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Miscellaneous Antiviral Agents

(Interferons, Imiquimod, Pleconaril)
Raphael Dolin

SHORT VIEW SUMMARY

INTERFERONS

Interferons are potent cytokines that stimulate
antiviral, immunomodulating, and
antiproliferative effects.

They are classified as type I (o, B), Il (y), or IlI
() (see Table 47-1) and administered
subcutaneously or intramuscularly, but
pharmacokinetic properties are not well linked
to physiologic effects.

Attachment to polyethylene glycol (pegylation)
prolongs half-life and possibly decreases
immunogenicity and results in more
convenient dosing, but toxicities persist,
including anemia and other cytopenias,
depression, thyroid dysfunction, and

fatigue.

Major clinical use is in treatment of hepatitis B
and hepatitis C (see Chapter 46).

They are also approved for treatment of

IMIQUIMOD AND RESIQUIMOD

These agents are topically applied Toll-like
receptor (TLR) 7 (imiquimod) and TLR7/TLR8
(resiquimod) agonists.

Imiquimod is approved for treatment

of anogenital warts and results in
clearance of these lesions in 37% to

52% of cases.

Local skin toxicity is common, consisting of
erythema, burning, and tenderness.
Resiquimod is an investigational compound
with somewhat greater potency than
imiquimod.

Resiquimod has been studied in genital
herpes simplex virus infection, with early
suggestion of decreases in rates of
recurrences, but a recent phase Ill study
failed to support an effect on

recurrences.

PLECONARIL

An antipicornavirus drug, pleconaril inhibits
viral replication by binding to a hydrophobic
pocket on the viral capsid.

In vitro activity is against almost all commonly
isolated enteroviruses and 90% of rhinovirus
clinical isolates.

Orally administered and generally well
tolerated, pleconaril induces CYP3A isoenzymes
and therefore has multiple drug interactions.
Its use has been studied in enteroviral
meningitis, but effects on headache and illness
duration were inconsistent.

Pleconaril has reduced the duration of
rhinovirus infection by 1 day but is not
approved by the U.S. Food and Drug
Administration for this indication.

This agent is no longer under clinical
development.

anogenital warts.

Antiviral agents are discussed here that have activity against a variety
of viral infections in addition to those addressed in Chapters 43 to 46.
The major clinical use of interferons is in treatment of hepatitis B and
C, which is discussed in Chapter 46.

INTERFERONS
Classification
Since their discovery in 1957 as mediators of the phenomenon of viral
interference (i.e., inhibition of growth of one virus by another), inter-
ferons (IFNs) have become recognized as potent cytokines that are
associated with complex antiviral, immunomodulating, and antiprolif-
erative actions.'” IFNs are proteins that are synthesized by eukaryotic
cells in response to various inducers and that cause biochemical
changes leading to a nonselective antiviral state in exposed cells of the
same species. Three subfamilies of IFNs are recognized. Type I IFNs
are the largest subfamily and include the IFN-os (13 subtypes in
humans) and the IFN-fs. The type II subfamily has only one member,
IEN-y. Type III is the subfamily most recently identified and includes
IFN-A,* of which there are three subtypes (A1, A2, A3), also known as
interleukin (IL)-28, IL-29, and IL-28R.>* A fourth interferon A subtype
(A4) has been recently identified.** The type I IFNs are clustered on the
short arm of chromosome 9 in humans,” Type II IFN is on chromo-
some 12, and type III IFNs are encoded on chromosome 19.° Formerly
designated on the basis of the cell types from which they were derived,
the IFN-ois, the IFN-f3, and IFN-y are the IFNs currently in clinical use
(Table 47-1), whereas IFN-A is being studied for hepatitis C. Each type
is immunologically distinct and has different producer cells, inducers,
and biologic effects and unique physicochemical characteristics.>*’
The IFN-os and IFN-f3s are produced by almost all cells in response
to viral infection and various other stimuli, including double-stranded
RNA (dsRNA); bacteria; protozoa; mycoplasmas; polyanions; several
low-molecular-weight organic compounds; and certain cytokines and
growth factors, such as IL-1, IL-2, and tumor necrosis factor (TNF).
IEN-y production is restricted to T lymphocytes and natural killer cells
responding to antigenic stimuli, mitogens, and certain cytokines, such
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as IL-2. The IFN-As also appear to be produced by multiple cell types."
The principal antiviral IFNs, IFN-as and IFN-fs, are approximately
30% homologous at the amino-acid level. The human IFN-os share
a high degree of amino-acid sequence homology (>70%) but have dif-
fering in vitro antiviral and biologic effects on human cells." Com-
pared with the IFN-os and IFN-fs, IFN-y has less antiviral activity but
more potent immunoregulatory effects, particularly with respect to
macrophage activation, expression of class II major histocompatibility
complex (MHC) antigens, and mediation of local inflammatory
responses. Most IFNs in clinical use are produced by recombinant
DNA techniques (see Table 47-1).

