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The Future of Antiviral Chemotherapy

Suzanne Crowe, M.B.B.S.,* and John Mills, M.D.¥}

The field of antiviral chemotherapy has ex-
panded over the past two decades, resulting in
a new therapeutic area of increasing interest to
the clinician. Alongside the production of vac-
cines against such viruses as polio, measles,
rubella, and hepatitis B, effective drugs have
been developed for many other common viral
infections, including influenza A (amantadine,
rimantadine), respiratory syncytial virus (aero-
solized ribavirin), herpes simplex and varicella-
zoster (acyclovir), eytomegalovirus (ganciclovir),
and the human immunodeficiency virus (zido-
vudine). Some of these agents are useful for
both prophylaxis against illness and for therapy.

Initially, many antivirals were available only
for topical application, as systemic administra-
tion was associated with unacceptable toxicity.
Even those drugs that could be given systemi-
cally had limited clinical application, again
largely because of toxicity. However, advances
in our knowledge of viral replication and of the
molecular and cellular mechanisms of antiviral
action have identified virus-specific targets for
chemotherapeutic intervention. For example,
through selective inhibition of an essential viral
enzyme such as reverse transcriptase or inter-
ference with a specific stage in viral replication
such as attachment to a target cell, it has been
possible to develop a range of antiviral agents
associated with fewer side effects than were
their less-specific predecessors.

This discussion outlines the features of viral
replication that are important in understanding
targeted viral chemotherapy. It provides an
overview of the early history of antiviral agents
and then focuses on currently available and
investigational antiviral drugs.

PATHOGENETIC AND THERAPEUTIC
CONSIDERATIONS

Viruses replicate intracellularly, invariably
using some of the cellular apparatus of the host.
Understanding the details of viral replication
allows antiviral therapy to be targeted at critical
steps that are unique to the virus, thereby
minimizing damage to the host cell. This ap-
proach can be illustrated using the human im-
munodeficiency virus (HIV), which has been
studied extensively since its recognition as the
cause of the acquired immune deficiency syn-
drome (AIDS) in 1983% ' (Fig, 1). Knowledge
of the receptor for the human immunodefi-
ciency virus, the mechanisms involved in viral
entry into the host cell, and the unique enzymes
involved in viral replication has allowed the
development of a number of investigational and
one licensed drug (zidovudine) that are active
at various points in the replicative cycle of this
virus (Table 1),

Blocking Virus Attachment

The initial step in the infection of a cell by
HIV involves binding of the virus to a specific
receptor on the surface of the target cell. At-
tachment occurs through an interaction be-
tween the viral envelope glycoprotein (gpl20)
and certain epitopes of the CD4 molecule.™
The HIV selectively infects only cells that ex-
press CD4.%% " The overall amino acid sequence
of gpl20 is highly variable among different
strains of HIV,"® but within this envelope gly-
coprotein are highly conserved regions, includ-
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ing that which binds to the CD4 molecule."
Infection has been inhibited in vitro by block-
ade of the receptor by a small synthetic peptide,

peptide T, that mimics the binding portion of

the viral envelope.'®™ ' Although monoclonal
antibodies directed against both the CID4 mol-
ecule and the viral envelope glycoproteins have
been considered as therapeutic agents, it is
unlikely that they would be useful. First, block-

ing CD4 receptors throughout the host in itself

produces immunodeficiency. Second, antibod-
ies produced in vivo against gpl20 do not
prevent further lymphocyte depletion or pro-
gression of disease in HIV-infected individu-
a].’!h““‘ 135

A related approach would be to alter the
composition of the cell membrane, thus inhib-
iting viral attachment. Evaluation of the lipid
compound AL721, which extracts cholesterol
from cell membranes, is in progress.™ 'V

Preventing Virus Entry or Replication

The mechanism of entry of HIV into the cell
is incompletely defined but probably involves

Table 1. Target Sites for Antiretroviral Therapy

TARGET POTENTIAL THERAPFY

Monoclonal antibodies
ALT21

Viral entry Castanospermine
Reverse transeriptase Suramin

HPA-23

Zidovudine

Foscarnet

TAT, trs/art inhibitors

Virus receptor

Regulation of gene
expression

Translation of viral mRNA Ribavirin
Assembly and release of Interferons
viral proteing Ampligen

Budding

Figure 1. Schematie diagram of
the replicative eyele of the human
immunodeficiency virus.

fusion of the viral-envelope glycoproteins with
the host-cell membranes.™ The glucosidase in-
hibitor castanospermine inhibits fusion and sub-
sequent syncytium formation in vitro, but no
animal or human data are yet available on its
value in vivo.™

Entry of the virus into the cytoplasm is
followed by uncoating, thus exposing the single-
stranded viral genomic RNA. By definition,
retroviruses replicate through a DNA interme-
diate. A unique viral DNA polymerase, reverse
transcriptase, uses the single-stranded RNA as
a template for production of a plus strand of
DNA, thus forming an RNA:DNA hybrid. Re-
verse transcriptase is a prime target for antire-
troviral agents, as it can be inhibited selectively
without interfering with host-cell DNA poly-
merase. Antivirals that act at this site include
suramin, HPA-23, zidovudine and other di-
deoxynucleosides, and foscarnet, A complemen-
tary (minus) strand of DNA is synthesized
through another action of the reverse transerip-
tase enzyme. The double-stranded DNA
quickly circularizes within the cytoplasm of the
cell and enters the nucleus. Viral DNA may
then randomly insert into a host chromosome
(this integrated form is known as proviral DNA)
or remain unintegrated.

Upon cellular activation, host RNA polymer-
ases transcribe proviral DNA into viral RNA,
which is subsequently transported to the cyto-
plasm. This RNA comprises both messenger
RNA, which is translated into viral proteins,
and new viral genomic RNA. Following cleay-
age of polyproteins and post-translational mod-
ifications, the viral proteins are assembled and
the new virions released by budding from the
surface of the cell. These final stages provide
further target sites for antiviral chemotherapy.
The post-translational 5’ capping of viral mes-
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Table 2. Features of ldeal Antiviral Agent

Inhibits viral replication in all infected cells

Nontoxic (no deleterious effect on host cells)

Orally absorbed

Penetrates CSF, brain, and other privileged sites of viral
replication (e.g., eye)

senger RNA can be inhibited in vitro with drugs
such as ribavirin.* Interferons act in a nonspe-
cific manner to prevent assembly and release
of viral proteins.'%

Regulation of viral gene expression in HIV is
extremely complex and involves the combined
action of a number of viral gene products. These
regulatory proteins are still incompletely under-
stood, although much is known about the tat-
gene-encoded transactivator protein and the trs/
art-gene-encoded antirepressor protein. The tat
protein is thought to increase the rate of gene
expression and replication of HIV by enhancing
both transeription and translation of viral
mRNA." The trs/art gene product reduces the
negative regulatory effects on translation of viral
mRNA." These regulator proteins may be a
target for future antiretroviral therapy.

