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Drugs in Development for Hepatitis B
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The management of chronic hepatitis B (CHB) has improved dramatically overAbstract
the last decade with the development of new drugs such as lamivudine and
adefovir dipivoxil, in addition to the now standard interferon (IFN)-α therapy.
These new drugs can achieve a significant reduction or inhibit replication of
hepatitis B virus (HBV) DNA during therapy. However, in the majority of
patients, particularly in those who are hepatitis B e antigen (HBeAg)-negative, the
sustained off-therapy suppression of HBV DNA is rare. For this reason, several
new antiviral and immunomodulatory agents are currently being evaluated.

Among the immunomodulatory agents, pegylated IFNα (peginterferon-α) has
been shown to be more effective for HBeAg-positive CHB than either lamivudine
or standard IFNα monotherapy, particularly in those patients infected by HBV
genotypes A and B. The new antivirals entecavir, tenofovir disoproxil fumarate
and telbivudine exhibit a more potent viral inhibitory effect than the currently
approved drugs (IFNs, lamivudine and adefovir dipivoxil). However, the emer-
gence of viral resistance has been witnessed and this could be one of the major
limitations to the clinical use of these new drugs, particularly during prolonged
therapy.

In HBeAg-negative patients it is more and more common for oral antiviral
therapy to be administered for prolonged periods, as the sustained off-therapy
response rates of short-term therapy are very low. Different studies are currently
evaluating combination therapy, using lamivudine with adefovir dipivoxil or
peginterferon-α with lamivudine; the preliminary results show virological
responses no better than those achieved by monotherapy. However, as combina-
tion therapy is associated with a low likelihood of developing HBV drug resis-
tance, this could result in a higher virological response during prolonged therapy.

In the near future the most realistic therapeutic option for the majority of
patients with CHB will be long-term use of these new, more potent antiviral drugs,
if they can achieve good safety profiles while maintaining low resistance rates at
affordable costs.

Three agents are currently approved for the treat- ministered orally, and both display excellent safety
profiles.ment of chronic hepatitis B (CHB): interferon

(IFN)-α, lamivudine and adefovir dipivoxil. Each of Further therapies need to be developed as the
these agents has limitations, and none demonstrates sustained virological response rates of the three
an excellent efficacy profile. Lamivudine and agents approved for the treatment of CHB, particu-
adefovir dipivoxil have the advantage of being ad- larly when off-therapy, is still low. Drug resistance
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limits their efficacy and new drugs are necessary for
patients with CHB in particular clinical situations,
such as immunocompromised and decompensated
patients, patients with normal ALT levels, those
resistant to lamivudine or to adefovir dipivoxil, and
those who do not respond to the approved thera-
pies.[1,2]

CHB can be divided into two major categories
depending on the presence of the hepatitis B e
antigen (HBeAg) and its antibody (anti-HBe): the
HBeAg-positive and the HBeAg-negative forms.[1-3]

HBeAg-positive CHB is characterised by an ex-
tremely high rate of hepatitis B virus (HBV) replica-
tion and persistent or intermittently increasing ami-

Table I. Therapeutic agents or approaches that are currently under
evaluation for the treatment of chronic hepatitis B

Peginterferon-α
Newer antiviral agents

entecavir

emtricitabine

clevudine

L-nucleosides (e.g. telbivudine, torcitabine, L-deoxyadenosine)

tenofovir disoproxil fumarate

Combination therapies

peginterferon-α plus lamivudine

two antiviral agents (e.g. adefovir dipivoxil plus lamivudine,
telbivudine plus lamivudine)

IFNα plus therapeutic vaccine(s)

antiviral agent(s) plus therapeutic vaccine(s)
IFN = interferon.

notransferase levels.[2] HBeAg-positive CHB may
occur almost immediately after the acute phase of

of the new antiviral and immunomodulatory agentsHBV infection or develop after several years of
currently being developed; peginterferon-α, ente-maintaining an immunotolerant state. Although be-
cavir, emtricitabine, clevudine, tenofovir disoproxiltween 5% and 15% of untreated HBeAg-positive
fumarate and β-L nucleosides (table I). Informationpatients achieve spontaneous clearance of HBeAg,
regarding these drugs remains limited, as they aredevelopment of anti-HBe and transition to the inac-
only recently approved or in late phase clinicaltive carrier phase,[3-6] the majority maintain a high
trials.rate of HBV DNA replication, running the risk of

severe liver necroinflammation with worsening fi- 1. Peginterferon-α
brosis and development of cirrhosis increasing the
risk of hepatocellular carcinoma (HCC).[6,7] Pegylation technology has been used to increase