Mechanisms of Action

A wide range of animal viruses are sensitive to the antiviral actions of
IFNs, although many DNA viruses are relatively insensitive and con-
siderable differences in potency exist among viruses and assay systems.
IEN activity is usually measured in terms of antiviral effects in cell
culture. Typically, one unit of IFN activity is the amount present in a
sample dilution that causes a 50% reduction in virus replication or
expression in certain cell lines; this is generally expressed as interna-
tional units (IU) relative to National Institutes of Health or World
Health Organization reference standards.

IFNs are not directly antiviral but cause elaboration of effector
proteins in exposed cells, which contribute to a state of viral resis-
tance."">" The initial step involves IFN binding to specific cell surface
receptors. For the type I IFNs (IFN-os and IFN-f) the cognate receptor
is IFNAR1/2. Type II IFNs (IFN-y) use the homodimeric receptors,
IFNGR1/2. Type III IFNs (IFN-A) signal through a receptor complex
consisting of IL10R2 and IFNLR1.*** IFN receptors are linked to the
Janus kinase/signal transducer and activator of transcription (JAK-
STAT) signaling pathways, which, through a multistep process, activate
transcription factors that bind selectively to and upregulate approxi-
mately 100 IFN-regulated genes.””"” The distinct pattern of STAT pro-
teins activated by different IFNs is one mechanism for eliciting different
cellular responses. For IFN-o and IFN-B, a three-protein complex
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TABLE 47-1 Nomenclature and Classification of Human Interferons (IFNs)

SUBFAMILY TYPE | TYPE | TYPE 1l TYPE Il
Class* o B % A

No. of subtypes 13 1 1 4

Receptor IFNAR1/2 IFNAR1/2 IFNGR1/2 ILTOR2, IFNLR1
Human chromosome 9 9 12 19

rIFN-02b (Intron A)
IFN-02a (Roferon-A)
Le-IFN-an3 (Alferon N)
Ly-IFN-an1 (Wellferon)
rIFNalfacon-1 (Infergen)
Peg-IFN-02a (Pegasys)
Peg-IFN-a2b (PEG-Intron)

Commercial formulations

rIFN-B1b (Betaseron)
rIFN-B1a (Avonex, Rebif)

rIFN-y1b (Actimmune) Peg-IFNA1

rIFN-y (Immuneron)

*Type | classes in humans also include IFNe and IFN@.

known as IFN-stimulated gene factor 3 (ISGF-3) localizes to the
nucleus and binds to a cis-acting DNA element (designated IRSE) that
activates transcription of the target genes.'

A family of IFN regulatory factors exists, and other pathways may
contribute to regulation of the IFN response. Microarray analysis
shows that many genes are upregulated by IFN-f3 but not by IFN-o. or
IFN-yin vitro."” The onset of IFN-induced antiviral action is rapid, and
IEN exposure leads to production of more than two dozen cellular
proteins. For many viruses, the primary antiviral effect of IFN in vitro
is mediated by inhibition of viral protein synthesis. Depending on the
virus and cell type, the antiviral actions of IFNs may also include
inhibition of viral penetration or uncoating, synthesis or methylation
of messenger (m)RNA, or viral assembly and release.

