
Meeting report

Prospects for therapy of HIV-associated neurologic
diseases

Ned Sacktor and Justin McArthur

Johns Hopkins University, Department of Neurology, Baltimore, MD 21287, USA

Keywords: HIV; neurology; therapy; clinical trials

Introduction

In June 1996, NINDS and Johns Hopkins University
Department of Neurology organized a 1� day
workshop, `HIV Neurologic Therapies Workshop'.
The principal objective of the Workshop was to
facilitate the development of innovative therapeutic
strategies for dementia, neuropathy, neurologic
CMV disease, and progressive multifocal leukoen-
cephalopathy (PML). Separate groups focused on
different neurologic therapies with the following
goals: identifying new compounds, optimizing trial
design, and prioritizing plans for the initiation of
neurologic trials.

In this summary, we will review the findings and
recommendations of the conference: (1) Definition
of endpoints in trials of HIV dementia; (2)
Antiretroviral agents for therapy of HIV dementia;
(3) Inflammatory mediators and neuroprotective
agents in HIV dementia and (4) Therapy for CMV
encephalitis/radiculomyelitis and progressive mul-
tifocal leukoencephalopathy. A full list of Work-
shop participants is provided in Appendix 1 and
this report attempts to synthesize the discussions
and presentations contributed by these partici-
pants.

Epidemiology of neurologic diseases in
HIV infection

Most information about the incidence and pre-
valence of neurologic diseases associated with HIV
infection comes either from clinical cohorts (which
have an inherent referral bias), from the surveil-
lance data from the Centers for Disease Control and
Prevention (which captures mainly the initial
AIDS-defining illnesses and not subsequent or
secondary indicator diseases), or from natural

history cohort studies, such as the Multicenter
AIDS Cohort Study (which may be limited to a
particular risk behavior group and may have
inherent selection biases). Despite these limita-
tions, most surveys agree that neurologic involve-
ment is relatively common, with HIV dementia
affecting 15 to 20% of individuals after AIDS, with
an annual incidence of 5 to 10%. HIV-associated
minor cognitive motor disorder may be even more
prevalent, affecting 25% of those in CDC stage C.
HIV-associated sensory neuropathy is rising in
prevalence, partly as a result of the toxic effects
of dideoxynucleoside analogs, and is estimated to
affect 20 to 30% of those with advanced HIV
infection (Bacellar et al, 1994). Studies of temporal
trends for the `primary' HIV-associated neurologic
diseases showed a significant rise in the incidence
rates for sensory neuropathy between 1987 and
1992, while those for HIV dementia remained
stable (see Figure 1). As yet, there is no informa-
tion whether the combination therapies and
protease inhibitors have had an impact on these
diseases. There is universal hope that these potent
antiretroviral agents, which can suppress plasma
HIV viral load by 2 log or greater, might have a
significant effect on HIV replication in the brain
and improve dementia symptoms. However, be-
cause of the limited CNS penetration of most of the
protease inhibitors, it is possible that HIV replica-
tion might be suppressed in the systemic compart-
ment, but not within the brain (Table 1).

With data combined from different sources, the
prevalence of CMV-associated neurologic disease,
including encephalitis and radiculomyelitis, is
estimated to be about 5% (Gallant et al, 1992;
Moore and Chaisson, 1996). The impact of recently-
introduced prophylaxis with oral ganciclovir on
these rates is unstudied. Based on the ability of this
regime to reduce rates of development of CMV
retinitis, one might anticipate a corresponding
reduction in the frequency of CNS infection. By
contrast, incidence rates of PML have remained
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relatively stable (Bacellar et al, 1994), but might
increase as survival times with profound immuno-
deficiency are extended further with potent anti-
retroviral combination therapy.

For further information on the epidemiology of
HIV-associated neurologic disease, see Bacellar et al
(1994), Chiesi et al (1996), Janssen et al (1992),
Moore and Chaisson (1996).

De®nition of endpoints in trials of HIV
dementia

Functional impact of neuropsychological
impairment
In reviewing the requirements for the optimal
design and conduct of valid and rigorous clinical
trials, previous information developed by the FDA
on the assessment of anti-dementia drugs is
germane. In 1989, the FDA sponsored a symposium
to review methods for the evaluation of anti-
dementia drugs, principally for Alzheimer's disease
(Ad Hoc FDA Dementia Assessment Task Force,
1991). One of the conclusions from the symposium
is as appropriate for HIV dementia as it is for
Alzheimer's disease: `. . .Enhancement of activities
of daily living or other areas of overall functioning
must be demonstrated to prevent the marketing of
drugs that produce statistically significant improve-
ments in cognition, but trivial improvements in
overall functioning.' Some of the principles of
efficacy assessment developed by the ad hoc
Dementia Assessment Task Force are summarized
in Table 2.

The neuropsychological profiles of both mild and
severe HIV dementia have been well characterized
(Tross et al, 1988; Van Gorp et al, 1993). The most
sensitive tests for detection of HIV dementia are
those which assess psychomotor speed, memory,

and reaction time. In Phase I/II studies, it is
generally appropriate to include a broad battery of
neuropsychological tests to assess the nature and
magnitude of a drug's effect. For larger scale Phase
II/III studies, short focused cognitive assessments
combining global ratings and activities of daily
living (ADL) scales are preferable. There is uniform
agreement that test batteries for detection and
monitoring of HIV dementia should sample a
variety of relevant cognitive/motor domains, in-
cluding psychomotor speed; immediate, recent, and
long term memory; attention; and reaction time.
Placebo-controlled trials are required because of the
strong placebo effect simply from trial participa-
tion. Work in multiple sclerosis clinical trials
suggested that the behavior of control groups in
clinical trials is `generally more favorable than their
pre-enrollment behavior' presumably due in part to
placebo effect and partly to regression to the mean

Figure 1 Annual incidence rates (per 100 person years) for HIV
dementia and sensory neuropathy among HIV seropositive men
in the Multicenter AIDS Cohort Study. Note rising incidence
rates for neuropathy and stable rates for dementia. From Bacellar
et al (1994).

Table 2 Principles of efficacy assessment: HIV dementia
therapy

Requirement for randomized,
placebo controlled, and
blinded trials

Correct selection of
participants

Broad range of severity
Small number of outcome

measures
Assessments should

measure changes in
cognitive and everyday
function

Outcome: improvement or
slowing of progression

Avoid placebo effect
Balanced treatment groups

Internal validity

Generalizability
Avoid Type 1 error

External (criterion) validity

Variability in course may
impact on sample size

Modified from: Ad Hoc FDA Dementia Assessment Task Force,
Neurobiology of Aging, 1991

Table 1 Epidemiology of HIV-associated Cognitive impairment

.
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`Minor' cognitive/motor disorder occurs in 20% CDC stage B-C
HIV dementia affects 15% adults/children with AIDS
HIV dementia develops only rarely during asymptomatic
phase and is an AIDS indicator disease in 3%
Temporal trends: incidence stable through 1992, 7% p.a. after
AIDS
Risk factors: ↓↓ CD4, anaemia, injection drug use, possible
female sex
Variable progression of dementia: 30% have only slow
progression or remain stable
Rapid progression of dementia is associated with ↓ CD4,
injection drug use, CNS immune activation
Protective effect of antiretrovirals suggested from clinical
trials, not from observational studies
Uncertain effect of combination therapy and protease
inhibitors
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(Weinshenker et al, 1996). Neuropsychological test
batteries used in trials should be clinically relevant,
sensitive to change, and robust to the effects of
fluctuation or practice effect. Several of the pub-
lished or planned trials of HIV dementia rely on a
composite of summary measure of neuropsycholo-
gical performance derived from summation of
scores of individual neuropsychological tests.
Sidtis (1994) have shown that a summary score,
derived from several neuropsychological tests,
correlates well with the degree of clinical impair-
ment using the Memorial Sloan Kettering HIV
dementia severity scale (see Figure 2).

