
18% for lamivudine monotherapy, in patients with HBeAg-positive
and -negative disease, respectively.17,18

While the impact of a second agent on lamivudine resistance has
become clear, the other issue is whether adefovir dipivoxil resist-
ance can also be reduced using a second agent. A major impedi-
ment to answering this question is that adefovir dipivoxil
resistance in HBV infection takes even longer to emerge than
resistance to lamivudine, suggesting that it would take many years
to detect an effect on adefovir dipivoxil resistance. While there was
no resistance seen early on in the registration studies of adefovir
dipivoxil monotherapy over a relatively short duration of use (eg,

12 months),22,23 more recent data have shown that adefovir
dipivoxil resistance in treatment-naïve patients increases to 29%
after 5 years of use.24 Given the increasing use of adefovir dipivoxil
for lamivudine-resistant HBV infection, there is likely to be an
exponential rise in resistance, resulting in a potential epidemic of
multidrug-resistant HBV. In the face of this, a recent study of 738
patients treated with adefovir dipivoxil for lamivudine-resistant
HBV infection documented a significant difference in resistance in
patients no longer taking lamivudine, compared with those in
whom it was continued and no adefovir dipivoxil resistance was
seen.25 This suggested that lamivudine could protect against
adefovir dipivoxil resistance even in a treatment-experienced
population.

Recently, pegylated interferons have shown considerable prom-
ise in the treatment of HBV infection.17,18 These agents have not
been shown to be associated with the emergence of antiviral
resistance; however, only 32% of HBeAg-positive patients achieve
seroconversion.17 In the case of HBeAg-negative patients, only
59% and 43% achieved the endpoints of an HBV DNA level of
fewer than 20 000 copies and a normal alanine aminotransferase
level, respectively, 24 weeks after cessation of therapy.18 The
durability of this response, in particular in a condition notorious
for high relapse rates, is still questionable. While immune modula-
tors can be used as first-line therapy, most patients will still not
achieve a response, resulting in a continuing need for long-term
nucleotide/nucleoside therapy in those who do not respond, or in
those in whom immune modulators are contraindicated or who
are intolerant of them.

These data strongly suggest that, as with HIV infection, combi-
nation therapy is the way to effectively manage chronic HBV
infection in the long term. Even though HBV is a different virus,
the emerging data are consistent with what established virological
principles would have predicted, as also seen in HIV. Further
studies examining the role of de-novo combination therapy are
warranted, but now is the time to move to combination therapy for
patients who require long-term nucleoside analogue therapy for
HBV, rather than waiting for this epidemic to evolve.
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