Among the better-characterized IFN-induced proteins are unique
2’-5’-oligoadenylate (2-5[A]) synthetases and protein kinase R (PKR),
either of which can inhibit protein synthesis in the presence of dsRNA.'
The 2-5(A) synthetase produces adenylate oligomers that activate
a latent cellular endoribonuclease (RNase L) to cleave cellular and
viral single-stranded (ss)RNAs, leading to inhibition of protein synthe-
sis. Activated PKR selectively phosphorylates and inactivates eukary-
otic initiation factor (eIF)-2 to impede translation. Activated PKR also
phosphorylates the transcription factor inhibitor IxB and mediates
dsRNA-induced activation of nuclear factor (NF)-xB, which is required
for IFN-f synthesis. IFNs may also block mRNA capping by inhibiting
transmethylation reactions. IFNs also induce human guanylate binding
protein-1, which mediates antiviral activity for several RNA viruses;
the soluble form of the low-density lipoprotein receptor inhibitory for
rhabdovirus assembly'®; the MxA protein (a guanosine triphosphatase
with activity against orthomyxoviruses and certain RNA viruses)'’; and
the RNA-specific adenosine deaminase ADR1, which modifies RNA
transcripts after transcription.’

IFNs also inhibit hepatitic C virus (HCV) internal ribosome entry
site—-dependent RNA translation in vitro.”” Induction of nitric oxide
synthase seems to mediate a substantial antiviral effect of IFN-y.”
Increased levels of 2-5(A) synthetase activity and MxA protein or
mRNA in peripheral leukocytes are also used as a marker for IFN
exposure or endogenous release."”

Except possibly for the Mx proteins and influenza viruses and for
2-5(A) synthetase/RNase-L and picornaviruses, no consistent correla-
tions exist between induction of a particular protein and resistance to
a specific virus across a range of cell types.”” A particular virus may be
inhibited at several steps, and the principal inhibitory effect differs
among virus families. Many viruses are able to counter IFN effects by
blocking signaling and production or activity of selected IFN-inducible
proteins.”"” The NS5A protein of HCV represses the function of the
IFN-induced PKR,” and another hepatitis C virus protein E2 competi-
tively inhibits PKR kinase activity. The NSI gene of influenza is an IFN
antagonist that binds dsRNA to inhibit IFN production and dsRNA-
activated pathways. IFN exposure may also reduce the expression of
certain cellular genes, including selected oncogenes and genes involved
in collagen synthesis.

The viral and immune IFN systems are functionally nonredun-
dant,"” and complex interactions exist between IFNs and between
IFNs and other parts of the immune system.”** IFNs upregulate major

histocompatibility complex (MHC) class I expression and promote
cytotoxic T-cell responses, regulate the expression of cytokines (IL-12,
IL-15, IFN-y) and chemokines that affect T-cell responses, alter expres-
sion of Toll-like receptors (TLRs), enhance natural killer cell cytotoxic-
ity, and promote the differentiation of dendritic cells and T helper type
1 (Th1) lymphocytes.'”* IFN-a is produced by macrophages and can
modify macrophage functions, increasing phagocytosis and cytolytic
activity. Consequently, IFNs may ameliorate viral infections by exert-
ing direct antiviral effects and by modifying the immune response to
infection. IFN-induced expression of MHC antigens may contribute to
the antiviral actions of IFN by enhancing antigen presentation and the
lytic effects of cytotoxic T lymphocytes. The IFN-as, the IFN-fs, and
IFN-ylead to increased expression of class I MHC molecules, but only
IFN-y efficiently induces class II MHC molecules.' Several viruses,
including cytomegalovirus and varicella-zoster virus, antagonize
IFN-y-induced MHC expression. In addition, proapoptotic and anti-
apoptotic genes are induced by IFNs"” and IFN-o. and IFN-f are
important mediators of apoptosis, including induction of TP53."*

IFN titers generally appear at the sites of viral replication just after
peak titers of virus and before humoral antibody responses. IFNs may
mediate some of the systemic symptoms associated with viral infec-
tions and contribute to immunologically mediated tissue damage in
certain viral diseases. High IFN titers are usually followed by a reduc-
tion of virus titers, although persistently elevated IFN titers have been
recognized in certain chronic and acute viral infections (e.g., hemor-
rhagic fevers).

