with antiviral activity against HBV (e.g., tenofovir and emtricitabine),
but if lamivudine is part of the regimen, the daily dose should be
300 mg (Chap. 226). The safety of lamivudine during pregnancy has
not been established; however, the drug is not teratogenic in rodents
and has been used safely in pregnant women with HIV infection and
with HBV infection. Limited data even suggest that administration
of lamivudine during the last months of pregnancy to mothers with
high-level hepatitis B viremia (≥108 IU/mL) can reduce the likelihood
of perinatal transmission of hepatitis B.
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CHAPTER 362

ADEFOVIR DIPIVOXIL
At an oral daily dose of 10 mg, the acyclic nucleotide analogue adefovir dipivoxil, the prodrug of adefovir, reduces HBV DNA by approximately 3.5−4 log10 copies/mL and is equally effective in treatmentnaïve patients and IFN nonresponders. In HBeAg-reactive chronic
hepatitis B, a 48-week course of adefovir dipivoxil was shown to
achieve histologic improvement (and reduce the progression of
fibrosis) and normalization of ALT in just over one-half of patients,
HBeAg seroconversion in 12%, HBeAg loss in 23%, and suppression
to an undetectable level of HBV DNA in 13−21%, as measured by
PCR. Similar to IFN and lamivudine, adefovir dipivoxil is more likely
to achieve an HBeAg response in patients with high baseline ALT
(e.g., among adefovir-treated patients with ALT level >5 × the upper
limit of normal), and HBeAg seroconversions occurred in 25%. The
durability of adefovir-induced HBeAg responses is high (91% in one
study); therefore, HBeAg response can be relied upon as a stopping
point for adefovir therapy, after a period of consolidation therapy, as
outlined above. Although data on the impact of additional therapy
beyond 1 year are limited, biochemical, serologic, and virologic outcomes improve progressively as therapy is continued.
In patients with HBeAg-negative chronic hepatitis B, a 48-week
course of 10 mg/d of adefovir dipivoxil resulted in histologic improvement in two-thirds, normalization of ALT in three-fourths, and
suppression of HBV DNA to PCR-undetectable levels in one-half to
two-thirds. As was true for lamivudine, because HBeAg responses—
a potential stopping point—cannot be achieved in this group,
reactivation is the rule when adefovir therapy is discontinued, and
indefinite, long-term therapy is required. Treatment beyond the first
year consolidates the gain of the first year; after 5 years of therapy,
improvement in hepatic inflammation and regression of fibrosis
were observed in three-fourths of patients, ALT was normal in 70%,
and HBV DNA was undetectable in almost 70%. In one study, stopping adefovir after 5 years was followed by sustained suppression
of HBV DNA and ALT, but most HBeAg-negative patients are treated
indefinitely unless HBsAg loss, albeit very rare, is achieved.
Adefovir contains a flexible acyclic linker instead of the
L-nucleoside ring of lamivudine, avoiding steric hindrance by
mutated amino acids. In addition, the molecular structure of phosphorylated adefovir is very similar to that of its natural substrate;
therefore, mutations to adefovir would also affect binding of the
natural substrate, dATP. Hypothetically, these are among the reasons that resistance to adefovir dipivoxil is much less likely than
resistance to lamivudine; no resistance was encountered in 1 year
of clinical trial therapy. In subsequent years, however, adefovir
resistance begins to emerge (asparagine to threonine at amino
acid 236 [N236T] and alanine to valine or threonine at amino acid
181 [A181V/T], primarily), occurring in 2.5% after 2 years, but in
29% after 5 years of therapy (reported in HBeAg-negative patients).