Instrumental activities of daily living (IADL),
such as driving, bill paying, check writing, shop-
ping etc, are important components of a test battery,
permitting assessment of functional impact and
thereby proving external (criterion) validity for any
observed changes in neuropsychological perfor-
mance. Several recent studies have related neurop-
sychological performance to measures of everyday
functioning in a wide variety of disease states. For
example, in Huntington's disease (a predominantly
subcortical dementia similar to HIV dementia),
psychomotor speed and measures of attention were
significant determinants of everyday functioning in
early disease (Rothlind et al, 1993). In Alzheimer's
disease, disease severity was the strongest predictor
of ADL and IADL performance. Tests of visuoper-
ception abilities made a significant contribution to
the explanatory variants in both ADL and IADL
function (Hill et al, 1995). Cohen et al (1995) also
showed that neuropsychological performance was
sensitive to functional outcome in patients with

dementia. Heaton et al (1978) used data from the
extended Halsted-Raitan Neuropsychological Bat-
tery to accurately predict employment status in
dementia, using neuropsychological and personal-
ity tests to assess likelihood of patient employment.
More recently, in multiple sclerosis, Rao et al (1991)
showed a relationship between neuropsychological
performance and employment status which was
independent of patients' physical and psychiatric
symptoms. Finally, Acker (1986) determined that
neuropsychological performance in patients follow-
ing closed head injury is a significant predictor of
disability and functional outcome.

In HIV infection, a number of studies have
examined whether neuropsychological impair-
ments are predictive of work disability and impair-
ments in instrumental activities of daily living. For
example, the WHO Neuropsychiatric AIDS Study
found that the frequency of neurologic abnormal-
ities and impaired functioning for everyday activ-
ities was higher in medically symptomatic
individuals (CDC stage B or C), but not asympto-
matic seropositive subjects, compared to controls
(Maj et al, 1994). In a cohort of 271 HIV-positive
men and women with advanced HIV infection, the
majority with CD4 count less than 200, an algorithm
was developed to operationalize the AAN defini-
tions for HIV dementia and HIV-associated minor
cognitive/motor disorder using standardized func-
tional, neurological, and neuropsychological mea-
sures (The Dana Consortium on Therapy for HIV
Dementia and Related Cognitive Disorders, 1996). It
was unusual for functional deficits to occur in
isolation, and usually there was a combination of
neuropshychological, neurological, and functional
deficits. Both minor cognitive/motor disorder and
HIV dementia were associated with significantly
poorer function on a self-rated scale of physical
activities, the MOS Physical Functional Scale.
These data confirm a strong correlation between
severity of cognitive impairment and indicators of
functional ability in HIV infection, even taking into
account sociodemographic factors, disease severity,
CD4 count, hemoglobin, and psychiatric indicators
(The Dana Consortium on Therapy for HIV Demen-
tia and Related Cognitive Disorders, 1996). In other
work, Albert et al (1995a) showed a relationship
between neuropsychological impairment and work
disability, as well as modification of time use in
HIV-infected individuals with neuropsychological
deficits (Albert et al, 1995b).

Employment status and work function have been
examined with respect to neuropsychological per-
formance in HIV infection by the UCSD/HNRC
group. Heaton et al (1994) reviewed the employ-
ment status of 289 HIV seropositive individuals and
found the rate of unemployment in neurocogni-
tively normal seropositives was 9.7%, while that
among neurocognitively impaired individuals was
26.9%. After excluding any individuals with

Figure 2 Close relationship between neuropsychological testing
and clinical severity of HIV dementia: NPZ-8 score derived from
the MACRO neuropsychological examination as a function of
ADC stage. Error bars represent 95% confidence intervals for
each mean. From Sidtis (1994).
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constitutional symptoms to eliminate the effects of
systemic disease, the rate of unemployment among
neurocognitively normal persons was 7.9% and that
among the neurocognitively impaired was 17.5%, a
statistically significant twofold increase. Unem-
ployment may be an imprecise indicator of func-
tional impact from neurocognitive impairment and
many other factors may influence employment,
including financial and health insurance concerns.
To our knowledge, comprehensive studies of actual
types of employment and the economic impacts of
cognitive impairment have not yet been completed.

The UCSD group have reported on the quality of
life implications of neurocognitive impairment.
They determined that there was a steady loss of
quality-adjusted life-years as measured by the
Quality of Life Well-being Scale (QWB) with
increasing severity of neurocognitive impairment
(McArthur and Grant, 1996).

Finally, it should be noted that neuropsycho-
logical testing and scales assessing ADL are
accepted endpoints for trials in other dementing
disorders. For example, the cholinesterase inhibi-
tor tacrine (Cognex) was approved for therapy of
Alzheimer's disease on the basis of a double blind,
placebo-controlled study in patients selected for
apparent responsiveness to tacrine. Smaller de-
clines in cognitive performance and activities of
daily living were measured in the tacrine group
(Davis et al, 1992). Primary measures included the
Alzheimer's disease assessment scale (ADAS)
which includes both a cognitive subscale and
noncognitive component. The instrumental Activ-
ities of Daily Living (IADL) was a secondary
measure.

We recommend that neuropsychological test
batteries and measures of everyday function remain
the `gold standards' for assessing therapy for HIV
dementia. We conclude that the information from
HIV dementia and other dementing illnesses proves
that neuropsychological testing is both valid and
reliable for assessing nervous system function.

Surrogate markers in HIV dementia trials
Work is ongoing to develop and validate alternative
`surrogate markers' for monitoring neurological
disease. These are summarized in Table 3. Up to
now, the `gold standard' for detection of HIV
dementia and monitoring response to therapy has
been neuropsychological tests. Some of these
surrogate markers have the advantage that they
may be a more direct measurement of pathophysio-
logical changes in the brain. For example, magnetic
resonance spectroscopy may provide an in vivo
measure of neuronal viability and could thus assess
changes in neuronal density in HIV dementia
(Barker et al, 1995; McConnell et al, 1994).
Similarly, measurement of activation markers in
CSF, eg, b2-microglobulin, neopterin, might reflect
heightened state of immune activation within the

CNS which correlates directly with the severity and
rate of progression of dementia (Glass et al, 1995;
Bouwman et al, 1996). Studies have shown sig-
nificant changes in these markers following intro-
duction of zidovudine therapy. Other instruments
under development include functional MRI (Navia,
B, personal communication) and various assays to
measure CSF viral load. It is still unclear, however,
whether CSF viral load is reflective of CNS viral
load or simply represents trafficking lymphocytes.
p300 evoked potentials have also been used to
detect changes with therapy (Fein et al, 1995).
Clearly, more work is needed to define the
reliability and predictive value of these tests,
however, it seems likely that at least some of them
can be developed as important outcome measures
for HIV dementia trials.

Design of clinical trials
Up to now, most trials of HIV dementia have been
designed as placebo-controlled, parallel design
clinical trials with a duration of 10 to 16 weeks.
The optimal duration of dementia trials has been
determined somewhat empirically based on open
label experience and positive results from the
original licensing trial which examined neuropsy-
chological performance at weeks 8 and 16.
Information beyond 4 months is clearly important
to assess the durability of treatment response.
However, it is often impractical to continue a
placebo-controlled trial beyond this point because
of relatively high drop out rates from trials of
patients with advanced HIV infection and an
inability to maintain a stable `background' anti-
retroviral regime in an era of rapidly changing
therapies. One compromise is to follow a placebo-
controlled phase with a more prolonged open label
extension phase. This also has the additional
advantage of providing an incentive to patients to
participate in a placebo-controlled study. Alter-
native trial designs, for example 262 factorial
studies, may be appropriate for testing combina-
tions of therapies and have recently been used in

Table 3 `Surrogate markers' for monitoring HIV dementia
therapy

Qualitative MRI:

Quantitative MRI:

MR spectroscopy:
Functional MRI:

SPECT/PET:
CSF analysis:

p300 latencies

assessment of atrophy and white matter
change

measurement of structural change and
regional atrophy

measurement of neuronal viability
measurement of brain activity ± oxygen

extraction
measurement of brain activity
measurement of viral load, immune

activations markers TNF-a, b2
microglobuin, neopterin, sTNF-2

measurement of conduction and processing
time
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one of the Dana Consortium Phase I/II studies
testing thioctic acid and Deprenyl (K Kieburtz,
personal communication).