Pharmacokinetics
The prolonged biologic effects of IFNs are not easily related to serum
concentrations or other conventional pharmacokinetic parameters.
After intramuscular or subcutaneous injection of IFN-a, absorption is
greater than 80%.”*” Plasma levels are dose related, peaking at 4 to 10
hours and returning to baseline by 18 to 36 hours. Levels of 2-5(A)
synthetase in peripheral blood mononuclear cells, which have been
used as an index of biologic responsiveness to IFN, show increases
beginning at 6 hours and lasting through 4 days after a single dose. An
antiviral state in these cells is detectable at 1 hour, peaks at 24 hours,
and slowly decreases to baseline by 6 days after injection. Intramuscu-
lar or subcutaneous injections of IFN-f result in negligible plasma
levels, although increases in 2-5(A) synthetase may occur. Oral admin-
istration does not result in detectable serum IFN levels or increases in
2-5(A) synthetase activity in peripheral blood mononuclear cells.”
After systemic administration, low levels of IFNs are detected in
respiratory secretions, cerebrospinal fluid, eye, and brain. After intra-
venous dosing, cerebrospinal fluid levels average less than 1% of serum
concentrations.” The IFEN-as are stable in most body fluids, whereas
the IFN-Bs and IFN-y seem to lose activity readily. It is unknown,
however, whether measurable IFN levels at a particular site accurately
reflect its antiviral or other biologic activities. The IFN-os and the
IFN-fs are cleared rapidly in a complex fashion. Leukocyte and recom-
binant IFN-o. species have a plasma elimination half-life (t,;,) of 3
to 8 hours. The clearance of IFN includes inactivation by various body
fluids, cellular uptake, and metabolism by body organs, primarily the
kidney, although negligible biologically active IFN is excreted in the
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urine. Clearance of IFN-02 is reduced by 64% to 79% in hemodialysis
patients.”

The attachment of polyethylene glycol to IFN slows absorption,
decreases clearance, increases t,,, and results in higher and more
sustained serum concentrations, so that once-weekly dosing is effec-
tive. Two types of pegylated (peg) IFN-a. are currently approved: peg-
IFN-02a has a 40-kDa branched polyethylene glycol moiety attached
by a stable amide bond to lysine residues within the IFN protein, and
peg-IFN-02b has a 12-kDa linear moiety attached to histidine resi-
dues. Peg-IFN-02a is more stable and dispensed in solution, whereas
peg-IFN-02b requires reconstitution before use. Peg-IFN-02a is
cleared primarily by the liver, whereas about 30% of peg-IFN-a2b is
cleared renally.”® For peg-IFN-02a (multiple 180-ug doses), a peak
serum concentration of 26 ng/mL occurs at about 45 hours after the
dosing, and t,/;,, is 80 to 90 hours. Steady-state serum levels are
attained 5 to 8 weeks after initiation of weekly dosing. Moderate renal
impairment and presence of cirrhosis do not affect pharmacokinetics,
although clearance is reduced by 25% to 45% in patients with renal
failure on hemodialysis. For peg-IFN-02b, dose-related maximal
plasma concentrations (1.4 ng/mL with multiple doses of 1.5 ug/kg)
occur at 15 to 44 hours after dosing and decline w1th A tygim of 30 to
40 hours, or about 10-fold longer than for IFN-02b.” Some accumula-
tion occurs with repetitive dosing. Dosage reductions in both peg-IFNs
are indicated in end-stage renal disease.

Interactions

IFN and its inducers reduce the metabolism of various drugs by the
hepatic cytochrome P-450-dependent mixed-function oxidase system
and specifically decrease CYP1A2-mediated clearance of theophylline.
IFNs may increase the neurotoxic, hematotoxic, or cardiotoxic effects
of other drugs, including increased risk for anemia with ribavirin.