Other Considerations

In addition to the replicative ecycle of the
virus, other considerations in the treatment of
viral infections include the cell type susceptible
to infection and the access of the antiviral agent
to these cells. Identification of the CD4 male-
cule as the receptor for HIV was followed by
the realization that a variety of cells other than
the helper—inducer (CD47) subset of lympho-
eytes can be infected." ' Perhaps the most
important of these cells is the monocyte-mac-
rophage,* % which provides a reservoir for HIV
in vivo. One recent in vitro study has shown
that zidovudine does not inhibit replication of
HIV in macrophages vet is very active in lym-
phocytes."™ This finding demonstrates the im-
portance of testing for efficacy in different target
cells, The virus has been cultured from blood,
cerebrospinal fluid, genital secretions, tears,
and saliva and is thus widely disseminated. ™ %
# The ideal antiretroviral agent would therefore
specifically inhibit viral replication in all in-
fected cell types and in addition would traverse
the blood—cerebrospinal fluid and blood—brain
barriers, Moreover, it would be nontoxic and
well absorbed when given by mouth and hence
suitable for long-term administration (Table 2),

Although this discussion specifically relates
to the HIV, the general principles described

can be applied to the therapy of infections with
most other human viruses. Viral attachment,
uncoating, genome replication, synthesis of
viral proteins, and assembly are in fact common
to all viruses.

ANTIQUATED ANTIVIRALS

Antiviral chemotherapy is relatively new,
having lagged the evolution of specific antibac-
terial agents by nearly a quarter of a century.
Tissue culture technology was a significant early
development, enabling evaluation of the effi-
cacy of antiviral agents and facilitating classifi-
cation of viruses. The first chemical shown to
have clinically useful antiviral activity was meth-
isazone, a thiosemicarbazone that was shown to
inhibit poxvirus replication in mice and humans
when given prophylactically.” * However, apart
from kindling interest in antivirals, thiosemicar-
bazone had limited clinical utility. The next
milestone was the recognition in 1957 that the
naturally occurring proteins, interferons, can
protect cells from the replication and cytopathic
effects of a wide range of both DNA and RNA
viruses.® Since then, three classes of interfer-
ons have been characterized. They have a sem-
iselective inhibitory effect on viral replication,
acting at a post-translational step.

Development of Nucleoside Analogues

The first generation of nucleoside analogues
active against the herpesviruses was developed
more than two decades ago but had only limited
clinical application because of toxicity. Idoxuri-
dine, which competes with thymidine for incor-
poration into viral and cellular DNA, was the
first effective antiviral therapeutic agent,” The
ocular preparation of this nucleoside analogue
was successful in treating herpes simplex kera-
toconjunctivitis and received Food and Drug
Administration (FDA) approval for the treat-
ment of this condition in the mid 1960s. Be-
cause many of the early studies of parenteral
idoxuridine were open trials, the efficacy and
toxicity of the drug could not be adequately
evaluated, although there were many enthu-
siastic anecdotal reports. Eventually, double-
blind comparative studies of idoxuridine for the
treatment of herpes simplex encephalitis
showed that the drug had unacceptable toxicity
when administered systemically, with no impact
on the mortality rate.” Similarly, topical idoxu-
ridine therapy proved ineffective for genital
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except for l'u'tpm simplex keratitis. Dlmt‘thyl—
sulfoxide (DMSO) augments the cutaneous pen-
etration of idoxuridine, but because this solvent
is teratogenic and causes ocular damage in
animals, it is not approved for cutaneous appli-
cation within the United States.*

Since the discovery of idoxuridine, a variety
of related nucleoside analogues have been syn-
thesized and assessed in clinical trials. Cytosine
arahinoside is active in vitro but was ineffective
and toxic in vivo. Adenine arabinoside (araA;
vidarabine) is a purine nucleoside analogue that
is phosphorylated by cellular enzymes.'* As the
triphosphate, it competitively and selectively
inhibits the DNA polymerase of some herpes-
viruses, poxviruses, and probably hepatitis B
virus.* %7 At therapeutic concentrations, cel-
lular toxicity is low, as the drug preferentially
inhibits viral DNA polymerases rather than the
cellular enzymes.' In 1977, Whitley and his
colleagues showed that vidarabine treatment
reduced the mortality rate from herpes simplex
encephalitis,'® This collaborative trial was crit-
icized because of its premature closure and
small numbers, which made it statistically im-
possible to assess the quality of life in survivors.
In a larger, uncontrolled study that followed
the initial trial, evidence that vidarabine im-
proved the clinical outcome was unconvincing,

Recent Work with Vidarabine

The beneficial effects of systemic vidarabine
for the treatment of varicella—zoster have been
clearly demonstrated in immunocompromised
individuals. " In a placebo-controlled crossover
study, patients receiving vidarabine experi-
enced less pain and more rapid healing of their
lesions than those receiving a placebo.' Con-
trolled trials have established the need for early
intervention in varicella-zoster infections in
immunocompromised individuals, as the fre-
quency of cutaneous dissemination and visceral
complications and the incidence of post-zoster
neuralgia are reduced only if treatment is insti-
tuted within the first 72 hours after the onset
of rash, ¥

Vidarabine was the first antiviral to receive
FDA approval for the treatment of herpes sim-
plex encephalitis, varicella—zoster virus infec-
tions of immunocompromised hosts, and neo-
natal herpes simplex infection.'® Despite its
undisputed efficacy, the drug has several limi-
tations, including relatively common gastroin-
testinal side effects, poor intramuscular absorp-

1 1 L e EFYLiawy
that it be given
intr dVEnmn]y ina l.lr;,e“ annm& of fluid, " Con-
cern regarding possible mutagenicity or carcin-
ogenicity in humans has mandated its use only
in life-threatening infections. Today, vidarabine
is recommended only for disseminated herpes
simplex infection in the neonate. Although acy-
clovir is not licensed for this indication, it
appears to be equally effective, easier to admin-
ister, and probably less toxic. Vidarabine can
be considered only a second-line agent for the
treatment of herpes simplex encephalitis and
varicella—zoster infections.