In HIV dementia trials, the observed event rate
influences sample size calculation significantly.
For example, if the primary outcome is dementia
progression, and the event rate in the placebo
group is 40% and treatment intervention produces
a 30% reduction, 325 patients would be required
for a parallel design controlled trial. If the placebo
rate is 50% and treatment induces a 30% reduc-
tion, 226 patients would be required (Weinshenker
et al, 1996). Recent work suggests a wide varia-
bility in the rate of neurologic progression in HIV
dementia, with a proportion of individuals show-
ing prolonged cognitive stability (Bouwman et al,
1996). This observation means that dementia trials
will need to factor in this inherent variability in
calculations of anticipated progression and sample
size.

Antiretroviral strategies for therapy of
HIV-associated dementia

Lessons from pediatric trials
Progressive encephalopathy, the childhood
equivalent of HIV dementia, develops in 20 to
60% of children with HIV infection, with variable
rates of progression (Belman et al, 1988). Several
clinical trials have shown some efficacy for
antiretroviral therapy in this condition. In one of
the earliest and most convincing studies, Pizzo et
al (1988) showed significant improvement in
overall neurological performance, as measured by
IQ scores in children receiving intravenous
zidovudine. This was subsequently confirmed
with oral zidovudine (McKinney, Jr. et al, 1991).
Further information about the effect of dideoxy-
nucleoside analogs on HIV dementia have derived
from pediatric studies of ddl. Earlier studies
showed improvements in neuropsychological per-
formance related to plasma concentration of ddl
(Butler et al, 1991). More recently, combination
therapy with AZT plus ddl was found to improve
survival compared to AZT alone in ACTG 152,

although the combination had no superior effect
on neuropsychological performance (personal
communication).

There is little available information yet about the
use of protease inhibitors in children. Currently, the
recommended treatment for progressive encephalo-
pathy in children is combination antiretroviral
therapy with high dose AZT (15 mg/kg/day) plus
ddl.

Treatment of HIV-associated dementia
Only one placebo-controlled clinical trial of
antiretroviral therapy (with zidovudine) for HIV
dementia in adults has been published. Despite
the paucity of information from controlled clin-
ical trials, in fact, a substantial amount of
evidence has accumulated to indicate that HIV
dementia is treatable and its deficits and func-
tional impact are reversible in a proportion of
patients. Early studies with high dose (greater
than 1200 mg) zidovudine suggested that the
incidence of HIV dementia was significantly
lower in zidovudine recipients than in patients
receiving no treatment (Portegies et al, 1989) and
that the effect might be dose-related (Nordic
Medical Research Councils HIV Therapy Group,
1992). The original licensing trial of zidovudine
showed significant improvements in neuropsy-
chological performance for individuals with ad-
vanced HIV infection; however, this trial
excluded those with severe dementia. Recently,
Chiesi et al (1996) showed a 40% reduction in
risk of HIV dementia after AIDS with zidovudine.
These results have not been confirmed by large
US observational analyses, possibly reflecting the
influence of zidovudine dose on neuroprotection.
It appears that neuroprotective effects of antire-
troviral monotherapy, at currently used doses, are
relatively limited.

One open label study suggested that even severe
dementia might respond to zidovudine therapy.
Tozzi et al (1993) studied 30 patients with HIV
dementia of varying severity and showed sustained
responses in neurologic function with improve-
ments in Memorial Sloan Kettering severity scores
at 3 and 6 months (see Figure 3. The only placebo-
controlled trial of zidovudine (ACTG 005) demon-

Recommendations for design of treatment trials for HIV
dementia

1.

2.

3.

4.

5.

Neuropsychological test batteries and assessments of
everyday functioning should remain primary outcome
measures
Endpoints or outcomes should be used that are clinically-
relevant and sensitive to the effects of change
`Surrogate' markers of nervous system structure, function
or pathophysiology should be developed and validated
against existing instruments
Design of trials must take into account the necessity of
stable antiretroviral `background' and include incentives
for participation, such as open label extension phases
Design of trials must take into account viability of
progression of HIV dementia and the potential heterogeneity
of minor cognitive/motor disorder

Specific recommendations for future study and treatment of
progressive encephalopathy in children

1.

2.

Neurological assessment should be included as part of
systemic disease protocols with the development of
standardized operational definitions of neurological disease
and standardized neurological examinations
In addition to antiretroviral therapies, additional emphasis
should be placed on trials of adjunctive therapies, including
immune-based therapies, eg immunomodulatory therapy;
nutritional therapies, eg omega III fatty acids, carnitine; and
trials for opportunistic infection prophylaxis
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strated that zidovudine therapy improved neurop-
sychological performance in individuals with HIV
dementia (Sidtis et al, 1993). `High dose' AZT
(2000 mg per day) was more efficacious than `low
dose' AZT (1000 mg per day). This trial led to the
recommendation, still current, that treatment of
established HIV dementia include zidovudine in
highest tolerable doses (usually 800 to 1000 mg
daily). Other antiretrovirals have not been studied
systematically, either for neuroprotection or treat-
ment of established dementia. There is limited

information on the CNS penetration of the dideox-
ynucleoside analogues, although recent work sug-
gests that ddl may achieve CSF levels of 20% of
plasma (Burger et al, 1995). There is little available
information on combination therapy, and none yet
on protease inhibitors. Data from the MACS
suggests some protective effect of combination
therapy for dementia/wasting syndrome (Graham
et al, 1996). ACTG 193 is an ongoing `piggyback'
study of HIV dementia in patients with advanced
HIV disease with CD4 count less than 50. This
study, when completed in 1997, should provide
important much-needed information on the effects
of currently used combination therapies in indivi-
duals at highest risk for development of HIV
dementia.

New agents for treatment of HAD
A widespread assumption up to now is that
effective HIV dementia antiretroviral therapy must
include agents with good CNS penetration. While
this may indeed be a valid assumption, it should
not a priori limit the use and study of such potent
antiretroviral agents such as the protease inhibi-
tors. Suppression of systemic infection may
reduce further CNS seeding, and thus even a
`non-penetrating' protease inhibitor may have
some effect. The non-nucleoside reverse transcrip-
tase inhibitor, nevirapine (Viramune), apparently
has good CSF penetration, and might be consid-
ered in antiretroviral protocols for HIV dementia.
Table 4 includes the antiretroviral agents which
are either in development or already in clinical
trial.

Figure 3 Open label treatment with zidovudine of 30 patients
with HIV dementia of varying severity showing sustained
responses in neurologic function with improvements in Memor-
ial Sloan Kettering severity scores at 3 and 6 months. From
Tozzi et al (1993). Note that even some severely impaired
patients (MSK 3-4) showed improvements.