HBeAg-negative CHB, also referred to as anti- the pharmacokinetic and pharmacodynamic profile
HBe-positive CHB, represents a late phase in the of the standard IFNα therapy; hence, achieving
course of chronic HBV infection. It develops in steady and durable serum IFNα concentrations with
those patients who lose HBeAg and, therefore, ser- a single weekly administration. Two different
oconvert to anti-HBe.[2-5,8] HBeAg-negative CHB peginterferon-α formulations have been developed,
may develop immediately following HBeAg loss or differing mainly in the polyethylene glycol mole-
after reactivation of an inactive HBV carrier state. In cule. Peginterferon-α-2b has a linear polyethylene
the vast majority of patients, HBeAg-negative CHB glycol molecule, with a low molecular weight
is associated with the replication of HBV variants (12 kDa) [PegIntron®]1, and peginterferon-α-2a has
unable to produce HBeAg as a result of mutations at a large (40 kDa), branched polyethylene glycol mol-
either the precore or basic core promoter regions of ecule (Pegasys®). Both forms of peginterferon-α
the viral genome.[3,9] HBeAg-negative CHB is a have been licensed for use in the treatment of chron-
progressive and potentially severe form of chronic ic hepatitis C, where they have replaced the standard
liver disease, often resulting in cirrhosis and an IFNα because of their superior efficacy without the
increased risk of developing HCC;[10,11] spontaneous appearance of any new adverse effects and their
remissions are very rare. easier administration mechanism. However,

This review explores the potential benefits, for peginterferon-α-2a has recently been approved for
both HBeAg-positive and -negative CHB patients, use in the treatment of CHB.

1 The use of trade names is for product identification purposes only and does not imply endorsement.
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Some new data are available from the clinical combination of peginterferon-α-2a and lamivudine
trials of these peginterferons. The efficacy of were superior to lamivudine monotherapy at week
peginterferon-α-2a in the treatment of patients with 72, that is, 6 months after the discontinuation of
HbeAg-positive CHB was initially evaluated in a treatment. In this study, combination therapy per-
phase II trial using a small number of patients. The formed no better than peginterferon-α-2a monother-
results of this trial showed that a 24-week course of apy. The HBeAg seroconversion rates witnessed
peginterferon-α-2a is more effective than a 24-week were 32%, 27% and 19%, respectively, with normal
course of standard IFNα (4.5MU three times week- ALT levels being observed in 41%, 39% and 28%,
ly).[12] In a more recent large 52-week phase III trial respectively[14] (table II).
investigating 266 HBeAg-positive CHB patients,

In a 48-week trial, HBeAg-negative patientspeginterferon-α-2b was found to have an off-ther-
were randomised to receive either peginterferon-α-apy efficacy equal to that of the combination therapy
2a, lamivudine or the combination of peginterferon-with peginterferon-α-2b plus lamivudine, achieving
α-2a plus lamivudine. Peginterferon-α-2a with orHBeAg loss rates of 36% and 35%, respectively, 24
without lamivudine sustained a response superior toweeks after termination of therapy.[13] These results
that of lamivudine 24 weeks after discontinuation ofare very similar to those reported when standard IFN
therapy. Undetectable HBV DNA (<400 copies/and lamivudine were combined for a short period.
mL) was observed in 19% of patients treated withAn important feature of HBeAg-positive CHB is
peginterferon-α-2a, 20% of those treated with thethat the response to peginterferon-α is higher in
combination and 7% of those treated withthose patients infected by genotypes A and B:
lamivudine. Normal ALT levels were achieved inHBeAg loss rates of 47% for genotype A, 44% for
59%, 60% and 44%, respectively.[15] These resultsgenotype B, 28% for genotype C and 25% for geno-
suggest that peginterferon-α-2a monotherapy istype D have been recorded.[13] Another trial investi-
equally effective as combination therapy and isgating patients with HBeAg-positive CHB
more effective than lamivudine monotherapy. How-randomised 814 patients to receive either a 48-week
ever, mean suppression of HBV DNA 6 monthscourse of peginterferon-α-2a monotherapy,
after therapy termination was degraded substantiallypeginterferon-α-2a plus lamivudine combination
in all three arms (mean reduction 1.6–2.3 log10therapy or lamivudine monotherapy for equal peri-

ods. Both peginterferon-α-2a monotherapy and the copies/mL), suggesting that relapses would eventu-

