215e-10 (43% after 4 years) in patients previously infected with lamivudine-

resistant virus. Entecavir-resistant strains appear to be sensitive to
adefovir and tenofovir.
Entecavir is highly bioavailable but should be taken on an empty
stomach because food interferes with its absorption. The drug is
eliminated primarily in unchanged form by the kidneys, and its dosage
should be adjusted for patients with CrCl values of <50 mL/min. Overall,
entecavir is well tolerated, with a safety profile similar to that of lamivudine. As with other anti-HBV treatments, exacerbation of hepatitis
may occur when entecavir therapy is stopped. Entecavir is approved for
treatment of chronic hepatitis B, including infection with lamivudineresistant viruses, in adults. Entecavir has some activity against HIV-1
(median effective concentration, 0.026 to >10 μM) but should not be
used as monotherapy in HIV-positive patients because of the potential
for development of HIV resistance due to the M184V mutation.
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TELBIVUDINE
Telbivudine is a β-l enantiomer of thymidine and is a potent, selective
inhibitor of HBV. Its active form is telbivudine triphosphate, which
inhibits HBV DNA polymerase and causes chain termination but has
little or no activity against human DNA polymerase. Administration
of telbivudine at an oral dose of 600 mg/d for 52 weeks to patients with
chronic hepatitis B resulted in reduction of HBV DNA by 5.2–6.4 log10
copies/mL along with normalization of ALT levels in 74–77% of recipients and improved histopathology in 65–67% of patients. Telbivudineresistant HBV is generally cross-resistant with lamivudine-resistant
virus but is usually susceptible to adefovir. After 2 years of therapy,
resistance to telbivudine was noted in isolates from 22% of HBeAgpositive patients and in those from 9% of HBeAg-negative patients.
Orally administered telbivudine is rapidly absorbed; because it is
eliminated primarily by the kidneys, its dosage should be reduced in
patients with a CrCl value of <50 mL/min. Telbivudine is generally well
tolerated, but increases in serum levels of creatinine kinases as well
as fatigue and myalgias have been observed. As with other anti-HBV
drugs, hepatitis may be exacerbated in patients who discontinue telbivudine therapy. Telbivudine has been approved for the treatment of
adults with chronic hepatitis B who have evidence of viral replication
and either persistently elevated serum aminotransferase levels or histopathologically active disease, but it has not been widely used because of
the frequency of development of resistance, as noted above.

INTERFERONS
IFNs are cytokines that exhibit a broad spectrum of antiviral activities
as well as immunomodulating and antiproliferative properties. IFNs
are not available for oral administration but must be given IM, SC, or
IV. Early studies with human leukocyte IFN demonstrated an effect
in the prophylaxis of experimentally induced rhinovirus infections
in humans and in the treatment of VZV infections in immunosuppressed patients. DNA recombinant technology has made available
highly purified α, β, γ, and λ IFNs that have been evaluated in a variety
of viral infections. Results of such trials have confirmed the effectiveness of intranasally administered IFN in the prophylaxis of rhinovirus
infections, although its use has been associated with nasal mucosal
irritation. Studies have also demonstrated a beneficial effect of intra
lesionally or systemically administered IFNs on genital warts. The
effect of systemic administration consists primarily of a reduction in
the size of the warts, and this mode of therapy may be useful in persons
who have numerous warts that cannot easily be treated by individual
intralesional injections. However, lesions frequently recur after either
intralesional or systemic IFN therapy is discontinued.
IFNs have undergone extensive study in the treatment of chronic
HBV infection. The administration of standard IFN-α2b (5 million
units daily or 10 million units three times a week for 16–24 weeks) to
patients with stable chronic HBV infection resulted in loss of markers
of HBV replication, such as HBeAg and HBV DNA, in 33–37% of
cases; 8% of patients also became negative for hepatitis B surface
antigen. In most patients who lose HBeAg and HBV DNA markers,
serum aminotransferases return to normal levels, and both short- and
long-term improvements in liver histopathology have been described.