Table 4 New antiretroviral agents and immune-based/neuroprotective therapies in development or clinical trial

Name
Antiretrovirals

Type Plasma: CSF Comments

1592
(Abacavir)

Nevirapine
(Viramune)

Delavirdine
(Rescriptor)

6 chlorodideoxyguanosine

VX478/141W94

Indinavir (Crixivan)

Nucleoside analog

Non-nucleoside reverse
transcriptase inhibitor

Non-nucleoside reverse
transcriptase inhibitor

Nucleoside analog

Protease inhibitor

Protease inhibitor

approximately 0.2

approximately 0.4

0.01

approximately 0.2

0.01

0.2

Multicenter Phase II/III trial began
8/96
No controlled trials underway

Phase I/II recently completed
(Pharmacia-Upjohn)

May reduce HIV replication in
chronically infected cells

Clinical trials being considered
for neurological disease

No clinical trials underway, but in
widespread clinical use

Immune-based./neuroprotective therapies

Memantine
Lexipafant

Prednisone
Deprenyl

NMDA receptor antagonist
Platelet activating factor

antagonist
Macrophage suppression
Putative anti-apoptotic agent

ACTG 301: to start 12/96
Dana Consortium Phase I/II: to start
12/96
ACTG: in development
Dana Consortium Phase I/II study
completed. Development planned

Further information about clinical Trials can be obtained from 1-800-TRIALSA, or via the World Wide Web
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Immune-based and neuroprotective therapies
for HIV dementia

Numerous reviews have summarized the multitude
in vitro and ex vivo studies of the pathophysiolo-
gical mechanisms of neuronal dysfunction and
death occurring with HIV dementia (see Figure 4).
In addition to antiretroviral therapies, strategies
focusing on blockade of aberrant immune reactions
or on neuronal protective strategies may have an
important adjunctive role for the treatment of HIV
dementia, or its protection. In one of the most
recent comprehensive reviews, Dewhurst, Gelbard,
and Fine (1996) discuss the role of a number of
candidate neurotoxins which may be important in
causation of HIV dementia, triggering neuronal

damage through common pathways involving the
induction of oxidative stress and excitotoxicity.
Table 5 includes the candidate neurotoxins in HIV
dementia.

A number of in vitro model systems have been
developed which may facilitate the clinical devel-
opment of novel immune-based/neuroprotective

Recommendations for development of future antiretroviral
therapies for HIV dementia

1.

2.

3.

To develop and facilitate methods to implement more rapid
development and clinical testing of new antiretroviral agents
To collect better information on the importance of CNS
penetration of the protease inhibitors and other new
antiretrovirals and the impact of potent combination
therapies on CSF viral load
To include neurological assessments as part of routine
clinical evaluations in systemic disease antiretroviral proto-
cols and set up active surveillance and operational case
definitions to capture HIV dementia as an outcome

Table 5 Candidate neurotoxins in HIV dementia (modified from Dewhurst [1996])

Molecule Comments References

HIV-1 gp-20

gp41

HIV-1 Tat

TNF=-a

IL-6
PAF

Arachidonic acid
and its metabolites

Excitotoxins
glutamate

Reactive oxygen
species, nitric
oxide

CNS injury occurs in gp120-transgenic mice; toxic to cultured human nuerons through
the induction of soluble factors from microglia; stimulates glutamate efflux from
human astrocytes

Neurotoxic in mixed neuronal/glial cultures, elevated levels of brain gp41 associated
with severe or rapidly progressive HAD
Infusion of HIV- Tat peptides into murine brain causes inflammatory CNS damage

that is reversible upon blockade of TNF-a; HIV-1 Tat also mediates oxidative stress
and is toxic to cultured human neurons

Expressed at high levels in CNS of persons with HIV-1 dementia; toxic to cultured
human neurons; mediates oxidative stress in human cells and activates transcription
factor NF-KB, which upregulates expression of HIV-1 and of cellular genes including
iNOS and adhesion molecules

CNS injury occurs in IL-6 transgenic mice; toxic to human neurons
PAF elevation in CSF correlates with dementia and immunosuppression in AIDS;

toxic to human neurons at physiological levels
Present at elevated levels in CNS in HIV-1 dementia; produced by activated, HIV-1-
infected human monocytes in vitro; inhibits glutamate uptake by rodent astrocytes

Excitotoxic tryptophan metabolites are increased in HIV-1 dementia (quinolinic acid,
3-hydroxykyurenine); NMDA receptor anatagonists block gp120-, PAF-, and
Tat-toxicityin human and/or rodent neurons; non-NMDA antagonists block TNF-a and
Tat-neurotoxicity in human neurons

Inhibition of nitric oxide synthesis and/or addition of anti-oxidanrts to human
and/or rodent neurons can protect against gp120- or TNF-a-mediated neurotoxicity

Lipton and Gandelman.
(1995);
Toggas et al. (1994);
Koka et al. (1995);
Benos et al. (1994)
Adamson et al. (1996)

Philippon et al. (1994)
Magnuson et al. (1995)

Wesselingh et al. (1993)

Yeung et al. (1995)
Gelbard et al. (1994)

Lipton et al. (1995);
Griffin et al. (1994);
Volterra et al. (1994)
Lipton et al. (1995);
Magnuson et al. (1995);
Gelbard et al. (1993);
Gelbard et al. (1994);
Sardar (1995)
Lipton and Gendelman
(1995);
Talley et al. (1995)

Figure 4 Hypothetical pathophysiologic mechanisms in HIV
dementia. During `reversible' phase there is limited infection of
CNS macrophages and microglia, with macrophage activation
and release of pro-inflammatory cytokines, platelet activating
factor, and free oxygen radicals. These stimulate astrocytosis and
neuronal dysfunction. During `irreversible' phase, productive
CNS infection increases, with release of neutotoxic gp41. With
declining CD4 count, reduced inhibitory control leads to intense
macrophage activation. Release of nitric oxide (NO) is associated
with neuronal death and severe dementia.
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(IB/NP) therapies. As one example of many systems,
Persidsky et al (1996) developed a SCID mouse
model system. With intracerebral inoculation of
HIV-infected monocytes, many of the pathological
features of HIV encephalitis can be duplicated. This
is one of the systems under development which may
provide a test system in which to rapidly screen
candidate agents.

Several Phase I/II clinical trials of IB/NP agents
have been completed for HIV dementia. These
include the TNF-a antagonist pentoxifylline
(McArthur et al, 1994); the calcium channel
antagonist nimodipine (Navia et al, 1996); the
anti-oxidant OPC14117 (Data Consortium for Treat-
ment of HIV Dementia, 1996); the anti-oxidant
thioctic acid; and the putative anti-apoptotic agent
Deprenyl (K. Kieburtz personal communication).
The Phase I/II studies have been conducted
principally to generate information about toxicity
and safety of these agents given in combination with
antiretroviral therapies. For at least three of them,
nimodipine, OPC14117, and Deprenyl, positive
trends suggesting neuropsychological improvement
have been seen.

Treatment of CMV-induced neurologicial
disease and PML

CMV-induced neurologic disease
CMV retinitis remains the most common CNS
manifestation of CMV disease; however, two
discrete syndromes, CMV encephalitis and CMV
radiculomyelitis, are also frequent opportunistic
infections, occurring in 2 to 5% of patients with
AIDS. With the availability of oral ganciclovir and
its ability to prevent CMV disease, there may well
be changes in the incidence of CMV encephalitis or
radiculomyelitis. It remains to be seen exactly how
widespread the use of oral ganciclovir will become,
especially taking into account cost and the high
number of capsules required for prophylaxis. A
major advance in the early diagnosis of CMV

encephalitis and radiculomyelitis is the detection
of CMV DNA in cerebrospinal fluid. The develop-
ment of PCR evaluation of the CSF for CMV has
facilitated early and more definitive diagnosis.
Several studies (Fillet et al, 1993; Cinque et al,
1992; Wolf and Spector, 1992; Gozlan et al, 1992,
1995; Cinque et al, 1996) confirm that a positive
DMV DNA PCR is highly predictive of CMV
neurological disease. For diagnosis of CMV en-
cephalitis, CMV DNA PCR has a sensitivity of 84%,
specificity of 98%, and positive predictive value of
90% (Cinque et al, 1996). Up to now, however,
successful therapy of CMV encephalitis is only
anecdotal. While there is more extensive experi-
ence with the successful treatment of CMV
radiculomyelitis with antivirals (Cohen et al,
1993), neither syndrome has been evaluated
systematically in a controlled trial. Based partly
on experience with the combined use of ganciclo-
vir and foscarnet for treatment of systemic CMV
infection (Dieterich et al, 1993; Weinberg et al,
1994) and in vitro evidence of synergism (Man-
ischewitz et al, 1990), the ACTG HIV Neurology
Group has designed a PhaseI/II pilot treatment
study (ACTG 305) to examine the CSF penetration
and response to combined ganciclovir and foscar-
net in CMV encephalitis and radiculomyelitis. The
trial will include an induction phase of high dose
foscarnet plus ganciclovir, followed by a main-
tenance phase and will examine the relationship
between plasma and CSF concentrations of the two
agents, drug resistance, as well as the role of
quantitative CSF PCR to assess CMV viral load.