Among patients co-infected with HBV and HIV and who have normal
CD4+ T cell counts, adefovir dipivoxil is effective in suppressing HBV
dramatically (by 5 logs10 in one study). Moreover, adefovir dipivoxil
is effective in lamivudine-resistant, YMDD-mutant HBV and can
be used when such lamivudine-induced variants emerge. When
lamivudine resistance occurs, adding adefovir (i.e., maintaining
lamivudine to preempt the emergence of adefovir resistance) is
superior to switching to adefovir. Almost invariably, patients with
adefovir-mutant HBV respond to lamivudine (or newer agents,
such as entecavir, see below). When, in the past, adefovir had been
evaluated as therapy for HIV infection, doses of 60−120 mg were

required to suppress HIV, and, at these doses, the drug was nephro- 2035
toxic. Even at 30 mg/d, creatinine elevations of 44 μmol/L (0.5 mg/
dL) occurred in 10% of patients; however, at the HBV-effective dose
of 10 mg, such elevations of creatinine are rarely encountered. If
any nephrotoxicity does occur, it rarely appears before 6−8 months
of therapy. Although renal tubular injury is a rare potential side
effect, and although creatinine monitoring is recommended during
treatment, the therapeutic index of adefovir dipivoxil is high, and
the nephrotoxicity observed in clinical trials at higher doses was
reversible. For patients with underlying renal disease, frequency
of administration of adefovir dipivoxil should be reduced to every
48 h for creatinine clearances of 30−49 mL/min; to every 72 h for
creatinine clearances of 10−29 mL/min; and once a week, following
dialysis, for patients undergoing hemodialysis. Adefovir dipivoxil is
very well tolerated, and ALT elevations during and after withdrawal
of therapy are similar to those observed and described above in
clinical trials of lamivudine. An advantage of adefovir is its relatively
favorable resistance profile; however, it is not as potent as the other
approved oral agents, it does not suppress HBV DNA as rapidly or
as uniformly as the others, it is the least likely of all agents to result
in HBeAg seroconversion, and 20−50% of patients fail to suppress
HBV DNA by 2 log10 (“primary nonresponders”). For these reasons,
adefovir, which has been supplanted in both treatment-naïve and
lamivudine-resistant patients by the more potent, less resistanceprone nucleotide analogue tenofovir (see below), is no longer recommended as first-line therapy.
PEGYLATED INTERFERON
After long-acting PEG IFN was shown to be effective in the treatment of hepatitis C (see below), this more convenient drug was
evaluated in the treatment of chronic hepatitis B. Once-a-week
PEG IFN is more effective than the more frequently administered,
standard IFN, and several large-scale trials of PEG IFN versus oral
nucleoside analogues have been conducted among patients with
HBeAg-reactive and HBeAg-negative chronic hepatitis B.
In HBeAg-reactive chronic hepatitis B, two large-scale studies
were done. One study evaluated PEG IFN-α 2b (100 μg weekly for
32 weeks, then 50 μg weekly for another 20 weeks for a total of 52
weeks, with a comparison arm of combination PEG IFN with oral
lamivudine) in 307 subjects. The other study involved PEG IFN-α
2a (180 μg weekly for 48 weeks) in 814 primarily Asian patients,
three-fourths of whom had ALT ≥2 × the upper limit of normal, with
comparison arms of lamivudine monotherapy and combination
PEG IFN plus lamivudine. At the end of therapy (48−52 weeks) in the
PEG IFN monotherapy arms, HBeAg loss occurred in approximately
30%, HBeAg seroconversion in 22−27%, undetectable HBV DNA
(<400 copies/mL by PCR) in 10−25%, normal ALT in 34−39%, and
a mean reduction in HBV DNA of 2 log10 copies/mL (PEG IFN-α 2b)
to 4.5 log10 copies/mL (PEG IFN-α 2a). Six months after completing
PEG IFN monotherapy in these trials, HBeAg losses were present in
approximately 35%, HBeAg seroconversion in approximately 30%,
undetectable HBV DNA in 7−14%, normal ALT in 32−41%, and a
mean reduction in HBV DNA of 2−2.4 log10 copies/mL. Although
the combination of PEG IFN and lamivudine was superior at the
end of therapy in one or more serologic, virologic, or biochemical
outcomes, neither the combination arm (in both studies) nor the
lamivudine monotherapy arm (in the PEG IFN-α 2a trial) demonstrated any benefit compared to the PEG IFN monotherapy arms 6
months after therapy. Moreover, HBsAg seroconversion occurred in
3−7% of PEG IFN recipients (with or without lamivudine); some of
these seroconversions were identified by the end of therapy, but
many were identified during the posttreatment follow-up period.
The likelihood of HBeAg loss in PEG IFN−treated HBeAg-reactive
patients is associated with HBV genotype A > B > C > D (shown for
PEG IFN-α2b but not for α-2a).
Based on these results, some authorities concluded that PEG IFN
monotherapy should be the first-line therapy of choice in HBeAgreactive chronic hepatitis B; however, this conclusion has been challenged. Although a finite, 1-year course of PEG IFN results in a higher
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