Toxicity

Purified natural and recombinant IFNs are associated with dose-
related immediate- and late-onset toxicities.”" Adverse effects are gen-
erally mild and reversible at dosages of less than 5 million IU/day.”
Intramuscular and subcutaneous injections of IFN doses of 1 to 2
million IU or more are usually associated with an acute influenza-like
syndrome, including fever, chills, headache, malaise, myalgia, arthral-
gia, nausea, vomiting, and diarrhea, especially during the first week of
therapy. Symptoms begin several hours after administration and are
most prominent 8 to 24 hours after dosing. Despite more prolonged
blood levels, the duration of influenza-like symptoms after peg-IFN is
similar to that after conventional IFNs.” Tolerance develops in most
patients within several weeks. Febrile responses can be moderated by
pretreatment with various antipyretics. Half of patients receiving intra-
lesional therapy for genital warts experience the influenza-like illness.
Intralesional IFN also causes discomfort at the injection site and leu-
kopenia. Local reactions consisting of tenderness and erythema also
occur after subcutaneous injection, and intranasal IFN causes local
irritation.

Major toxicities that limit dosage and duration of IFN therapy are
bone marrow suppression with granulocytopenia and thrombocytope-
nia; neuropsychiatric disturbance manifested by depression, anxiety,
somnolence, confusion, behavioral disturbance, electroencephalo-
graphic changes, and, rarely, seizures; reversible neurasthenia with
profound fatigue, anorexia, weight loss, and myalgia; thyroid dysfunc-
tion and autoimmune thyroiditis; and cardiotoxicity with hypotension,
arrhythmias, and reversible cardiomyopathy. Psychiatric disturbance
and depression are more common in patients with preexisting disor-
ders but can also occur in otherwise healthy individuals. Elevations in
hepatic enzymes and triglycerides and retinopathy are common.” IFN
may lead to the development of or exacerbate various immunologically
mediated disorders, including sarcoidosis, systemic lupus erythemato-
sus, psoriasis, vitiligo, lichen planus, and eczematoid skin lesions. Rare
pulmonary manifestations include interstitial pneumonia, bronchio-
litis obliterans, organizing pneumonia, asthma, and pleural effusion.”
Alopecia, proteinuria, renal insufficiency, interstitial nephritis, autoan-
tibody formation, bacterial infections, and hepatotoxicity occur.™
Acute allergic reactions are rare. Patients with autoimmune chronic
hepatitis, who may have false-positive enzyme immunoassay tests for

anti-HCV antibodies, can experience worsening of their disease if
treated with IFN.”

The adverse effects of peg-IFNs are similar to the adverse effects
with conventional IFNs, although dose-related neutropenia and
thrombocytopenia and injection site reactions are more common.
About 50% of peg-IFN-treated patients with chronic hepatitis C
develop fatigue and systemic symptoms after injections; 20% to 30%
experience depression or other psychiatric reactions; and approxi-
mately 10% to 16% discontinue treatment because of adverse events,
most commonly psychiatric disorders.’®”” Peg-IFN-0:2a may be associ-
ated with a lesser frequency of depression.”’

The development of serum neutralizing antibodies to exogenous
IENs varies with the IFN type, dosage, and route of administration
but may be more common with IFN-02a.” Neutralizing antibodies
may be associated infrequently with loss of clinical responsiveness.”
Pegylation may reduce the immunogenicity of IFNs, and anti-PEG
antibody seems to be rare.

IFNs may impair fertility and alter hormone levels in women. IFN
is an abortifacient in monkeys at high dosages and has been used in
small numbers of pregnant women, so safety during pregnancy is not
established.” It is classified as pregnancy category C.

Clinical Studies

IFNs have undergone clinical studies in a broad variety of infections,
malignancies, and other diseases. Depending on the IFN type, recom-
binant and natural IFN-c. (see Table 47-1) are approved in the United
States for treatment of condyloma acuminatum, chronic hepatitis C,
chronic hepatitis B, Kaposi sarcoma in human immunodeficiency
virus (HIV)-infected patients, and other malignancies. IFN-f3 is
approved for management of multiple sclerosis. Recombinant IFN-y is
approved for treatment of chronic granulomatous disease. The major
uses for interferons are treatments for hepatitis B and C, and the
clinical studies of IFNs for those infections are discussed in detail in
Chapters 46 and 119.