Table II. Efficacy of peginterferon-α in the treatment of patients (pts) with hepatitis B e antigen (HBeAg)-positive chronic hepatitis B. Studies
of ≥1 year of therapy

Study/dosage No. of pts HBeAg loss HBeAg seroconversion
(% pts) (% pts)

Cooksley et al.[12]

IFNα-2a 4.5MU tiw for 24 weeks 51 25

Peginterferon-α-2a 90 µg/week for 24 weeks 49 37

Peginterferon-α-2a 180 µg/week for 24 weeks 46 33

Peginterferon-α-2a 270 µg/week for 24 weeks 48 27

Janssen et al.[13]

Peginterferon-α-2b for 52 weeks 136 36

Peginterferon-α-2b + lamivudine for 52 weeks 130 35

Lau et al.[14]

Peginterferon-α-2a 180µg for 48 weeks 271 34

Peginterferon-α-2a 180µg + lamivudine 100mg for 48 weeks 271 28

Lamivudine 100 mg/day for 48 weeks 272 21
IFN = interferon; tiw = three times weekly.
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ally follow. This study has shown that longer fol- entecavir 0.1 mg/day reduced HBV DNA by an
low-up periods are necessary in HBeAg-negative additional 0.97 log10 and entecavir 0.5 mg/day by an
patients, as relapses often appear after an extended additional 1.28 log10 (p < 0.0001). The entecavir
period. 0.5 mg/day was more effective than 0.1 mg/day

The role of peginterferon-α therapy, with or (p = 0.018), with 83.7% of patients treated with
without the addition of a nucleoside analogue, mer- entecavir 0.5 mg/day experiencing a decrease in
its additional consideration; however, the develop- HBV DNA levels below the lower limit of detection
ment of more potent oral agents is likely to present compared with 57.5% treated with lamivudine
very competitive alternatives to the peginterferon-α 100 mg/day and 62% treated with entecavir 0.1 mg/
therapies. Although results of the combinations of day. Entecavir was well tolerated at all dosage
peginterferon-α plus lamivudine do not seem to levels, with most adverse events being mild or mod-
have been encouraging, an additional complimenta- erate and transient.
ry effect of these two drugs cannot be excluded, as In a 48-week phase III study of 715 HBeAg-
not all combination regimens have been evaluated. positive, nucleoside-naive patients, comparing the
Thus, the timing and duration of the administration efficacy and safety of entecavir 0.5 mg/day and
of each drug, and the need for sequential or concur-

lamivudine 100 mg/day, patients were randomised
rent use, deserve further evaluation, as they may be

1 : 1 to receive either lamivudine or entecavir.[21]

important factors influencing the efficacy of this
The primary endpoint, histological improvement,

combination therapy in all or certain subgroups of
defined by a >2-point decrease in necroinflammato-

CHB patients.
ry activity and no worsening fibrosis, was observed

In summary, peginterferon-α is a useful drug,
in 72% of patients receiving entecavir and in 62% of

particularly for those HBeAg-positive patients in-
those receiving lamivudine (p = not significant). A

fected by genotypes A or B, which allows a limited
higher proportion of patients who received entecavirduration of HBV therapy. However, the optimal
achieved normal ALT levels (78%) and undetect-dose and duration of therapy remains to be defined.
able HBV DNA (69%) when compared with those
treated with lamivudine (70% achieved normal ALT2. Entecavir
levels and 38% undetectable HBV DNA). At week
48, HBeAg seroconversion occurred in 21% of ente-Entecavir, a cyclopentyl guanosine analogue, is a
cavir- and 18% of lamivudine-treated patients; nopotent inhibitor of HBV DNA polymerase, inhib-
patients developed entecavir resistance.[21] A similariting both the priming and elongation steps of viral
study was designed in nucleoside-naive HbeAg-DNA replication.[1,2] Entecavir is effective against
negative patients with CHB. 648 patients werelamivudine-resistant mutants, but less effective
randomised to receive either entecavir 0.5 mg/dayagainst wild-type HBV.[2,3] Several studies have
or lamivudine 100 mg/day for 48 weeks.[22] Theshown that at daily dosages of between 0.1 and
primary endpoint of histological improvement was1.0mg, entecavir is well tolerated and effectively
observed in 70% of patients treated with entecavirsuppresses HBV replication, in both treatment-naive
and 61% of those treated with lamivudine. Unde-CHB patients and those with lamivudine-resistant
tectable HBV DNA (<400 copies/mL by polymer-disease.[16-20]