Hion i the reauiren
requirer

New Drugs and Their Testing

As a result of the AIDS epidemic, the ther-
apeutics industry has been prf;:ssure(] to develop
effective antiretroviral agents urgently. This ep-
idemic also has re-emphasized the necessity for
randomized, double-blind prospective trials to
expedite the evaluation of any potential agent:
in circumstances where these trials have not
been performed, doubts remain regarding
safety and efficacy. An example is HPA-23, an
antimoniotungstate compound shown in vitro
to have antiviral activity.! No controlled trials
were performed to assess the clinical benefit of
this drug compared with placebo, and the lit-
erature contains isolated reports of beneficial
effects intermixed with communications de-
scribing toxicity. As a result, the value of the
drug remains obscure, % 1

Another illustration is the history of suramin,
a reverse transcriptase inhibitor that also has in
vitro activity against HIV.* ®® More than half a
decade of clinical experience with this drug in
the treatment of trypanosomiasis® and oncho-
cerciasis allowed investigators a degree of com-
fort in proffering this drug for use in patients
with AIDS or AIDS-related complex. On the
basis of published safety and efficacy in a pre-
liminary clinical study involving 10 patients
with AIDS,” a multicenter phase I trial was
organized. The results of this trial showed that
despite modest antiviral activity in vivo, there
was no favorable clinical or immunologic effect,
vet there was unacceptable serious toxicity (se-
vere neutropenia, fatal hepatic failure, renal
dysfunction, and adrenal insufficiency).'s
Without a well-controlled trial in this patient
population, both the lack of efficacy and the
toxicity of suramin might not have been so
quickly realized.



The Future of Antiviral Chemotherapy 525

LICENSED AND INVESTIGATIONAL
ANTIVIRALS

Amantadine and Rimantadine

In 1964, amantadine, a primary amine with
an unusually structured tricyelic carbon ring,
was reported to inhibit the replication of influ-
enza A virus in vitro® (Fig. 24). (The drug has
little or no activity against influenza B virus at
concentrations achievable in vivo.'™) Over the
next few years, clinical trials demonstrated the
prophylactic and therapeutic efficacy of aman-
tadine, and in 1966, it was licensed for prophy-
laxis of influenza A and subsequently released
under the brand name Symmetrel. A structur-
ally similar derivative, rimantadine, has greater
in vitro antiviral activity than amantadine!''* '#
and was recently licensed for use in the U.S.
(Fig. 2B).

Controlled studies of amantadine and riman-
tadine demonstrate 70 to 91 per cent efficacy
in preventing disease from influenza A when
the drug is given in an oral dose of 200 mg per
day.? Most of these studies have been per-
formed in healthy young adults, although trials
of both drugs have also been conducted in
households, schools, and nursing homes and in
each setting have demonstrated prophylactic
efficacy when compared with placebo. '™ 0% 1%
Few studies have compared amantadine and
rimantadine for protection against influenza A.
In one such study, 450 volunteers participated
in a placebo-controlled, double-blind trial dur-
ing an outbreak of A/HIN1 and A/H3NZ2 in
Vermont; each subject received an antiviral
dose of 100 mg twice daily for 7 days.” Both
drugs had efficacy rates of 85 per cent or higher
in preventing disease, However, the incidence
of withdrawal from the study because of central
nervous system side effects (insomnia, jitteri-
ness, difficulty in concentrating) was 13 per
cent in the amantadine-treated group compared
with 6 per cent and 4 per cent in the rimanta-
dine and placebo groups, respectively. These
dose-related side effects of amantadine are

Figure 2. Structure of amantadine hydrochloride
(A) and rimantadine hydrochloride (B).

thought to be secondary to its dopamine-en-
hancing properties, which are the basis for its
benefit in Parkinson’s disease. Adverse central
nervous system reactions are more common in
elderly individuals, and the incidence is in-
creased by concomitant antihistamine therapy.”
Although rimantadine may also cause central
nervous system toxicity, the different pharma-
cokinetics of the two drugs result in a much
lower frequency of adverse reactions with ri-
mantadine.* The plasma concentration of ri-
mantadine is much lower than that of amanta-
dine with identical oral doses, especially in the
elderly.'®

Apart from their prophylactic value, amanta-
dine and rimantadine have also been shown to
be useful in the treatment of adults with mild
self-limited influenza.'® Efficacy requires be-
ginning treatment within 48 hours of the onset
of symptoms.'™ Although the studies have had
mixed results, the majority demonstrate a mod-
est but statistically significant effect when com-
pared with aspirin or placebo. In general, there
is a reduction in fever and systemic complaints
by 50 per cent and a shortening of illness by at
least 1 day." ' The dose is usually 200 mg
per day orally for 5 days; however, intermittent
aerosol administration has also been effective.®
(Aerosolized amantadine remains investiga-
tional.) There have not yet been controlled
studies examining the effect of these agents in
the treatment of patients with complications of
influenza such as pneumonia.

Current recommendations by the Immuni-
zation Practices Advisory Committee in the
U.S. are that amantadine be combined with
vaccination for seasonal prophylaxis in individ-
uals considered to be at high risk for complica-
tions and death from influenza.”” Such persons
would include adults and children with cardio-
pulmonary disease, elderly institutionalized in-
dividuals, adults over 65 years of age, and
children on long-term aspirin therapy. Aman-
tadine is also considered useful for patients
exposed to influenza during a nosocomial out-
break and for household contacts after recogni-
NHZ'HC| N.HE HCI
H'C"CHa
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Tahle 3 (Ol sl A g baadeen I Quyrerbraszm of Rilinesirin
sable 8, Glindcal Anliviral spectrum of Ribacirin
MODE OF
VIRAL INFECTION ADMINISTRATION
Respiratory syncytial virus® Aerosol
Influenza A, B Aerosol
Measlest Oral
Human immunodeficiency virus Oral

Lassa fevert Oral, intravenous

*Only licensed indication in the USA.
tStudies in Mexico, Brazil, Philippines.
tStudies in Sierra Leone,

tion of influenza in a family member. However,
despite accumulated evidence for the prophy-
lactic efficacy of amantadine, the drug is little
used for this purpose, and immunization, which
affords similar incomplete protection, remains
the mainstay of prevention. A recent cost—
benefit analysis of the efficacy of seasonal chem-
oprophylaxis compared with vaccination in 100
nursing home residents showed that amanta-
dine therapy resulted in fewer cases of influ-
enza, hospitalizations, and deaths but was 6.5
times as expensive as vaccination alone. '™ With
either strategy, influenza control programs in
nursing homes were both beneficial and cost-
effective. !

