or VZV infections, many consultants use valacyclovir rather than oral
acyclovir in settings where only the latter has been approved because of
valacyclovir’s superior pharmacokinetics and more convenient dosing
schedule.
CIDOFOVIR
Cidofovir is a phosphonate nucleotide analogue of cytosine. Its major
use is in CMV infections, but it is active against a broad range of
herpesviruses, including HSV, human herpesvirus (HHV) types 6A
and 6B, HHV-8, and certain other DNA viruses such as polyomaviruses, papillomaviruses, adenoviruses, and poxviruses, including
variola (smallpox) and vaccinia. Cidofovir does not require initial
phosphorylation by virus-induced kinases; the drug is phosphorylated
by host cell enzymes to cidofovir diphosphate, which is a competitive
inhibitor of viral DNA polymerases and, to a lesser extent, of host
cell DNA polymerases. Incorporation of cidofovir diphosphate slows
or terminates nascent DNA chain elongation. Cidofovir is active
against HSV isolates that are resistant to acyclovir because of absent or
altered thymidine kinase and against CMV isolates that are resistant
to ganciclovir because of UL97 phosphotransferase mutations. CMV
isolates resistant to ganciclovir on the basis of UL54 mutations are
usually resistant to cidofovir as well. Cidofovir is usually active against
foscarnet-resistant CMV, although cross-resistance to foscarnet has
been described.
Cidofovir has poor oral availability and is administered intravenously. It is excreted primarily by the kidney and has a plasma half-life
of 2.6 h. Cidofovir diphosphate’s intracellular half-life of >48 h is the
basis for the recommended dosing regimen of 5 mg/kg once a week
for the initial 2 weeks and then 5 mg/kg every other week. The major
toxic effect of cidofovir is proximal renal tubular injury, as manifested by elevated serum creatinine levels and proteinuria. The risk
of nephrotoxicity can be reduced by vigorous saline hydration and by
concomitant oral administration of probenecid. Neutropenia, rashes,
and gastrointestinal tolerance may also occur.
IV cidofovir has been approved for the treatment of CMV retinitis
in AIDS patients who are intolerant of ganciclovir or foscarnet or in
whom those drugs have failed. In a controlled study, a maintenance
dosage of 5 mg/kg per week administered to AIDS patients reduced
the progression of CMV retinitis from that seen at 3 mg/kg. Intravitreal
cidofovir has been used to treat CMV retinitis but has been associated with significant toxicity. IV cidofovir has been reported
anecdotally to be effective for treatment of acyclovir-resistant
mucocutaneous HSV infections. Likewise, topically administered
cidofovir is reportedly beneficial against mucocutaneous HSV infections in HIV-infected patients. Anecdotal use of IV cidofovir has
been described in disseminated adenoviral infections in immunosuppressed patients and in genitourinary infections with BK virus
in renal transplant recipients; however, its efficacy, if any, in these
circumstances is not established.
CMX-001 (brincidofovir) is an ester prodrug of cidofovir that
can be administered orally and may be less nephrotoxic than IV
cidofovir. It is being evaluated for prevention of CMV infection in
stem cell transplant recipients and for treatment of BK nephropathy
and adenovirus infections.
FOMIVIRSEN
Fomivirsen is the first antisense oligonucleotide approved by the FDA
for therapy in humans. This phosphorothioate oligonucleotide, 21
nucleotides in length, inhibits CMV replication through interaction
with CMV messenger RNA. Fomivirsen is complementary to messenger
transcripts of the major immediate early region 2 (IE2) of CMV, which
codes for proteins regulating viral gene expression. In addition to its
antisense mechanism of action, fomivirsen may exert activity against
CMV through inhibition of viral adsorption to cells as well as direct inhibition of viral replication. Because of its different mechanism of action,
fomivirsen is active against CMV isolates that are resistant to nucleoside
or nucleotide analogues, such as ganciclovir, foscarnet, or cidofovir.
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acyclovir (600 mg five times a day) reduced complications of herpes
zoster ophthalmicus in a placebo-controlled trial.