ase chain reaction [PCR]) was observed in 91% ofIn a 24-week, double-blind, multicentre clinical
the entecavir group and 73% of the lamivudinetrial 169 HBeAg-positive and -negative CHB pa-
group (p = not significant). No entecavir resistancetients were randomised to receive one of three oral
was observed during the 48 weeks of therapy. Stud-dosages of entecavir (0.01, 0.1 or 0.5 mg/day) or
ies in both HBeAg-positive and -negative patientslamivudine 100 mg/day.[18] Both entecavir 0.1 and
have demonstrated that entecavir achieves a superi-0.5 mg/day reduced viral load more effectively than
or histological, virological and biochemical re-lamivudine. Compared with the lamivudine therapy,

© 2005 Adis Data Information BV. All rights reserved. Drugs 2005; 65 (11)
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sponse, and maintained a similar safety profile to er, more data regarding longer follow-up periods
that of lamivudine. and drug costs are necessary.

Finally, a phase III study has been conducted in
3. Emtricitabine286 lamivudine refractory patients. This study com-

pared a high dosage of entecavir (1 mg/day) with
Emtricitabine is the 5-fluorinated derivative oflamivudine 100 mg/day for 48 weeks.[23] The dosage

lamivudine[25] which requires activation by intracel-was selected after the results of a previous study
lular phosphorylation resulting in a potent inhibitioninvestigating 181 patients who failed to respond to
of HBV replication.[25] A potential disadvantage oflamivudine and were later treated with either one of
this agent is that it may be ineffective againstthree different doses of entecavir for 24 weeks (0.1,
lamivudine-resistant, YMDD mutant, HBV strains0.5 and 1 mg/day) or continued with lamivudine for
and may be associated with development of similar24 weeks. At the end of therapy, the percentage of
HBV-resistant mutants.[26]

patients receiving entecavir who achieved undetect-
In a 48-week, randomised, double-blind study,able HBV DNA, as measured by branched DNA,

the efficacy of three doses (25, 100 or 200 mg/day)was 19% with the 0.1mg, 53% with the 0.5mg and
of emtricitabine were compared in 98 Asian patients79% with the 1 mg/day dosage; only 13% of patients
(77 HBeAg-positive and 21 HBeAg-negative).[27] Atwho received lamivudine achieved undetectable
week 48, HBeAg loss was observed in 40% of theHBV.[20] After 48 weeks of entecavir therapy a
77 HBeAg-positive patients. The median decreasehigher proportion of patients achieved a histological
in viral load was 2.59 log10 copies/mL for the 25mgimprovement of 55% compared with only 28%
dose, 3.12 log10 copies/mL for the 100mg dose andtreated with lamivudine (p < 0.0001).
2.92 log10 copies/mL for the 200mg dose. The pro-

The composite endpoint, undetectable HBV
portion of patients achieving undetectable HBV

DNA and normal ALT levels, was observed in 55%
DNA at week 48 were 38%, 42% and 61% for the

of patients treated with entecavir and in only 4% of
25, 100 and 200mg dose groups, respectively. Geno-

those treated with lamivudine. In the group of pa-
typic analysis at week 48 showed that 12% of pa-

tients previously treated with lamivudine, two dis-
tients receiving the 100mg dose and 6% of those

tinct classes of entecavir-resistant mutations were
receiving the 200mg dose had detectable viraemia

identified, rtM250V and rtI169T, each of which
with phenotypic changes, associated with HBV drug

interact cooperatively with the lamivudine-resistant
resistance. These results suggest that the optimal

mutations at rtM204I/V providing a structural basis
emtricitabine dosage is 200mg once daily. This dos-

for the observed cross-resistance between the two
age is well tolerated, produces the highest rate of

antiviral drugs.[24]