Ribavirin

Ribavirin is a synthetic triazole nucleoside
with in vitro activity in its triphosphate form
against a hroad range of virnges, including res-
piratory syneytial virus, influenza A and B,
parainfluenza 1 and 2, measles, HIV, and the
agent of Lassa fever® 7% % % (Table 3), The
mechanism of its action is via hoth inhibition of
viral polymerases and prevention of 5’ capping
of mRNA, a step essential for translation of the
mRNA into viral proteins.'® In the U.S. clinical
use is limited to aerosol administration; else-
where, the drug is also available for oral and
parenteral therapy.

Whereas antibiotics play no role in the treat-
ment of uncomplicated respiratory syncytial vi-
rus infections in developed countries, recent
work has shown that aerosolized ribavirin re-
sults in demonstrable clinical improvement in
infants with severe respiratory syncytial virus
pneumonia, bronchiolitis, and croup.™ '*¢ Pla-
cebo-controlled clinical studies of continuous
aerosolized ribavirin therapy (delivered in a tent
or oxy-hood) have shown a reduction in retrac-
tion, lower respiratory tract signs, lethargy, and
cough, as well as an improvement in arterial
oxygen saturation, within 48 hours of initiating

Lll\,i'upy.:"' M Despite these benelils, there liave
been no studies showing reduced mortality
rates, Viral shedding is decreased in treated
infants compared with controls who receive
aerosolized water.™ No toxicity or side effects
have been reported. As with amantadine and
rimantadine therapy, ribavirin is most effective
when administered within the first few days of
the illness. '

A number of specialized pediatric intensive
care units have gained experience administering
aerosolized ribavirin to intubated and mechan-
ically ventilated babies.'"! Problems relating to
drug precipitation within tubing, thus poten-
tially blocking air flow, have led to the current
FDA recommendation that ribavirin aerosol not
be used for infants requiring assisted ventila-
tion.

Who should receive aerosolized ribavirin?
Any infant hospitalized with severe respiratory
syneytial virus infection who is not responding
to conventional therapy (supplemental oxygen)
should be considered for aerosolized ribavirin
in an attempt to avoid intubation. Infants in
high-risk categories (those less than 2 years of
age with underlying cardiorespiratory disease
or immunosuppression) who have a higher
chance of requiring intervention should also be
given aerosolized ribavirin as soon as the diag-
nosis of respiratory syncytial virus infection is
suspected.

Although the principal (and only FDA-ap-
proved) clinical use of aerosol ribavirin is for
tion, several investigators have demonstrated
the efficacy of this therapy for the treatment of
uncomplicated influenza A and B in college
students.” Symptoms were reduced and viral
shedding from the respiratory tract was de-
creased with 3 days of therapy. Also, oral and
intravenous ribavirin have been used success-
fully in the treatment of Lassa fever in trials
conducted by the Centers for Disease Control
in collaboration with workers in Sierra Leone,®
Oral therapy has also been used in Mexico,
Brazil, and the Philippines in the treatment of
measles, resulting in a reduction in the severity
and duration of illness as well as the frequency
of complications., ™!

Most recently, the efficacy of oral ribavirin
has been examined in the treatment of HIV
infection. In three small uncontrolled phase I
trials of increasing duration (2 weeks, 8 weeks,
and 1 year) in patients with AIDS and sympto-
matic advanced AIDS-related complex, there
was a virologic response and immunologic im-
provement. Because of the study design, clini-



T e

The Future of Antiviral Chemotherapy 527

cal efficacy could not be addressed.* At a dose
of 600 mg per day, the therapy was well toler-
ated, and anemia necessitating blood transfu-
sion was uncommon. In a randomized, blinded,
multicenter trial, more than 160 homosexual
men with symptomatic AIDS-related complex
were treated with placebo or 600 mg or 800 mg
per day of ribavirin for 24 weeks. With the
highest dose, no patient went on to have AIDS
during the trial, whereas AIDS appeared in 6
of 55 and 10 of 56 who were treated with 600
mg per day or placebo, respectively.® Because
of the possibility that the observed beneficial
effects attributed to ribavirin may actually have
been attributable to an excess of highly immu-
nosuppressed patients in the placebo group,
the results of this study were not accepted by
the FDA. Further controlled studies are
needed to assess the efficacy of ribavirin in the
therapy of HIV-related disease.

Acyelovir

The development of acyclovir by the Bur-
roughs Wellcome Co. in 1978 may mark the
most important achievement in the field of
antiviral therapy to date. This drug has radically
changed the approach to treatment as well as
the outcome of herpesvirus infections.

The antiviral activity of acyclovir depends on
its conversion to the triphosphate® (Fig. 3). The
initial activation step, resulting in acyclovir
monophosphate, is mediated by the herpesvi-
rus-specified enzyme, thymidine kinase, which
is present only in infected cells.* Cellular kin-
ases are responsible for subsequent conversion
to acyclovir triphosphate, the active form of the
drug. Acyclovir triphosphate inhibits viral DNA
polymerases, and its incorporation into newly
synthesized viral DNA results in chain termi-

o
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Acyclovir (ACV) ACV-MP

nation.™ Host cells are spared from toxicity, as
activation occurs virtually exclusively in virus-
infected cells; also, binding of acyclovir to viral
thymidine kinase is about 100-fold greater than
binding to the cellular kinases.* Herpes sim-
plex virus 1 and 2 and varicella-zoster virus are
all susceptible to acyclovir; because Epstein-
Barr virus (EBV) and cytomegalovirus lack thy-
midine kinase, they are less susceptible (host-
cell kinases enable limited phosphorylation).
However, EBV DNA polymerase is highly sen-
sitive to acyclovir triphosphate; levels achieved
in normal cells appear to inhibit EBV in vitro
and in vivo,

Acyclovir has numerous advantages over vi-
darabine, including less toxicity, higher solubil-
ity (and thus less fluid for intravenous admin-
istration), and a higher therapeutic index.
Unlike vidarabine, the drug is not rapidly de-
graded in plasma; hence the 20 per cent ab-
sorption following oral administration is suffi-
cient to provide therapeutic serum levels.”
Good corneal penetration has given acyclovir
further clinical value in the topical therapy of
herpes simplex keratitis. A combination of oral
and topical acyclovir is the treatment of choice
for this condition.