Cidofovir is a recently approved anti-CMV agent
with proven efficacy against CMV retinitis. The
agent has significant renal toxicity, and its efficacy
for treatment of neurologic disease has not been
explored.

Progressive Multifocal Leukoencephalopathy
PML has become a relatively common disease in
AIDS, and unlike CMV disease, cannot be pre-
vented, so its incidence is likely to rise with
improvements in survival. Up to now, diagnosis
has relied on brain biopsy confirmation; however,
detection of JC virus in cerebrospinal fluid by PCR
has a sensitivity of approximately 60 to 70% (G

Recommendations for development of future immune-based and
neuroprotective strategies for HIV dementia and neuropathy

1.

2.

3.

4.

5.

To develop rapid pre-clinical testing systems, in small
animal or in vitro, for identification of potentially useful
agents
To expand and facilitate an efficient system for conducting
Phase I/II trials in a rapid, efficient manner
To design and plan Phase I/II trials in parallel with the
design of larger scale Phase II/III trials so that well-
tolerated agents can quickly be moved to pivotal trials of
efficacy
To include in neurologic trials surrogate markers sensitive
to changes in pathophysiological events affected by the
specific intervention
To develop trials focusing on the impact of these types of
therapies for HIV-associated sensory neuropathy and
vacuolar myelopathy Recommendations for CMV disease

1.

2.

3.

To track incidence trends for CMV neurologic diseases as
primary prophylaxis becomes more common
To rapidly complete ACTG 305 (combination of ganci-
clovir and foscarnet) to define pharmacokinetics of avail-
able antivirals and the utility of assays of CMV resistance
and quantitative PCR
To develop, in collaboration with virologists and pharma-
cologists, newer, less toxic anti-CMV agents and move
quickly to trial
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Major, personal communication). This suggests
that trials in the future could be conducted without
a requirement for biopsy. Therapy up to now has
been very limited, with scattered anecdotal reports
of responses to alpha interferon, cytosine arabino-
side, high dose antiretrovirals, and occasional
spontaneuous remissions. The ACTG has recently
closed the first controlled trial of PML (243)
comparing the safety and efficacy of cytosine
arabinoside in biopsy-proven PML. Sixty-two
patients were randomized to receive either max-
imized antiretroviral therapy or maximized anti-
retroviral therapy with either intravenous or
intrathecal cytoside arabinoside. No survival ben-
efit was seen. The median survival was 10.6 weeks
in the antiretroviral arm compared to 12 weeks in
the combined Ara-C arms (no significant differ-
ence).

Replication of the JC virus relies on cellular
replication machinery, as well as the JC virus large
T antigen. The T antigen recruits a critical enzyme,
topoisomerase-1 and RNA-primed DNA polymer-
ization then proceeds. This DNA replication/
protein complex is a rational point to target. There
are theoretical reasons, based on the unique
features of JC virus replication, that suggest that
topoisomerase inhibitors might be effective thera-
pies because viral replication should be more
sensitive to topoisomerase inhibitors than cellular
replication. Kerr et al (1993) have shown that the
topoisomerase inhibitor camptothecin and its
congener topotecan can inhibit JC virus DNA
replication in glioma cells. Several campothecan
analogs have been synthesized, including CPT-11,
topotecan, and 9-amino-campothecan (9AC). Cur-
rently two topoisomerase-1 inhibitors are under
consideration for PML trials. Topotecan, has
recently been approved by the FDA for treatment
of ovarian cancer under the trade name Hyacamtin.
A Phase II trial of topotecan has been developed by
Smith-Kline-Beecham and is ready to begin in late
1996 (W Royal, personal communication). 9AC is
currently in Phase I/II testing for cancer patients
who have received previous chemotherapy and a

Phase I trial of 9AC in HIV-related KS is underway
within ECOG. A Phase I trial in patients with HIV-
associated PML has been proposed by the ACTG
Neurology Group to determine toxicity and CSF
penetration and to ascertain tolerable doses and
toxicity.

Cidofovir, recently licensed from treatment of
CMV retinitis, may have some anti-JC virus effect,
but its activity needs to be confirmed further in in
vitro studies, and nephrotoxicity may limit its
application. A Phase I study is in development
within the ACTG. Finally, alpha interferon, may
have some efficacy for PML, based on its antiviral
properties. An observational study in PML
recently suggests a positive effect on survival
and slowing disease progression (Huang et al,
1996).

In conclusion, we have reviewed previous clin-
ical trials designed to treat HIV-associated neurolo-
gical diseases, and we provide specific recommen-
dations for the design of new clinical trials, as well
as potential new therapies for HIV dementia,
neuropathy, neurologic CMV disease, and PML.
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Recommendations for development of therapeutic agents for
PML

1.

2.

3.
4.

To clarify the sensitivity/specificity of CSF JCV PCR, to
avoid requirement for brain biopsy in trials of PML
To perform in vitro studies and Phase I/II trials of
toposiomerase inhibitors and cidofovir
To conduct trials of topotecan and alfa interferon
To develop a centralized database to collect information
about open label use of anti-PML agents, diagnostic tools
and natural history

References

Acker MB (1986). Relationships between test scores and
everyday life functioning. In: Uzzell, BP and Gross Y
(eds.) Clinical Neuropsychology of Intervention pp.
85 ± 117. Boston: Martinus Nijhoff Publishing.

Ad Hoc FDA Dementia Assessment Task Force (1991).
Antidementia Drug Assessment Symposium.
Neurobiology of Aging 12: 379 ± 382.

Adamson DC, Wildemann B, Sasaki M, Glass JD,
McArthur JC, Christov VI, Dawson TM, Dawson VL
(1996). Immunologic nitric oxide synthase: Elevation
in severe AIDS dementia and induction by HIV-1 coat
protein, gp41. Science 274: 1917 ± 1921.

Albert SM, Marder K. Dooneief G, Bell K, Sano M,
Todak G, Stern Y (1995a). Neuropsychologic
impairment in early HIV infection. A risk factor for
work disability. Arch Neurol 52: 525 ± 530.

Albert SM, Todak G, Elkin E, Marder K. Dooneief G,
Stern Y (1995b). Time allocation and disability in HIV
infection: A correlational study. J Occup Sci 1: 21 ±
30.

HIV neurologic therapies
N Sacktor and J McArthur

97



Bacellar H, Munoz A, Miller EN, Cohen BA, Besley D,
Selnes OA, Becker JT, McArthur JC (1994). Temporal
trends in the incidence of HIV-1 related neurologic
diseases: Multicenter AIDS Cohort Study, 1985-1992.
Neurology 44: 1892 ± 1900.

Barker PB, Lee RR, McArthur JC (1995). AIDS dementia
complex: Evaluation with proton MR spectroscopic
imaging. Radiology 195: 58 ± 64.