Predictors of a favorable response to standard IFN therapy include low
pretherapy levels of HBV DNA, high pretherapy serum levels of ALT,
a short duration of chronic HBV infection, and active inflammation in
liver histopathology. Poor responses are seen in immunosuppressed
patients, including those with HIV infection.
In pegylated IFNs, IFN alphas are linked to polyethylene glycol.
This linkage results in slower absorption, decreased clearance, and
more sustained serum concentrations, thereby permitting a more convenient, once-weekly dosing schedule; in many instances, pegylated
IFN has supplanted standard IFN. After 48 weeks of treatment with
180 μg of pegylated IFN-α2a, HBV DNA was reduced by 4.1–4.5 log10
copies/mL, with normalization of serum ALT levels in 39% of patients
and improved histology in 38%. Response rates were somewhat higher
when lamivudine was administered with pegylated IFN-α2a. Adverse
effects of IFN are common and include fever, chills, myalgia, fatigue,
neurotoxicity (manifested primarily as somnolence, depression, anxiety, and confusion), and leukopenia. Autoantibodies (e.g., antithyroid
antibodies) can also develop. IFN-α2b and pegylated IFN-α2a are
approved for the treatment of patients with chronic hepatitis B. Data
supporting the therapeutic efficacy of pegylated interferon-α2b in
HBV infection have been published; the drug has not been approved
for this indication in the United States but has been approved for treatment of chronic HBV infection in other countries.
Several IFN preparations, including IFN-α2a, IFN-α2b, IFNalfacon-1, and IFN-αm1 (lymphoblastoid), have been studied as
therapy for chronic HCV infections. A variety of monotherapy regimens have been studied, of which the most common for standard IFN
is IFN-α2b or -α2a at 3 million units three times per week for 12–18
months. The addition of oral ribavirin to IFN-α2b—either as initial
therapy or after failure of IFN therapy alone—results in significantly
higher rates of sustained virologic and/or serum ALT responses
(40–50%) than are obtained with monotherapy. Comparative studies
indicate that pegylated IFN-α2b or -α2a therapy is more effective than
standard IFN treatment against chronic HCV infection. The combination of SC pegylated IFN and oral ribavirin results in sustained
virologic responses (SVRs) in 42–51% of patients with HCV genotype
1 infection and in 76–82% of patients with genotype 2 or 3 infection.
Ribavirin appears to have a small antiviral effect in HCV infection but
may also be working through an immunomodulatory effect in combination with IFN. Optimal results with ribavirin appear to be associated
with weight-based dosing. Prognostic factors for a favorable response
include an age of <40 years, a short duration of infection, low levels
of HCV RNA, a lesser degree of liver histopathology, and infection
with HCV genotypes other than 1. IFN-alfacon, a synthetic “consensus” α interferon, appears to produce response rates similar to those
elicited by standard IFN-α2a or -α2b alone. In 2014, the approval of
a polymerase inhibitor, sofosbuvir, and a second-generation protease
inhibitor, simeprevir, led to revised recommendations for treatment of
hepatitis C with triple combinations of pegylated IFN, ribavirin, and
one of these two drugs, depending on the viral genotype (see below
and Table 215e-1).
IFN-α and pegylated IFN-α are active against hepatitis D, but high
doses are required (9 million units three times per week for 48 weeks).
IFN-α elicited an SVR in 25–30% of patients, whereas pegylated IFN-α
had a variable effect, evoking an SVR in 17–43% of patients. However,
long-term biochemical and histologic improvements have been seen,
even in the absence of sustained inhibition of viral replication.

POLYMERASE INHIBITORS
SOFOSBUVIR
Sofosbuvir is the prodrug of a uridine nucleoside inhibitor of the HCV
RNA NS5B polymerase. Its metabolism to the active uridine nucleoside triphosphate results in chain termination. Sofosbuvir is active
against all HCV genotypes (1–6) and has a median effective concentration (EC50) of 0.7–2.6 μM against NS5B. Resistance to sofosbuvir is
conferred by an S282T substitution in NS5B, but clinically expressed
resistance to treatment has only rarely been encountered in patients
who receive sofosbuvir.