Prior to the advent of antivirals effective
against herpes simplex, the outcome of this
type of viral encephalitis was grim, with a
mortality rate of 70 per cent and severe residual
neurologic disability in many survivors."® Use
of vidarabine for the treatment of herpes sim-
plex encephalitis reduced the mortality rate to
between 39 and 54 per cent, depending on
patient age and level of consciousness at the
initiation of therapy.'” The mortality rate in
published studies is now around 28 per cent,
with two thirds of the survivors having normal
neurologic function, '

The treatment of genital herpes has changed
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Figure 3. Pathway of phosphorylation of acyclovir to the monophosphate and triphosphate derivatives.
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dramateally sinee the advent of acyelovir, Top-
ical, oral, and intravenous administration have
all proved efficacious, although oral therapy has
provided the most benefit (Table 4). In placebo-
controlled trials of patients with first-episode
genital herpes, systemic (oral or intravenous)
acyelovir reduced the duration of virus shedding
by 75 per cent, virtually completely suppressed
the formation of new lesions, and shortened the
time to healing by 50 per cent.” Oral therapy
(200 mg five times daily for 10 days) and intra-
venous therapy (5 mg per kg infused over 1
hour every 8 hours) appear to be about equally
effective, but oral acyclovir is the drug of choice
in terms of cost and convenience.

For episodic therapy of recurrences, acyclovir
treatment resulted in slightly shortened viral
shedding and a 10 to 20 per cent reduction in
time to healing when compared with placebo.
Patient-initiated therapy (at the onset of the
first symptom) was somewhat more effective
than physician-initiated therapy (commenced
within 48 hours of onset).'"” Thus, self-initiated
treatment is recommended, and patients with
frequent and severe outbreaks should have
medication available at home. Untreated epi-
sodes are, however, often mild, and interven-
tion with acyclovir may be of limited value.
Topical acyclovir therapy for mucocutaneous
lesions in immunocompromised hosts achieves
results similar to those of oral therapy, but the

Iatter has the additional henefit of treating in-
traoral lesions, which cannot be treated
effectively with topical therapy, as well as the
potential advantage of preventing virus dissem-
ination,'* " Topical therapy is not effective for
recurrences of herpes simplex in patients with
normal immune function.”

Whereas episodic therapy of genital herpes
simplex infection offers only modest clinical
henefit, long-term suppressive therapy for in-
dividuals who have frequent recurrences has
produced more striking results. Trials have gen-
erally involved individuals with 12 or more
recurrences per year and have proved acyclovir
to be both safe and effective. In a recent study,
oral therapy (400 mg twice daily) in 348 subjects
over a 2-year period prevented or reduced the
annual frequency of recurrences in more than
90 per cent of individuals. However, fewer than
30 per cent of those treated remained recur-
rence free for the 2-year period.”

Who should receive suppressive therapy?
Continuous daily therapy should be considered
for any individual with frequent or severe re-
currences of genital herpes. In immunosup-
pressed patients, particularly those with AIDS,
suppressive therapy is beneficial for those with
increasing severity and frequency of recur-
rences. For individuals who experience recur-
rences of oral herpes associated with sun or
wind exposure, prophylaxis with acyclovir is

Table 4. Recommended Acyclovir Therapy for Herpes Simplex and Varicella—Zoster Virus Infections

DOSE

(I'l‘lg) REGIMEN ROUTE DURATION
Immunologically normal host
Initial genital herpes 400 3 % daily Oral Until lesions heal
200 5 % daily Oral

Recurrent genital herpes

Mild nil

Severe 200 5 % daily Oral  Until lesions heal (patient initiated)

Frequent 400 2 % daily Oral  Chemoprophylaxis indefinitely?
Recurrent umplmryngenl

Sun/wind induced 400 2 % daily Oral 1 day before, during, and 2-3 days after

exposure

Varicella

No complications nil

Pneumonia 10/kg g8 hours v Until lesions heal (unproved)
Zoster

No complications nil

Ophthalmie 800 4 hours Oral  Until lesions heal

Compromised host
Recurrent mucocutaneous herpes 400

5 % daily

Oral Until lesions heal

400 2or 3 % daily Oral Duration of immunosuppression
(suppressive therapy)
Varicella 10/ kg q6 hours v Until healed or oral therapy (easible
Zoster 10/kg @8 hours v Until healed or oral therapy feasible
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useful (400 mg twice daily starting the day prior
to expected exposure and continuing until sev-
eral days after exposure).'® Acyclovir is defi-
nitely superior to sunscreen, even with SPF-15
protection, in preventing recurrent orofacial
herpes in skiers.” Suppressive acyclovir has
also been reported to control recurrences of
herpetic whitlow and other nongenital herpetic
diseases.™

There is some concern regarding the poten-
tial for development of mutant strains of her-
pesvirus resistant to acyclovir with long-term
therapy. Indeed, mutant strains of the virus
have been isolated, usually lacking thymidine
kinase and thus termed “TK~" mutants.® The
majority of these strains are not associated with
a poor clinical outcome; however, there have
been reports of disease in immunocompromised
patients, from whom TK~ strains have been
isolated, characterized by progressive mucocu-
taneous ulceration and resistance to acyclovir.®
Whether these failures are due in part to non-
compliant use of acyclovir or to an inadequate
dose of the drug has not been fully evaluated.
Management in these rare instances involves a
trial of intravenous acyclovir with repeated viral
cultures to prove resistance, cessation of im-
munosuppressive therapy if possible, intensive
local skin care, and consideration of other ther-
apy such as vidarabine or foscarnet.