Herpesviruses

Although IFN is associated with antiviral effects against herpes simplex
viruses (HSVs), no consistent reductions in symptoms or lesion dura-
tion have been observed with topical or systemic IFN treatment of
genital herpes.”’ Topical IFN seems to have some activity in combina-
tion with trifluridine in drug-resistant mucocutaneous HSV infections.
In superficial HSV keratitis, combined administration of topical IFN-o.
with trifluridine or acyclovir seems to be more effective than single-
agent therapy.

In localized herpes zoster in cancer patients, early treatment with
high-dose IFN-o. (about 36 million IU/day for 5 to 7 days) reduces the
risk for cutaneous or visceral dissemination, but systemic reactions
are frequent, and more effective antiviral agents are available. IFN is
ineffective in preventing cytomegalovirus (CMV) infection in bone
marrow recipients or in treating CMV pneumonia.

Human Immunodeficiency Virus

HIV-infected patients frequently have detectable IFN levels, and
plasma inhibitors of IFN activity are often present during the acquired
immunodeficiency syndrome. High doses of IFN-o. induce 10% to 40%
response rates in patients with Kaposi sarcoma without benefiting
concurrent herpesvirus infections or immune functions.”' IFN treat-
ment is associated not only with dose-related antiretroviral effects,
particularly in early-stage infection, but also with adverse effects.*”” IFN
seems to benefit HIV-related thrombocytopenia® and eosinophilic
folliculitis.

Papillomavirus

Intralesional and systemic forms of administration of IFN produce
some regression of anogenital warts,* although more cost-effective and
better tolerated modalities are available (see Chapter 146).* Intrale-
sional injection of various natural and recombinant IFNs is associated
with complete clearance of injected warts in 42% to 62% of patients
within 12 to 20 weeks.*® Responders have low relapse rates (20% to
30%). Responsiveness is poor in HIV-infected patients and patients
with chronic lesions. Intralesional IFN does not reliably increase the



579

response to other local therapies.*® Mild to moderate systemic side
effects (8% to 10% dropout rate), pain and irritation at injection site,
and leukopenia (<30%) are common with intralesional IFN. Topical
IFN gel provides inconsistent effects and does not seem to reduce the
recurrence rate substantially after ablative therapies.*

Systemic IFN may provide adjunctive benefit in recurrent juvenile
laryngeal papillomatosis. Most children have some initial decrease in
lesions, but recurrence rates are high after cessation of therapy, and the
long-term response to parenteral IFN-a is variable.” Laryngeal disease
in older patients seems to be more responsive.

Respiratory Viruses

Except against adenovirus, IFNs have broad-spectrum antiviral activity
against respiratory viruses in vitro, including severe acute respiratory
syndrome (SARS) coronavirus.* In experimentally induced infections
in humans, intranasal administration of leukocyte or recombinant
IFN-o is protective against rhinovirus, coronavirus 229E, respiratory
syncytial virus (RSV), and, to a lesser extent, influenza virus infec-
tions.” Under natural conditions, prophylactic intranasal IFN-o. is
protective only against rhinovirus colds, however, and long-term use
is limited by the occurrence of nasal side effects. Intranasal IFN-o. is
ineffective in treating rhinovirus colds. The IFN-os and the IFN-fs and
IFN-y inhibit SARS coronavirus replication in vitro,* and the systemic
IFN-os have been used to treat SARS coronavirus illness, but the ben-
eficial effect, if any, is unclear.”*'