Belman AL, Diamond G, Dickson D, Horoupian D, Llena
J, Lantos G, Rubinstein A (1988). Pediatric acquired
immunodeficiency syndrome. Neurologic syndromes
[published erratum appears in Am J Dis Child 1988
May; 142(5):507]. Am J Dis Child 142: 29 ± 35.

Benos DJ, Hahn BH, Bubien JK, Ghosh SK, Mashburn
NA, Chaikin MA, Shaw GM, Benveniste EN (1994).
Envelope glycoprotein gp120 of human
immunodeficiency virus type 1 alters ion transport
in astrocytes: Implications for AIDS dementia
complex. Proc Natl Acad Sci USA 91: 494 ± 498.

Bouwman FH, Skolasky R, Hes D, Selnes OA, Glass JD,
Nance-Sproson TE, Royal W, Dal Pan GJ, McArthur JC
(1996). Rapid progression of HIV-associated dementia:
Association with CNS immune activation (Un Pub).

Burger DM, Kraayeveld CL, Meenhorst PL, Mulder JW,
Hoetelmans RMW, Koks CHW, Beijnen JH (1995).
Study on didanosine concentrations in cerebrospinal
fluid. Pharmacy World & Science 17: 218 ± 221.

Butler KM, Husson RN, Balis RM, Brouwers P, Eddy J,
el-Amin D, Gress J, Hawkins M, Jarosinki P, Moss H,
Poplack D, Santacroce S, Venzon D, Wiener L,
Wolters P, Pizzo PA (1991). Dideoxyinosine in
children with symptomatic human immuno-
deficiency virus infection. N Engl J Med 324: 137 ±
144.

Chiesi A, Vella S, Dally LG, Pedersen C, Danner S,
Johnson AM, Schwander S, Goebel FD, Glauser M,
Antunes F, Lundgren JD (1996). Epidemiology of
AIDS dementia complex in Europe. Journal of
Acquired Immune Deficiency Syndromes and Human
Retrovirology 11: 39 ± 44.

Cinque P, Vago L, Brytting M, Castagna A, Accordini A,
Sundqvist V-A, Zanchetta N, D'Arminio Monforte A,
Wahren B, Lazzarin A, Linde A (1992).
Cytomegalovirus infection of the central nervous
system in patients with AIDS: diagnosis by DNA
amplification from cerebrospinal fluid. J Infect Dis
166: 1408 ± 1411.

Cinque P, Vago L, Dahl H, Brytting M, Terreni MR,
Fornara C, Racca S, Castagna A, Monforte AD,
Wahren B, Lazzarin A, Linde A (1996). Polymerase
chain reaction on cerebrospinal fluid for diagnosis of
virus-associated opportunistic diseases of the central
nervous system in HIV-infected patients. AIDS 10:
951 ± 958.

Cohen BA, McArthur JC, Grohman S, Patterson B, Glass
JD (1993). Neurologic prognosis in CMV
polyradiculomyelopathy in AIDS. Neurology 43:
493 ± 499.

Cohen RA, O'Donnell BF, Meadows ME, Moonis M,
Stone WF, Drachman DA (1995). ERP indicies and
neuropsychological performance as predictors of
functional outcome in dementia. Journal of Geriatric
Psychiatry & Neurology 8: 217 ± 225.

Dana Consortium for Treatment of HIV Dementia (1996).
Anti-oxidant treatment in HIV dementia. Neuroscience
of HIV Infection March 6-9, Paris.

Davis KL, Thal LJ, Gamzu ER, Davis CS, Woolson RF,
Gracon SI, Drachman DA, Schneider LS, Whitehouse
PJ, Hoover TM, Morris JC, Kawas CH, Knopman DS,
Earl NL, Kumar V, Doody RS and The Tacrine
Collaborative Study Group (1992). A double-blind,
placebo-controlled multicenter study of tacrine for
Alzheimer's disease. N Engl J Med 327: 1253 ± 1259.

Dewhurst S, Gelbard HA, Fine SM (1996).
Neuropathogenesis of AIDS (review). Molecular
Medicine Today 2: 16 ± 23.

Dieterich DT, Poles MA, Lew EA, Mendez PA, Murphy
R, Addessi A, Holbrook JT, Naughton K, Friedberg DN
(1993). Concurrent use of ganciclovir and foscarnet to
treat cytomegalovirus infection in AIDS patients. J
Infect Dis 167: 1184 ± 1188.

Fein G, Biggins CA, Mackay S (1995). Delayed latency of
the event-related brain potential P3A component in
HIV disease. Progressive effects with increasing
cognitive impairment. Arch Neurol 52: 1109 ± 1118.

Fillet AM, Katlama C, Visse B, Camilleri S, Rogeaux O,
Huraux JM (1993). Human CMV infection of the CNS:
concordance between PCR detection in CSF and
pathological examination. AIDS 7: 1016 ± 1017.

Gallant JE, Moore RD, Richman DD, Keruly J, Chaisson
RE, Zidovudine Epidemiology Study Group (1992).
Incidence and natural history of cytomegalovirus
disease in patients with advanced human
immunodeficiency virus disease treated with
zidovudine. J Infect Dis 166: 1223 ± 1227.

Gelbard HA, Dzenko KA, DiLoreto D, del Cerro C, del
Cerro M, Epstein LG (1993). Neurotoxic effects of
tumor necrosis factor alpha in primary human
neuronal cultures are mediated by activation of the
glutamate AMPA receptor subtype: Implications for
AIDS neuropathogenesis. Dev Neurosci 15: 417 ± 422.

Gelbard HA, Nottet HSLM, Swindells S, Jett M, Dzenko
KA, Genis P, White R, Wang L, Choi YB, Zhang DX,
Lipton SA, Tourtellotte WW, Epstein LG, Gendelman
HE (1994). Platelet activating factor. A candidate
human immunodeficiency virus type 1-induced
neurotoxin. J Virol 68: 4628 ± 4635.

Glass JD, Fedor H, Wesselingh SL, McArthur JC (1995).
Immunocytochemical quantitation of HIV in the brain:
Correlations with HIV-associated dementia. Ann
Neurol 38: 755 ± 762.

Gozlan J, Salord JM, Roullet E, Baudrimont M, Caburet F,
Meyohas MC, Duvivier C, Jacomet C, Petit JC (1992).
Rapid detection of cytomegalovirus DNA in
cerebrospinal fluid of AIDS patients with neurologic
disorders. J Infect Dis 166: 1416 ± 1421.

Gozlan J, El Amrani M, Baudrimont M, Costagliola D,
Salord JM, Duvivier C, Picard O, Meyohas M, Jacomet
C, Schneider-Fauveau V, Petit J-C, Roullet E (1995). A
prospective evaluation of clinical criteria and
polymerase chain reaction assay of cerebrospinal
fluid for the diagnosis of cytomegalovirus-related
neurological diseases during AIDS. AIDS 9: 253 ± 260.

HIV neurologic therapies
N Sacktor and J McArthur

98



Graham NMH, Hoover DR, Park LP, Stein DS, Phair JP,
Mellors JW, Detels R, Saah AJ, Taylor E, Margolick JB,
Markham R, McArthur J, Farzadegan H, Armenian H,
Chmeil JS, Cohen B, Wesch J, Wolinsky S, Visscher
BR, Fahey JL, Giorgi JV, Dudley J, Lee M, Nishanian
P, Rinaldo CR (1996). Survival in HIV-infected
patients who have received zidovudine. Comparison
of combination therapy with sequential monotherapy
and continued zidovudine monotherapy. Ann Intern
Med 124: 1031 ± 1038.

Griffin DE, Wesselingh SL, McArthur JC (1994). Elevated
central nervous system prostaglandins in HIV-
associated dementia. Ann Neurol 35: 592 ± 597.