Intravenous acyclovir has proved beneficial
for the treatment of varicella—zoster in previ-
ously healthy as well as immunocompromised
individuals. In two small prospective random-
ized trials against varicella—zoster infection in
patients with hematologic malignancies and in
bone-marrow transplant recipients, intravenous
acyclovir was superior to vidarabine.'® Acyclo-
vir therapy decreased the duration and severity
of infection and reduced the rate of cutaneous
and visceral dissemination. However, the drug
had variable effects on acute pain and no effect
on postzoster neuralgia,®™ Corticosteroids were
also ineffective for preventing postzoster neu-
ralgia, even when combined with acyclovir,™

Serum acyclovir concentrations of 3 to 7 pg
per ml, fifteen times that necessary to inhibit
herpes simplex, are required in order to inhibit
varicella=zoster virus.® Thus, the dose of oral
acyclovir for varicella-zoster infection is much
higher than that for herpes simplex, and even
then, optimal serum concentrations are
achieved only erratically. In a recent British
study of 205 healthy elderly individuals with
herpes zoster who were given oral acyclovir
(800 mg five times daily) or placebo within 72
hours of the onset of the rash, acyclovir accel-

erated healing of vesicles and reduced acute
pain.®® Stratification of these patients within the
study illustrated the importance of early ther-
apy. Early oral acyclovir is also beneficial in
herpes zoster ophthalmicus, expediting resolu-
tion of signs and symptoms and shortening the
duration of viral shedding.' In patients with
AIDS or AIDS-related complex, dissemination
of infection from dermatomal zoster is unusual,
and it is arguable whether those individuals
require any therapy. A placebo-controlled study
is planned. If dissemination or progressive local
infection is apparent, however, it would be
prudent to use intravenous acyclovir rather than
to rely on oral therapy.

An acyclovir prodrug, BWB15 (6-deoxyacyclo-
vir), which is converted to acyclovir by xanthine
oxidase,? is being considered for clinical eval-
uation. As a result of its high oral bioavailability
(close to 100 per cent), it may be possible to
give BW5I15 in lower doses or at less-frequent
intervals for oral treatment of herpesvirus infec-
tions. Another acyclovir prodrug, A134U, is a
diamino analogue of acyclovir.” After rapid in
vivo deamination to acyelovir by adenosine de-
aminase, the oral absorption of Al34U ap-
proaches 80 per cent. Human studies with these
drugs have not yet begun.

Ganciclovir

A recently developed experimental drug,
ganciclovir  (dihydroxy-propoxy-methyl-guan-
ine; DHPG) is an acyclic guanine analogue
structurally similar to acyclovir, which was
shown to be beneficial for treatment of cyto-
megalovirus infection (Fig. 4). Ganciclovir tri-
phosphate inhibits the DNA polymerase of all
herpesviruses, including cytomegalovirus.™ As
cytomegalovirus does not encode a thymidine
kinase, the mechanism by which ganciclovir is
phosphorylated in  eytomegalovirus-infected
cells is unknown. This drug has shown promis-
ing results in predominantly uncontrolled stud-
ies for life-threatening and sight-threatening
cytomegalovirus disease in AIDS patients and
other immunocompromised individuals.™ ** In
patients with AIDS, the drug has demonstrated
virologic efficacy and elinical benefit against
cytomegalovirus retinitis and, to a lesser extent,
colitis.!” In patients with retinitis, ganciclovir
delays the progression of retinopathy and de-
creases retinal opacification, hemorrhage, and
vasculitis, allowing stabilization or even im-
provement in visual acuity.®® ™ The drug is
administered initially in a dose of 5 mg per kg
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Figure 4. Structure of some nueleoside analogues with
activity against herpesviruses.

in a 1-hour infusion every 12 hours for 10 to 14
days. In both AIDS patients and other immu-
nocompromised individuals, maintenance ther-
apy then is required in an attempt to prevent
reactivation (4 to 7 mg per kg infused once daily
for 5 to 7 days per week). However, disease
may worsen despite continuous maintenance
therapy, %

Although there is no clear-cut answer as to
which patients with cytomegalovirus retinitis
should receive ganciclovir, we believe the drug
should be reserved for those individuals with
visual symptoms or those with progressive dis-
ease threatening the macula. Controversy exists
among the small number of physicians who have
clinical experience with the drug whether it
should be used for patients with only peripheral
disease evident on funduscopic examination, for
those who have already suffered complete loss
of vision, or hoth.

There appears to be no improvement in AIDS
patients treated with ganciclovir for cytomega-
lovirus pneumonitis. The isolation of cytomeg-
alovirus from bronchoalveolar lavage is of
doubtful clinical significance in this population.

The most common side effect of ganciclovir
is neutropenia, which develops in 20 to 50 per
cent of patients and may necessitate dosage
modification or cessation of therapy.® '*' Less
commonly, thromboeytopenia,™ retinal detach-
ment,* hallucinations," and rash have been

A significant limitation of eanciclovir
is the lack of an oral preparation. Despite these
restrictions, ganciclovir offers important elinical
and virologic advantages over early therapies
for eytomegalovirus disease. The drug is cur-
rently available only on a compassionate-plea
basis. Although there is a wealth of data indi-
cating its efficacy, prospective placebo-con-
trolled studies appear to be necessary in order
for ganciclovir to obtain FDA approval.

reparterd

Foscarnet

Foscarnet (phosphonoformate), a pyrophos-
phate analogue, has been known for at least a
decade to inhibit replication of all herpesviruses
in vitro through selective inhibition of viral
DNA polymerases.” Poor oral absorption ne-
cessitates  intravenous administration.®  Al-
though there have been only a handful of stud-
ies, it would seem that herpes simplex types 1
and 2 are less susceptible to phosphonoformate
than to agents such as acyclovir. Studies exam-
ining topical therapy for recurrent genital
herpes have shown reduced viral shedding but
have failed to demonstrate clear clinical bene-
ﬁt. 113

The principal side effect of phosphonoformate
is renal toxicity with reversible tubular dysfunc-
tion.*” Anemia and muscle twitching may also
occur. The drug is deposited in bones, but no
adverse effects related to this have been rec-
ognized.

Clinical studies are ongoing to evaluate the
efficacy of phosphonoformate in the treatment
of cytomegalovirus disease in AIDS. The drug
has been given to patients with severe cyto-
megalovirus infections as a constant intravenous
infusion over 1 to 4 weeks with clear evidence
of benefit." Of interest, the drug inhibits re-
verse transcriptase activity, and therapy results
in a decrease in serum HIV p24 (core) anti-
gen."® A pilot study involving 11 patients with
AIDS and AIDS-related complex who received
a 3-week constant infusion of phosphonoformate
showed that the drug suppresses HIV replica-
tion.” Thus, the drug may serve a dual virologic
purpose in this population by inhibiting repli-
cation of both eytomegalovirus and HIV.