IMIQUIMOD AND RESIQUIMOD
Imiquimod (Aldara) is an imidazoquinoline compound (Fig. 47-1A)
that is a TLR7 agonist; it acts as a topical immune response modifier
lacking direct antiviral effects. Imiquimod exposure causes activation
of immune cells (monocytes, macrophages, natural killer cells) to
produce antiviral cytokines, particularly IFN-o and TNF-o. and inter-
leukin (IL)-12, IL-10, IL-1, IL-6, and IL-8.”**’ Imiquimod indirectly
enhances acquired immune responses through activation of antigen-
presenting dendritic cells, including Langerhans cells and Th1 lympho-
cytes. IFN-yproduction from T cells stimulates cytotoxic T lymphocytes,
which is important in clearance of virally infected cells. Clinical
responses in anogenital warts are associated with decreases in human
papillomavirus (HPV) DNA copies and RNA transcripts in treated
skin.”* Resiquimod is a structurally related investigational compound
(see Fig. 47-1B) that is a TLR7/TLR8 agonist and is associated with
greater stimulation of cytokines and with activation of dendritic cells.”
Topical imiquimod 5% cream is approved for patient-applied treat-
ment of anogenital warts and has been used in other mucocutaneous
infections and dermatologic conditions.” In immunocompetent
patients, imiquimod (three overnight applications [for approximately
8 hours] weekly for up to 16 weeks) leads to complete wart clearance
in 37% to 52%.">°>°° Clearance rates (39% to 52%) are not different
with 4, 8, 12, or 16 weeks of treatment.” Daily application increases
local adverse effects without increasing clearance rates.” Imiquimod
and podophyllin are similar in efficacy with 50% and 55% clearance
rates.” Clearance rates are higher in women than in men and substan-
tially lower (<15%) in HIV-infected individuals.””®* In one study in
women, clinical outcome was related to HPV type: complete response
rates were 76% for HPV-6, 67% for HPV-11, 35% for HPV-6 and
HPV-11 coinfection, and 6% for other HPV types.” The time to
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FIGURE 47-1 Chemical structure of (A) imiquimod and (B)
resiquimod.

clearance averages 8 to 10 weeks. Recurrences are less common (14%
to 19%) than after ablative therapies, and re-treatment is frequently
successful.”” Imiquimod may be useful as an adjunct to laser or surgical
ablative therapies.”

Imiquimod has been used for warts at nongenital sites” and in
other types of HPV-related conditions. Both grade 2 and grade 3
intraepithelial neoplasia of the vulva respond to imiquimod therapy.**
HPV anal infection in HIV-infected men may® or may not* respond.
Imiquimod seems beneficial in refractory cutaneous leishmaniasis in
combination with other drugs,”* although other authors did not
observe any benefit from combining standard intravenous antimony
therapy with imiquimod.” Depending on the level of immunocompe-
tence, imiquimod may be beneficial for treatment of molluscum con-
tagiosum.”> Imiquimod has been used successfully to treat chronic
genital herpes resistant to acyclovir’ and to foscarnet”’ in immuno-
compromised individuals with HIV and drug-induced immunosup-
pression.”” No beneficial effects on lesions or recurrences are seen in
immunocompetent adults with genital herpes.”” Imiquimod 5% cream
made recurrent herpes labialis lesions worse compared with the vehicle
cream as control but increased the time to the next recurrence 80%
from a median of 50 days to 91 days in the control and imiquimod-
treated groups.” Other viral infections reported to respond to imiqui-
mod include oral hairy leukoplakia,” orf,”* and Kaposi sarcoma.”
Tinea pedis resolved during imiquimod treatment of a contiguous
basal cell carcinoma.”

Because of encouraging preliminary findings, topical resiquimod
was investigated for treatment of recurrent genital herpes in an effort
to reduce recurrences.”” However, a controlled study did not show an
effect of imiquimod on the rate of recurrences.”” Resiquimod 0.01% gel
applied to recurrent genital herpes lesions two times a week for 3 weeks
neither reduced healing time nor shedding of herpes simplex virus
DNA by polymerase chain reaction assay compared with a control
gel.** The same treatment regimen was associated in the subsequent 60
days with a reduction in lesional recurrence rate from 16% to 10%, and
with a trend toward reduced shedding from 17% to 10%. Seven months
later, recurrence rates were reduced from 26% to 10% in control and
resiquimod groups.” However, a phase I1I study of resiquimod did not
show reduced rates of recurrence, and further development of the drug
to treat anogenital herpes has been halted.*"*