HBV suppression and is associated with the lowest
Results of these phase III trials have been submit- occurrence of drug-resistant mutants. A 48-week,

ted to the US FDA, which has recently approved the phase III randomised study comparing emtricitabine
use of entecavir as a treatment for HBV. In patients 200 mg/day with placebo has been also been per-
who exhibit lamivudine resistance, entecavir signifi- formed: 167 patients received emtricitabine and 81
cantly decreases hepatitis B viraemia and, in this received placebo. The primary endpoint, histologi-
setting, entecavir 1 mg/day seems to be the optimal cal response at week 48 of therapy, was observed in
dosage. This is in contrast with the 0.5mg dose 62% of those treated with emtricitabine and in 25%
recommended for previously untreated patients. of those treated with placebo. Serum ALT was nor-

The role of entecavir in the treatment of HBV mal in 65% and 25% of emtricitabine- and placebo-
will be determined over the next few years. Prelimi- treated patients (p < 0.001), respectively. Undetect-
narily results of phase III trials suggest that ente- able HBV DNA was achieved in 56% and 7%
cavir will achieve a greater inhibition of HBV DNA (p < 0.001) of patients, respectively, and similar ad-
than either lamivudine or adefovir dipivoxil; howev- verse effects were reported in both groups.[28]

© 2005 Adis Data Information BV. All rights reserved. Drugs 2005; 65 (11)
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Table III. New agents for the treatment of patients with hepatitis B e antigen (HBeAg)-positive chronic hepatitis B (CHB) in phase III
development. Studies of ≥1 year of therapy

Parameter Entecavir Emtricitabine Telbivudine (LdT)
(Chang et al.[21]) (Shiffman et al.[28]) [Han et al.[30]]

Dosage (mg/day orally) 0.5 200 400–600mg

Duration (wk) 48 48 52

No. of patients 354 167 44

Viral resistance Yes Yes Yes

Efficacy in HBeAg-positive CHB (% patients)

HBeAg loss 22 Not reported 33

HBeAg seroconversion 21 12 31

normal ALT 78 65 86

undetectable hepatitis B virus DNA 69 56 61

Treatment-emergent mutations associated with HIV.[1,2] The active triphosphate is not an obligate
resistance to emtricitabine occurred in 13% of pa- chain terminator but inhibits HBV DNA polymer-
tients, suggesting that emtricitabine is similar to ase. Clevudine has an in vitro concentration that
lamivudine. Therefore, emtricitabine is being devel- produces a 50% effective response (EC50) value
oped as a combination nucleoside-nucleotide ther- ranging from 0.02 to 0.15 µmol/L, a mean of
apy for CHB; a similar combination has already 0.08 µmol/L. In vitro studies suggest that it may also
been developed for HIV infection. For this reason, be effective against lamivudine-resistant HBV mu-
some clinical trials comparing emtricitabine tants.[31-33] In vivo studies of the infected woodchuck
monotherapy with the combination of emtricitabine model have demonstrated that a single daily dose of
and adefovir dipivoxil or adefovir dipivoxil clevudine 10mg can result in as much as a 9 log10
monotherapy are currently being conducted. Prelim- decrease in viral load. Clevudine was not found to
inary results at week 48 of one such randomised, be incorporated into mitochondrial DNA or to be
double-blind study investigating 30 treatment-naive associated with significant in vitro lactic acid pro-
HBeAg-positive patients have shown that the com- duction.[32]

bination of adefovir dipivoxil plus emtricitabine has Initial results from a 4-week, phase I/II dose
a greater antiviral effect than lamivudine monother- escalation study of clevudine in HBeAg-positive
apy, displaying a median log10 reduction of and -negative CHB patients have been published.[34]

viraemia of –3.48 and –2.22, respectively. In addi- A daily dose of 10–100mg of clevudine achieved a
tion, this combination therapy achieved a faster and ≥2 log10 reduction in serum HBV DNA levels in
greater HBV suppression when compared with >70% of patients. Some degree of sustained antivi-
lamivudine monotherapy[29] (table III). ral effect was reported to occur, as median serum