In chickenpox, a modest overall clinical benefit is attained when
oral acyclovir therapy is begun within 24 h of the onset of rash in otherwise healthy children (20 mg/kg, up to a maximum of 800 mg, four
times a day) or adults (800 mg five times a day). IV acyclovir has also
been reported to be effective in the treatment of immunocompromised
children with chickenpox.
The most widespread use of acyclovir is in the treatment of genital
HSV infections. IV or oral acyclovir or oral valacyclovir has shortened
the duration of symptoms, reduced virus shedding, and accelerated
healing when used for the treatment of primary genital HSV infections.
Oral acyclovir and valacyclovir have also had a modest effect in treatment of recurrent genital HSV infections. However, the failure of treatment of either primary or recurrent disease to reduce the frequency
of subsequent recurrences has indicated that acyclovir is ineffective
in eliminating latent infection. Documented chronic oral administration of acyclovir for up to 6 years or of valacyclovir for up to 1 year
has reduced the frequency of recurrences markedly during therapy;
once the drug is discontinued, lesions recur. In one study, suppressive
therapy with valacyclovir (500 mg once daily for 8 months) reduced
transmission of HSV-2 genital infections among discordant couples
by 50%. A modest effect on herpes labialis (i.e., a reduction of disease
duration by 1 day) was seen when valacyclovir was administered upon
detection of the first symptom of a lesion at a dose of 2 g every 12 h
for 1 day. In AIDS patients, chronic or intermittent administration of
acyclovir has been associated with the development of HSV and VZV
strains resistant to the action of the drug and with clinical failures.
The most common mechanism of resistance is a deficiency of the
virus-induced thymidine kinase. Patients with HSV or VZV infections
resistant to acyclovir have frequently responded to foscarnet.
With the availability of the oral and IV forms, there are few indications for topical acyclovir, although treatment with this formulation
has been modestly beneficial in primary genital HSV infections and in
mucocutaneous HSV infections in immunocompromised hosts.
Overall, acyclovir is remarkably well tolerated and is generally free
of toxicity. The most frequently encountered form of toxicity is renal
dysfunction because of drug crystallization, particularly after rapid IV
administration or with inadequate hydration. Central nervous system
changes, including lethargy and tremors, are occasionally reported, primarily in immunosuppressed patients. However, whether these changes
are related to acyclovir, to concurrent administration of other therapy, or
to underlying infection remains unclear. Acyclovir is excreted primarily
unmetabolized by the kidneys via both glomerular filtration and tubular secretion. Approximately 15% of a dose of acyclovir is metabolized
to 9-[(carboxymethoxy)methyl]guanine or other minor metabolites.
Reduction in dosage is indicated in patients with a CrCl of <50 mL/min.
The half-life of acyclovir is ~3 h in normal adults, and the peak plasma
concentration after a 1-h infusion of a dose of 5 mg/kg is 9.8 μg/mL.
Approximately 22% of an orally administered acyclovir dose is absorbed,
and peak plasma concentrations of 0.3–0.9 μg/mL are attained after
administration of a 200-mg dose. Acyclovir penetrates relatively well
into the cerebrospinal fluid (CSF), with concentrations approaching half
of those found in plasma.
Acyclovir causes chromosomal breakage at high doses, but its
administration to pregnant women has not been associated with fetal
abnormalities. Nonetheless, the potential risks and benefits of acyclovir should be carefully assessed before the drug is used in pregnancy.
Valacyclovir exhibits three to five times greater bioavailability than
acyclovir. The concentration-time curve for valacyclovir, given as 1 g
PO three times daily, is similar to that for acyclovir, given as 5 mg/kg
IV every 8 h. The safety profiles of valacyclovir and acyclovir are similar, although thrombotic thrombocytopenic purpura/hemolytic-uremic
syndrome has been reported in immunocompromised patients who
have received high doses of valacyclovir (8 g/d). Valacyclovir is approved
for the treatment of herpes zoster, of initial and recurrent episodes of
genital HSV infection, and of herpes labialis in immunocompetent
adults as well as for suppressive treatment of genital herpes. Although it
has not been extensively studied in other clinical settings involving HSV