Zidovudine

Zidovudine (3'-azido-3'-deoxythymidine, azi-
dothymidine, Retrovir) was first synthesized in
1964 by Horwitz and colleagues as an anticancer
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drug® (Fig. 5). In 1974, Ostertag and colleagues
demonstrated that this thymidine analogue
could inhibit the replication of type-C murine
retroviruses. However, there was no clinical
application for the compound until early 1985,
when it was shown to have in vitro activity
against HIV." Within 6 months of this obser-
vation, the first clinical trials commenced to
evaluate zidovudine in the treatment of AIDS.
The phase I study demonstrated good oral bio-
availability (approximately 60 per cent) with
cerebrospinal fluid levels about half the plasma
levels. '™ This feature is particularly important
because HIV replicates within the central ner-
vous system.™ The drug was reasonably well
tolerated over the 6-week trial, and clinical and
immunologic improvement was noted.'*

On the basis of these promising preliminary
data, a multicenter prospective, randomized,
placebo-controlled study was initiated in the
U.S. in February 1986. About 160 patients with
AIDS who had recovered from one episode of
Pnewmocystis carinii pneumonia and about 120
patients with symptomatic advanced AIDS-re-
lated complex were enrolled. Approximately
half of the individuals received zidovudine (250
mg every 4 hours); these individuals were well
matched in terms of sex, age, and immunologic
variables with those receiving the placebo. The
trial was designed to run 12 months, However,
interim analysis by an independent data moni-
toring board in September 1986 showed a sig-
nificant decrease in the mortality rate in pa-
tients receiving zidovudine (19 deaths in the
placebo group compared with one death among
those receiving zidovudine).” On ethical
grounds, the placebo arm of the study was thus
abandoned, and those individuals were offered
zidovudine. Thus altered, the trial has contin-

Figure 5. Comparative structures
of zidovudine (A) and thymidine (B).

ved in order to assess long-term toxicity and
efficacy.

At the time of the interruption of the trial,
the zidovudine-treated patients showed other
evidence of clinical and immunologic improve-
ment, Within this group, there were fewer
opportunistic infections, an improvement in
weight and Karnofsky performance scores, and
a statistically significant increase in the number
of CD4-bearing (T-helper) lymphocytes.** How-
ever, serious adverse reactions, particularly
bone-marrow suppression, were observed. The
majority of zidovudine-treated patients devel-
oped a macrocytosis within several weeks of the
start of therapy.'"™ Anemia, often necessitating
blood transfusion, or neutropenia (less than 750
polymorphonuclear leukocytes per pl) oceurred
in 45 per cent of zidovudine recipients, Strati-
fied data showed that patients with AIDS
(rather than AIDS-related complex) and those
with low CD4 counts at entry to the study were
the most likely to suffer hematologic toxicity.'®
Zidovudine therapy is also associated with rel-
atively frequent occurrences of headaches, nau-
sea, insomnia, and myalgias'® (Table 5). Other,
less commonly reported, neurclogic toxicities
include the development of seizures™ and acute
onset of Wernicke's encephalopathy.® Pancy-
topenia with irreversible bone-marrow suppres-
sion has been documented.™ Progressive nail
pigmentation has been reported, with trans-
verse bluish discoloration at the base of finger-
nails and toenails.”™ Fever and a maculopapular
skin rash, usually involving the trunk, develops
in a few patients after several weeks to months
of zidovudine therapy (Ed Kirk, Burroughs
Wellcome Company, unpublished data; Mark
Jacobson and coworkers, submitted for publi-
cation), Because zidovudine undergoes hepatic
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Tahle 5. Adveree Effects Assoriated
with Zidovudine

Anemia* Myalgia
Leukopenia (particularly  Insomnia

neutropenia)* Fever and rash (rare)
Macrocytosis Seizures (rare)
Headaches Nail pigmentation (rare)
Nausea

*More common in patients with CD4 <100 per mm”.

glucuronidation, toxicity may be potentiated by
concomitant administration of acetaminophen
or other compounds that have similar metabo-
lism, '

There was a reduction in serum HIV p24
(core) antigen in the zidovudine group but not
the placebo group, demonstrating that the drug
has in vivo antiviral activity.” However, on
cessation of therapy, antigenemia returns to
baseline levels, suggesting that life-long therapy
with zidovudine will be necessary.

At the termination of the trial in September
1986, all patients receiving the placebo were
offered zidovudine. Analysis in April 1987
showed that the mortality rates in the original
zidovudine and original placebo-treated groups
after 36 weeks of therapy were 6.2 and 39.3 per
cent, respectively, indicating longer survival in
patients treated with zidovudine.” Although
this phase I study was prematurely terminated,
it emphasizes the importance of controlled
trials.

Zidovudine received FDA approval for the
treatment of HIV infection in March 1987 and
has been marketed by Burroughs Wellcome
under the brand name Retrovir at a current
approximate cost of $5000 to $8000 per patient
per year. It is anticipated that the cost to an
individual will soon be reduced. Controlled
studies are under way to evaluate the usefulness
of this drug in asymptomatic HIV-infected in-
dividuals, those with Kaposi's sarcoma, and
children with AIDS and to assess further inter-
actions with other drugs such as acyclovir. A
small uncontrolled study of patients with HIV-
related dementia has demonstrated clinical,
neuraphysiologic, and radiologic improvement
with zidovudine therapy,'"” but more extensive
and controlled evaluations are necessary in this
subgroup of patients.

Spurred on by encouraging data with zido-
vudine therapy, investigators have quickly ex-
amined other 2'-3'-dideoxynucleoside deriva-
tives in the hopes of finding an analogue with
similar efficacy but less toxicity. One of these
compounds, 2'-3'-dideoxycytidine, has proved
more potent on a molar basis than zidovudine

in inhibiting the HIV reverse transeriptase and
in terminating viral DNA synthesis.” However,
early clinical studies have revealed severe tox-
icity, particularly the development of peripheral
neuropathy (T. Merigan, unpublished data).

Investigational Antiretroviral Agents

There are currently in excess of 70 antivirals
undergoing assessment for antiretroviral activ-
ity, some of which have reached the stage of
clinical evaluation.

ALT721 is a lipid mixture containing neutral
glycerides, phosphatidylcholine, and phospha-
tidylethanolamine in the ratio 7:2:1.™ AL721
alters the lipid content of cell membranes and
possibly the HIV envelope by extracting cho-
lesterol and thereby preventing viral attach-
ment and infection.!'” In vitro studies have
demonstrated antiretroviral activity; however,
there have been no controlled clinical studies.