Heaton RK, Chelune GJ, Lehman RA (1978). Using
neuropsychological and personality tests to assess
the likelihood of patient employment. J Nerv Ment
Dis 166: 408 ± 416.

Heaton RK, Velin RA, McCutchan JA, Gulevich SJ,
Atkinson JH, Wallace MR, Godfrey HPD, Kirson DA,
Grant I, The HNRC Group (1994). Neuropsychological
impairment in human immunodeficiency virus-
infection: Implications for employment. Psycho-
somatic Med 56: 8 ± 17.

Hill RD, Backman L, Fratiglioni L (1995). Determinants
of functional abilities in dementia. J Am Geriatrics
Soc 43: 1092 ± 1097.

Huang S, Skolasky R, Dal Pan GJ, Royal W, McArthur JC
(1996). Survival prolongation and sympton palliation
in HIV seropositive patients with PML treated with
alpha interferon (Un Pub).

Janssen RS, Nwanyanwu OC, Selik RM, Stehr-Green JK
(1992). Epidemiology of human immunodeficiency
virus encephalopathy in the United States.
Neurology 42: 1472 ± 1476.

Kerr DA, Chang CF, Gordon J. Bjornsti MA, Khalili K
(1993). Inhibition of human neurotropic virus (JCV)
DNA replication in glial cells by camptothecin.
Virology 196: 612 ± 618.

Koka P, Zack JA, Kitchen S, Peacock W, Fried I, Tran Y,
Yashar SS, Merrill JE (1995). Human
immunodeficiency virus 1 envelope proteins induce
interleukin 1, tumor necrosis factor alpha and nitric
oxide in glial cultures derived from fetal, neonatal,
and adult human brain. J Exp Med 182: 941 ± 951.

Lipton SA, Gendelman HE (1995). Dementia associated
with the acquired immunodeficiency syndrome. N
Engl J Med 332: 934 ± 940.

Magnuson DSK, Knudsen BE, Geiger JD, Brownstone
RM, Nath A (1995). Human immunodeficiency virus
type 1 Tat activates non-N-methyl-D-aspartate
excitatory amino acid receptors and causes
neurotoxicity. Ann Neurol 37: 373 ± 380.

Maj M, Satz P, Janssen R, Zaudig M, Starace F, D'Elia L,
Sughondhabirom B, Mussa M, Naber D, Ndetei D,
Schulte G, Sartorius N (1994). WHO Neuropsychiatric
AIDS Study, Cross-sectional Phase II.
Neuropsychological and neurological findings. Arch
Gen Psychiatry 51: 51 ± 61.

Manischewitz JF, Quinnan GV, Lane HC, Wittek AE
(1990). Synergistic effect of ganciclovir and foscarnet
on cytomegalovirus replication in vitro. Antimicrob
Agents Chemother 34: 373 ± 375.

McArthur JC, Selnes OA, Dal Gan GJ, Yost B, Oette D,
Gelpke L, Clifford D, Price RW, Wesselingh S, Griffin
DE (1994). Phase I/II trial of pentoxifylline in HIV-
associated dementia and myelopathy. Neuroscience of
HIV Infection: Basic and Clinical Frontiers Vancouver
BC Aug 2-5.

McArthur JC, Grant I (1996). HIV neurocognitive
disorders. Neurological and Neuropsychiatric
Manifestations of HIV-1 Infection (In Press).

McConnell JR, Swindells S, Ong CS, Gmeiner WH, Chu
WK, Brown DK, Gendelman HE (1994). Prospective
utility of cerebral proton magnetic resonance
spectroscopy in monitoring HIV infection and its
associated neurological impairment. AIDS Res Hum
Retroviruses 10: 977 ± 982.

McKinney RE Jr, Maha MA, Connor EM, Feinberg J,
Scott GB, Wulfsohn M, McIntosh K, Borkowsky W,
Modlin JF, Weintrub P, O'Donnell K, Gelber RD,
Knowlton Rogers G, Nusinoff Lehrman S, Wilfert CM,
Protocol 043 Study Group (1991). A multicenter trial
of oral zidovudine in children with advanced human
immunodeficiency virus disease. N Engl J Med 324:
1018 ± 1025.

Moore RD, Chaisson RE (1996). Natural history of
opportunistic disease in an HIV-infected urban
clinical cohort. Ann Intern Med 124: 633.

Navia BA, Dafni U, Simpson D, Slasor P, McArthur J,
Zaborski L, Lipton SA (1996). A Phase I/II trial of
nimodipine for the treatment of neurological
manifestations associated with HIV infection,
including AIDS dementia complex and peripheral
neuropathy (Un Pub).

Nordic Medical Research Councils HIV Therapy Group
(1992). Double blind dose-response study of
zidovudine in AIDS and advanced HIV infection. Br
Med J 304: 13 ± 17.

Persidsky Y, Limoges J, McComb R, Bock P, Baldwin T,
Tyor W, Patil A, Nottet HSLM, Epstein L, Gelbard H,
Flanagan E, Reinhard J, Pirruccello SJ, Howard E,
Gendelman HE (1996). Human immunodeficiency
virus encephalitis in SCID mice. Am J Pathol 149:
1027 ± 1053.

Philippon V, Vellutini C, Gambarelli D, Harkiss G,
Arbuthnott G, Metzger D, Roubin R, Filippi P
(1994). The basic domain of the lentiviral Tat
protein is responsible for damages in mouse brain:
Involvement of cytokines. Virology 205: 519 ± 529.

Pizzo PA, Eddy J, Falloon J, Balis FM, Murphy RF, Moss
H, Wolters P, Brouwers P, Jarosinski P, Rubin M
(1988). Effect of continuous intravenous infusion of
zidovudine (AZT) in children with symptomatic HIV
infection. N Engl J Med 319: 889 ± 896.

Portegies P, de Gans J, Lange JM, Derix MM, Speelman
H, Bakker M, Danner SA, Goudsmit J (1989).
Declining incidence of AIDS dementia complex after
introduction of zidovudine treatment [published
erratum appears in BMJ 1989 Nov 4;299(6708):1141].
Br Med J 299: 819 ± 821.

Rao SM, Leo GJ, Ellington L, Nauertz T, Bernardin L,
Unverzagt F (1991). Cognitive dysfunction in multiple
sclerosis. II. Impact on employment and social
functioning. Neurology 41: 692 ± 696.

HIV neurologic therapies
N Sacktor and J McArthur

99



Rothlind JC, Bylsma FW, Peyser C, Folstein SE, Brandt J
(1993). Cognitive and motor correlates of everyday
functioning in early Huntington's disease. J Nerv Ment
Dis 181: 194 ± 199.

Sardar AM, Bell JE, Reynolds GP (1995). Increased
concentrations of the neurotoxin 3-
hydroxykynurenine in the frontal cortex of HIV-1-
positive patients. J Neurochem 64: 932 ± 935.

Sidtis JJ, Gatsonis C, Price RW, Singer EJ, Collier AC,
Richman DD, Hirsch MS, Schaerf FW, Fischl MA,
Kieburtz K, Simpson D, Koch MA, Feinberg J, Dafni
R, AIDS Clinical Trials Group (1993). Zidovudine
treatment of the AIDS dementia complex: results of a
placebo-controlled trial. Ann Neurol 33: 343 ± 349.

Sidtis JJ (1994). Evaluation of the AIDS dementia
complex in adults. In: Price, RW and Perry, SW,
(eds.) HIV, AIDS and the Brain pp. 273 ± 287. New
York: Raven Press.

Talley AK, Dewhurst S, Perry S, Dollard SC, Gummuluru
S, Fine SM, New D, Epstein LG, Gendelman HE,
Gelbard HA (1995). Tumor necrosis factor alpha
induces apoptosis in human neuronal cells: Protection
by the antioxidant N-acetylcysteine and the genes bcl-2
and crm A. Mol Cell Biol 15: 2359 ± 2366.