The role of emtricitabine monotherapy seems to HBV DNA remained below baseline levels during
be limited because of it has a similar efficacy and the 6-month period following the end of the
resistance profile to lamivudine. However, the com- study.[34] Clevudine was well tolerated and was not
bination of emtricitabine and adefovir dipivoxil associated with any adverse events. These prelimi-
should be investigated further as it could yield new nary results show that clevudine has a potent antivi-
advantages in HBV therapy. ral activity at the doses tested and maintains a sus-

tained post-treatment antiviral effect, for at least 6
months, after the termination of treatment. In a4. Clevudine
second phase II study, 31 patients were randomised

Clevudine [L-FMAU; 1-(2-fluoro-5methyl-β-L- to receive clevudine 10, 30 or 50 mg/day for 12
arabinosyluracil)], a pyrimidine analogue, has a weeks. The results of this study demonstrated that
marked in vitro activity against HBV but not the three doses of clevudine produced potent viral
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suppression. Dosages >10 mg/day have been copies/mL (p < 0.001). No severe adverse effects
deemed suitable for further development.[35] One emerged in either group, and no evidence of long-
important finding observed in this study was the term (up to 130 weeks) phenotypic viral resistance
continued viral suppression after termination of was demonstrated in the tenofovir-treated patients.
therapy, an effect not witnessed in other oral antivi- However, the results of this study have to be inter-
ral drugs. The reason behind this more durable, off- preted with caution as it was not randomised. The
therapy, viral inhibition is unknown. The safety patient population was heterogeneous: some were
profile was excellent but mutations within the immunosuppressed and some received concomitant
polymerase region have been observed. More data lamivudine therapy. These results do, however, sup-
regarding the use of clevudine in the treatment of port the development of tenofovir disoproxil
CHB are expected. fumarate as a new therapy for CHB, particularly for

those patients with lamivudine-resistant HBV infec-
tion.5. Tenofovir Disoproxil Fumarate

Tenofovir is administered orally as a prodrug, 6. β-L-Nucleosides
tenofovir disoproxil fumarate, which has already
been licensed for the treatment of HIV.[36] Tenofovir L-Nucleosides, the natural nucleosides in the β-
is a nucleotide reverse transcriptase inhibitor, with L-configuration, including telbivudine (L-de-
potent antiviral activity against both HIV and wild- oxythymidine; L-dT), torcitabine (L-deoxycytidine;
type or lamivudine-resistant strains of HBV.[37,38] L-dC) and L-deoxyadenosine (L-dA),[43] represent a
Tenofovir disoproxil fumarate has been shown to new class of antiviral agent available for the treat-
achieve significant reductions in serum HBV DNA ment of CHB. All L-nucleosides have been shown to
levels in HIV/HBV co-infected patients, with or have potent, selective and specific inhibitory activi-
without previous anti-HIV therapy.[39,40] Since ty against the hepadnaviruses.[44,45] However, a re-
adefovir dipivoxil therapy at the recommended dos- cent in vitro study suggested that telbivudine and
age for CHB (10 mg/day) has no effect on HIV torcitabine may be inactive against lamivudine-re-
RNA or CD4+ cell count,[40,41] tenofovir disoproxil sistant, YMDD mutant, HBV strains.[45] Of these L-
fumarate will probably become the preferable agent nucleosides, telbivudine has undergone the most
used in this setting, as part of a highly active extensive clinical trials to date.[46]

antiretroviral regimen. The initially encouraging results with telbivu-
Recently, an open-labeled study investigating 53 dine[47] have recently been confirmed in an interna-