Ampligen, a mismatched double-stranded
RNA polymer, has in vitro antiretroviral and
immunomodulatory activity through induction
of interferons.” Ten patients with AIDS and
AIDS-related complex were given 200 to 250
mg of ampligen twice a week for as long as 18
weeks. The drug was well tolerated, and in 9
of 10 patients, HIV replication was suppressed
during therapy.' In vitro studies have shown
synergy between ampligen and zidovudine in
inhibiting the replication of HIV."™ This could
allow a reduction in the dose of zidovudine and
thus decrease toxicity, Clinical studies of this
combination have not yet been initiated.

One of the newest antiretrovirals is castan-
ospermine, an alkaloid isolated from the seeds
of an Australian chestnut tree. By inhibiting
glucosidase and thus preventing normal proc-
essing of glycoproteins, castanospermine inter-
feres with fusion of the viral envelope glycopro-
teins with the CD4 receptor.® Whether this
compound offers a realistic prospect for a new
treatment is uncertain at this early stage.

Interferons

A decade ago, condylomata acuminata (ano-
genital warts) were considered a trivial illness;
more recently, the recognition of the relation
between human papillomavirus infections (es-
pecially with HPV-16 and HPV-18) and the
development of genital malignancy has empha-
sized the importance of diagnosis and therapy.
Local treatment options are numerous and in-
clude podophyllin, trichloroacetic acid, 5-fluo-
rouracil cream, cryotherapy, and laser ther-
apy.” For patients with small condylomata
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limited to the external genitalia, the topical
application of podophyllin has traditionally been
considered the first line of treatment and has
met with variable success.”™ '* For more exten-
sive disease, and particularly for intravaginal,
urethral, or anal lesions, laser therapy is the
best method for direct destruction. Recurrence
rates are generally low,

Recent clinical trials of alpha-interferon have
shown it to have a beneficial effect on anogenital
warts. Intralesional administration, consisting
of an injection of 10° units of recombinant alpha-
interferon directly into warts three times
weekly for 3 weeks produced a marked reduc-
tion in the size of the warts compared with
placebo-treated individuals (in whom the warts
grew).” In one third of treated patients, all
warts cleared, However, as many as 70 per cent
of individuals experienced mild to moderate
local pain during and shortly after the injection,
making this form of administration unfeasible
for those with extensive disease. Intramuscular
injection of interferon has also proved effica-
cious for the treatment of anogenital warts."
The primary limitation on parenteral adminis-
tration is the marked systemic adverse reactions
(fever, chills, malaise, myalgia, headache, and
leukopenia) that appear in about one third of
individuals. This reaction can be minimized by
proper selection of dose and interval of admin-
istration (Mills and associates, submitted for
publication). As yet, interferon has not received
FDA approval for the treatment of condylomata
acuminata. (See also articles by Galbraith and
Landow in this issue.)

Interferons are also beneficial for other pap-
illomavirus infections, including respiratory
papillomatosis® and epidermodysplasia verru-
ciformis.? The latter condition is notoriously
difficult to treat. In a recent small study, both
intralesional and parenteral administration of
human leukocyte interferon resulted in a
regression of lesions compared with placebo
controls. However, lesions recurred after dis-
continuation of therapy. For reasons that are
not clear, neither intralesional nor parenteral
administration of alpha-interferon is effective
treatment for verruca vulgaris lesions. '

The prophylactic efficacy of intranasal alpha-
interferon against acute respiratory virus infec-
tions has been studied in healthy adult volun-
teers, ™ 115 190 Ty gummarize these trials, the
intranasal administration of interferon before
and after challenge with either rhinoviruses or
coronaviruses reduced the frequency of respi-
ratory symptoms, with a variable effect on viral
shedding. The doses of interferon required for

prophylaxis are high (10 to 35 million units per
day) and cause dose- and duration-dependent
local reactions, including nasal stuffiness, mu-
cosal erosions, and epistaxis.”

Trials of interferon for treatment of chronic
hepatitis virus infection have met with mixed,
but mostly disappointing, results.* The inhibi-
tory effect of alpha-interferon on the replication
of hepatitis B virus was first reported more than
a decade ago. However, lack of a readily avail-
able commercial supply precluded extensive
clinical testing until the last few years. Unfor-
tunately, the efficacy of alpha-interferon has
generally been discouraging, with disappear-
ance of HBeAg (and less commonly HBsAg) in
only 25 to 40 per cent of individuals." * % The
second generation of therapy for chronic hepa-
titis B includes combinations of specific antivir-
als with interferon. In a recent double-blind
placebo-controlled study of more than 60 pa-
tients, vidarabine alone and in combination with
human leukoeyte interferon resulted in unac-
ceptable toxicity without any statistical benefit
in treated versus placebo groups.* Thus, there
is no safe and effective drug currently available
to eradicate hepatitis B or to treat its diseases.

Disoxaril (WIN51711)

This compound, synthesized by Sterling
Winthrop Research Institute in the early 1980s,
belongs to a new class of antivirals with broad-
spectrum activity against the picornaviruses.*
This family of viruses includes the rhinoviruses
and the enteroviruses, of which polio virus,
Coxsackie A and B, ECHO virus, and hepatitis
A are the principal subgroups. Disoxaril has a
novel mode of action: through binding to spe-
cific amino acids within the viral coat proteins
(particularly viral protein 1, which is the major
structural protein of the viral capsid), this drug
stabilizes the coat and thereby inhibits viral
uncoating without affecting cellular attachment
and penetration,'® Disoxaril inhibits the repli-
cation of human enteroviruses in a mouse model
without causing serious adverse reactions.” Di-
soxaril or related drugs will doubtless be sub-
jected to clinical trials in the near future.

SUMMARY

This article has reviewed the principal anti-
viral agents and their application in the therapy
and prevention of viral diseases. Only acyclovir,
amantadine, ribavirin, zidovudine, and vidara-
bine have received FDA approval for therapy
of systemic viral infections. Although ganciclo-
vir, phosphonoformate, the acyclovir prodrugs,
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disoxaril, and the interferons are now being
used only on an investigational basis, it is likely
that at least some of these agents will soon be
licensed. The search for more effective and safer
antivirals continues, and with increasing aca-
demic and industrial interest, the prospects for
this branch of chemotherapy appear promising.
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