The Dana Consortium on Therapy for HIV Dementia and
Related Cognitive Disorders (1996). Clinical
confirmation of the American Academy of Neurology
algorithm for HIV-1 associated cognitive/motor
disorder. Neurology 47: 1247 ± 1253.

Toggas SM, Masliah E, Rockenstein EM, Rall GF,
Abraham CR, Mucke L (1994). Central nervous
system damage produced by expression of the HIV-1
coat protein gp120 in transgenic mice. Nature 367:
188 ± 193.

Tozzi V, Narciso P, Galgani S, Sette P, Balestra P, Gerace
C, Pau FM, Pigorini F, Volpini V, Camporiondo MP
(1993). Effects of zidovudine in 30 patients with mild
to end-stage AIDS dementia complex. AIDS 7: 683 ±
692.

Tross S, Price RW, Navia B, Thaler HT, Gold J, Sidtis JJ
(1988). Neuropsychololgical characterization of the
AIDS dementia complex: a preliminary report. AIDS
2: 81 ± 88.

Van Gorp WG, Hinkin C, Satz P, Miller EN, Weisman J,
Holston S, Drebing C, Marcotte TD, Dixon W (1993).
Subtypes of HIV-related neuropsychological function-
ing: a cluster analysis approach. Neuropsychology 7:
62 ± 72.

Volterra A, Trotti D, Racagni G (1994). Glutamate uptake
is inhibited by arachidonic acid and oxygen radicals
via two distinct and additive mechanisms. Mol Phar
46: 986 ± 992.

Weinberg DV, Murphy R, Naughton K (1994). Combined
daily therapy with intravenous ganciclovir and
foscarnet for patients with recurrent cytomegalovirus
retinitis. Am J Ophthalmol 117: 776 ± 782.

Weinshenker BG, Issa M, Baskerville J (1996). Meta-
analysis of the placebo-treated groups in clinical trials
of progressive MS. Neurology 46: 1613 ± 1619.

Wesselingh SL, Power C, Glass J, Tyor WR, McArthur JC,
Farber JM, Griffin JW, Griffin DE (1993). Intracerebral
cytokine messenger RNA expression in acquired
immunodeficiency syndrome dementia. Ann Neurol
33: 576 ± 582.

Wolf DG, Spector SA (1992). Diagnosis of human
cytomegalovirus central nervous system disease in
AIDS patients by DNA amplification from
cerebrospinal fluid. J Infect Dis 166: 1412 ± 1415.

Yeung MC, Pulliam L, Lau AS (1995). The HIV envelope
protein gp120 is toxic to human brain-cell cultures
through the induction of interleukin-6 and tumor
necrosis factor-a. AIDS 9: 137 ± 143.

Participants in HIV neurologic therapies workshop

Becky Becker, PA-C
Johns Hopkins University

Anita Belman, MD
SUNY-Stony Brook

Joseph Berger, MD
University of Kentucky

Roberta Black
Division of AIDS, NIAID,
NIH

Charles Blackshear, MD

Jeffrey Bloom
AIDS Action, Washington
DC

John Booss, MD
VA Medical Center, West
Have, CT 06516

Carolyn B. Britton, MD
Neurologic Institute,
Columbia University

Kay Carter, PA-C
Johns Hopkins University

Matthew Chappell
ACT UP Golden Gate

David Clifford, MD
Washington University

Bruce Cohen, MD
Northwestern University
Medical School

Ted Dawson, MD, PhD
Johns Hopkins University

Valina Dawson, PhD
Johns Hopkins University

Lynda Dee, E.D. AAB
AIDS Action, Baltimore

Marjorie Dehlinger, D.N.Sc.
HIVRB, DAIDS, NIAID, NIH

Lee E. Eiden
NIMH, NIH

Ronald Ellis, MD, PhD
University of California
San Diego

Leon Epstein, MD
University of Rochester
Medical Center

Deneen Esposito
Johns Hopkins University

Charles Flexner, MD
Johns Hopkins University

Lawrence Fox, MD, PhD
HIVRB, DAIDS, NIAID,
NIH

HIV neurologic therapies
N Sacktor and J McArthur

100



Joel Gallant, MD
Johns Hopkins University

Suzanne Gartner, PhD
Johns Hopkins University

Harris Gelbard, MD, PhD
University of Rochester
Medical Center

Howard Gendelman, MD
University of Nebraska
Medical Center

Walter Goldschmidts, PhD
NIMH, Office on AIDS

Karl Goodkin, MD, PhD
University of Miami
School of Medicine

David Graden, Phd
Smith Kline Beecham
Pharmaceuticals

Colin Hall, MD
University of North Caro-
lina School of Medicine

Harry Haverkos, MD
NIDA, NIH

John W. Henson, MD
Massachusetts General
Hospital

Harry Hollander, MD
University of California,
San Francisco

S.A. Houff, MD, PhD
Washington VAMC

Richard Johnson, MD
Johns Hopkins University

Burk Jubelt, MD
SUNY Health Science
Center

A.P. Kerza-Kwiatecki, PhD
NINDS, NIH

Kamel Khalili
Thomas Jefferson
University

Randall Lanier, PhD
Glaxo-Wellcome Virology
Division

James Learned
PWA Health Group

Michael Lederman, MD
Case Western Reserve
University

Tanya J. Lehky, MD
DCTDA, CBER, FDA

Carl Leventhal, MD
NINDS, NIH

Eugene O. Major PhD
NINDS, NIH

Karen Marder, MD
Columbia University
Sergievsky Center

Christina Marra, MD
University of Washington

Mark Mascolini
Journal of International
Physicians in AIDS

Justin McArthur, MBBS,
MPH
Johns Hopkins University

J. Allen McCutchan, MD
University of California
San Diego

Dawn McGuire, MD
Neurex Corp

Robert R. McKendall, MD
University of Texas
Medical Branch

Judith Millard
Glaxo-Wellcome

Eric Miller, PhD
UCLA Neuropsychiatric
Institute

Mark Mintz, MD
Cooper Hospital/
University Medical Center

Hiroaki Mitsuya MD, PhD
NCI, NIH

Tish Nance-Sproson
Johns Hopkins University

Avindra Nath, MD
University of Manitoba

Bradford Navia, MD
Harvard Medical School

James O'Sullivan
The Charles A. Dana
Foundation

Audrey Penn, MD
NINDS, NIH

Richard Pollard, MD
University of Texas Medi-
cal Branch

Richard Price, MD
University of California at
San Francisco

Lynn Pulliam, PhD
University of California
San Francisco

Henrik Rasmussen, MD,
PhD, DMSc
British Biotech, Inc

Dianne M. Raush, PhD
NIMH, NIH

Jeffrey Rothstein, MD, PhD
Johns Hopkins University

Franck Rousseau
Glaxo-Wellcome, Inc

Walter Royal, MD
Johns Hopkins University

Ned Sacktor, MD
Johns Hopkins University

Ola Selnes, PhD
Johns Hopkins University

Sharon Shriver
ACTG Operations Center

David Simpson, MD
Mount Sinai Hospital

Richard Skolasky, Jr
Johns Hopkins University

Mary E. Smith, MD
DAIDS, NIAID, NIH

Kamla Tiwari
ACTG Operations Center

Carlo Tornatore, MD
Molecular Therapeutics
Section, NIH

Alex Tselis, MD, PhD
Wayne State University
UHC-6E

Patricia Turner
AIDS Program Analyst,
NIH

Benedetto Vitiello, MD
Office of AIDS, NIMH,
NIH

Constantin Yiannoutsos,
PhD
SDAC Harvard School of
Public Health

Fran Young, MSN
Glaxo-Wellcome, Inc

Larry Zaborski
SDAC Harvard School of
Public Health

HIV neurologic therapies
N Sacktor and J McArthur

101