patients with HBV DNA replication and genotypic tional multicentre trial. In this phase IIb, double-
evidence of lamivudine resistance compared te- blind trial,[30,48] 104 CHB patients were randomised
nofovir disoproxil fumarate with adefovir dipivox- to receive either 400 or 600mg of telbivudine as
il.[42] Thirty-five patients received tenofovir dis- monotherapy or combination therapy with telbivu-
oproxil fumarate for between 72 and 130 weeks, and dine (400 or 600 mg/day plus lamivudine 100 mg/
18 received adefovir dipivoxil for between 60 and day), or lamivudine monotherapy (100 mg/day) for
80 weeks. All patients treated with tenofovir dis- 52 weeks. Significantly greater antiviral activity was
oproxil fumarate showed a strong suppression of seen in both these groups than with lamivudine 100
HBV DNA within a few weeks of starting therapy, mg/day for 48 weeks, with a median decrease in
whether co-infected with HIV or without comorbid- serum HBV DNA levels of 6.1–6.4 log10 compared
ity. In contrast, considerable variations in HBV with the 4.7 log10 decrease seen with lamivudine.
DNA decline were observed within the adefovir HBeAg loss was observed in 28% of the patients
dipivoxil group. At week 48 only 44% of the treated with lamivudine, 33% of those treated with
adefovir group, in comparison with 100% of the telbivudine and 17% of those treated with
tenofovir group, exhibited HBV DNA levels <105 telbivudine plus lamivudine. A viral dynamics anal-
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ysis, based on data from the 1-year phase IIb clinical evidence of cellular or mitochondrial toxicity. The
combination of telbivudine and valtorcitabine hastrial, showed that patients treated with telbivudine
been analysed in woodchucks. Over a 12-weekdemonstrate faster and more profound first-phase
treatment period, the combination of telbivudine andclearance as well as significantly improved second-
valtorcitabine cleared PCR-detectable HBV DNA inphase clearance when compared with lamivudine
each of the five animals tested, with no adversemonotherapy. Viral dynamics modeling indicated
reactions reported. If similar antiviral effects arethat the greater second-phase viral clearance
observed in humans, achieving a relatively rapidachieved with telbivudine was associated with a
clearance of HBV viraemia may be a realistic goal.more rapid clearance of HBV-infected cells. This

These combination therapies aim to increase thecorrelates with an improved clinical outcome for the
sustained off-therapy response rates, after a finitetelbivudine-treated patients at 1 year.[49] Phase III
therapeutic course and reduce the probability ofclinical trials of telbivudine in patients with HBeAg-
viral resistance during extended treatment peri-positive and -negative CHB are in progress. The
ods.[51,52] A limitation will certainly be an increase inongoing international phase III clinical study, re-
the cost and, possibly, an increase in adverse effects.ferred to as the GLOBE study, is designed to evalu-
To date, the results from investigating these combi-ate telbivudine head-to-head against lamivudine.
nation therapies have been conflicting and ratherThe GLOBE study, which involves >1300 patients,
disappointing. Clinical trials investigating combina-is one of the largest hepatitis B studies to date and
tions of these new drugs have not been performed,will assist our understanding of the role of
as it is necessary to have the separate approval fortelbivudine as a therapy for CHB.
each drug before evaluating any combination thera-

Another promising β-L-nucleoside compound is
pies. When approval is obtained, these drugs will be

valtorcitabine (val-LdC), a prodrug of torcitabine
evaluated as combination therapies.

with improved oral bioavailability, which is current-
ly in phase I/II testing.[50] This phase I/II study 7. Conclusion
comprised of seven valtorcitabine dosage cohorts

The results of phase III trials investigating the useranging from 50 to 1200 mg/day administered in a
of new antiviral agents have been promising; how-single daily oral dose for 4 weeks, with a 12-week
ever, as yet, none are approved. Once approval hasfollow-up period following treatment. The study
been gained, the majority of these antiviral agentsinvestigated adult HBeAg-positive CHB patients.
will be recommended as long-term antiviralAt baseline, patients had serum HBV DNA >7 log10
monotherapies, or perhaps as part of a combinationcopies/mL and serum ALT levels 1–5 times the
therapy used with other antiviral or immunomodu-upper limit of normal. Results indicate that
latory agents.[53] The agent that demonstrates thevaltorcitabine treatment produced substantial dose-
greatest antiviral efficacy while maintaining the bestdependent viral load reductions. Patients receiving
safety and tolerability profile will be developed fur-the 900 mg/day dosage of valtorcitabine achieved a
ther. Naturally, in this new competitive setting, drugmean 3.04 log10 reduction in serum HBV DNA
cost will be another important issue.levels, representing a 99.9% reduction in viral load

with only 4 weeks of treatment. Valtorcitabine also
Acknowledgementsdemonstrated a favourable safety profile.[50] The

results of the phase I study[50] support continued The authors have provided no information on sources of
funding or on conflicts of interest directly relevant to thedevelopment of valtorcitabine as part of a fixed-dose
content of this review.combination with telbivudine.
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