Topical application of imiquimod 5% cream to affected skin can
result in systemic absorption with serum levels of 0.1 to 3.5 ng/mL.
Patients treated with imiquimod need to wash the affected area on
awakening to remove residual drug. About two thirds of treated
patients experience local erythema. Application site reactions with
erythema, irritation, pruritus, burning, tenderness, and scabbing (and
less often with erosion or ulceration at the wart site and other exposed
areas) are generally mild to moderate in intensity. These usually resolve
within 2 weeks of cessation of the drug. The frequency of local reac-
tions relates to frequency of application, and use in genital herpes may
delay healing.”” Severe local reactions, including pain, erythema, or
scarring, are rare.”” Unusual local reactions include erosive cheilitis*
and aphthous ulcers,” angioedema and urticaria,”” and worsening
of psoriasis.*® Systemic reactions to imiquimod, such as fatigue and
influenza-like symptoms, have been reported infrequently.”” General-
ized psoriasis,” eczema,” exacerbations of myasthenia gravis,” and
worsening of HLA-B27 spondyloarthropathy” have been reported
during topical therapy with imiquimod.

Systemic reactions may be caused not by the drug itself but rather
by diffusion of cytokines from the skin into the systemic circulation.
During repeated applications, small concentrations (<10 ng/mL of
imiquimod) can be detected in the blood.” Safety during pregnancy
has not been established (pregnancy category B), but there are case
reports of its safe use in pregnant women.”>” Preclinical studies indi-
cate that imiquimod is not genotoxic or teratogenic.

PLECONARIL

Pleconaril  (3-[3,5-dimethyl-4([3-(3-methyl-5-isoxazoyl)propyl]oxy)
phenyl]-5-[trifluoromethyl]-1,2,4-oxadiazole) is an orally active anti-
picornaviral agent (Fig. 47-2). Pleconaril inhibits picornavirus replica-
tion by binding to a specific hydrophobic pocket within the viral capsid
and preventing viral attachment or uncoating of the genome. In cell
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FIGURE 47-2 Chemical structure of pleconaril.

culture, pleconaril inhibits replication of almost all commonly isolated
enterovirus serotypes’ and approximately 90% of rhinovirus clinical
isolates.” Pleconaril is active in murine and human models of cox-
sackievirus infection.”*”

In adults, oral bioavailability is about 70% in the fed state, and peak
plasma concentrations average 2.2 ig/mL after doses of 400 mg.”
Pleconaril undergoes hepatic metabolism, and less than 1% is excreted
unchanged in the urine. The initial plasma t,/,;,, averages 2 to 3 hours,

but there is a prolonged terminal ty/, of approximately 180 hours.”
Single oral doses of 5 mg/kg in children provide maximal plasma con-
centrations of 1.3 ug/mL and approximately 40% lower overall drug
exposure because of a larger volume of distribution and more rapid
clearance. Neonates seem to require higher dosages in part because of
lower bioavailability.”

Pleconaril has been generally well tolerated, and the most common
adverse events have been headache, nausea, diarrhea, and abdominal
discomfort. Pleconaril induces CYP3A isoenzymes, however, and con-
sequently has the potential for multiple drug interactions, including
with oral contraceptives.” In children or adults with enteroviral men-
ingitis, pleconaril has inconsistent effects on headache and illness dura-
tion.” Pleconaril (400 mg three times a day for 5 days) reduces the
duration of uncomplicated rhinovirus colds by about 1 day”'* but was
not approved by the U.S. Food and Drug Administration for this indi-
cation. Pleconaril antiviral effects and clinical outcomes are related to
in vitro susceptibility.'”’ Pleconaril treatment (15 mg/kg/day [children]
and 600 to 1200 mg/day [adults] in divided doses for 7 to 10 days)
seems to be beneficial in some patients with severe or life-threatening
enteroviral syndromes, including chronic enteroviral meningoenceph-
alitis in agammaglobulinemic patients and possibly neonatal enterovi-
ral sepsis.””'*"'”” The drug was formerly available for compassionate
use, but it is no longer so.
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