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Summary

Neurological involvement in HIV is commonly associated with cognitive impairment. While
severe and progressive neurocognitive impairment has become rare in HIV clinics in the era of
potent antiretroviral therapy, a majority of HIV patients worldwide perform below expectations on
formal neurocognitive tests. Co-morbid conditions contribute to impairment, but they are
insufficient to explain the frequency of impairment encountered. HIV disease markers like current
viral load and CD4 counts are no longer strongly associated with ongoing impairment on therapy,
while cardiovascular disease markers and inflammatory markers appear more closely associated.
Novel cerebrospinal fluid and neuroimaging biomarkers are needed to detect and follow
impairment. Ongoing research to optimize HIV therapy within the central nervous system, and
potentially to intervene in downstream mechanisms of neurotoxicity remain important avenues of
future investigation. Ultimately, the full control of virus in the brain is a necessary step in the goal
of HIV eradication. Weekly searches of English language publications referring to HIV
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1988 to August 2013 were performed. In addition, the authors’ own files were manually searched.
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Introduction

Human immunodeficiency virus (HIV) emerged as a major challenge to world health almost
thirty years ago, and has challenged scientists and clinicians to combat its vast and
devastating impact. While recognized for its direct impact on the cellular immune system
through depletion of infected CD4 lymphocytes, it also has had a broad impact on the
nervous system, including evidence for direct pathology in the brain, spinal cord, and
peripheral nerves. This primary HIV associated neurocognitive disorder (HAND) combined
with a unique spectrum of opportunistic infections and malignancy, comprise neuroAIDS.

The landscape of neuroAIDS has rapidly evolved driven by emerging therapeutic options
available for care of HIV patients. Development of combined antiretroviral therapy (CART)
has changed HIV to a chronic disease with life expectancy approaching population norms
for those patients compliant with medications. Leading issues remaining for neuroAIDS
include the implications of persistent low level HIV, ongoing inflammatory responses,
potential therapeutic toxicity, and interaction between aging and neurodegeneration due to
HIV. A functional cure of HIV will require silencing the virus in all body compartments,
including the brain.

HIV remains more prevalent in the developing world. Because HIV therapy often is delayed,
a heavy burden continues to occur in these settings due to neurologi cal opportunistic
infections, particularly cryptococcal and tubercular meningitis, toxoplasma encephalitis, and
progressive multifocal leukoencephalopathy. These complications are largely silenced after
stable cART is achieved. In addition, peripheral neuropathy can impact the quality of life of
HIV patients, but is reduced when therapy that avoids neurotoxic antiretrovirals is started
early after infection. These important neuroAIDS topics are reviewed elsewhere. 1-3 We will
restrict the focus of this manuscript to HAND.4-6

Clinical Manifestations of HIV-Associated Neurocognitive Disorder (HAND) in the cART Era

Far short of the quest for cure, progress toward eliminating HIV associated neurologic
disability has been discouraging.”: 8 Cross sectional studies continue to demonstrate that
around half of all treated HIV patients have cognitive impairment. This represents little
improvement compared to the pre-CART era. A silver lining of the CART era is that more
severe forms of neurocognitive impairment have diminished although milder forms remain.
Sorting out the etiology, prognosis and optimal cART regimen for treated HAND patients
remains a major incomplete task. Understanding the current HAND definitions is essential.
A consensus research definition was articulated in 2006 at Frascati, Italy® with HAND sub-
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classifications created that include asymptomatic neurocognitive impairment (ANI), mild
neurocognitive disorder (MND), and HIV associated dementia (HAD).

HAD—Independent of opportunistic conditions, advanced HIV is associated with cognitive
impairment the consequence of HIV infection within the nervous system.19 AIDS Dementia
Complex (ADC), a subcortical dementia. was characterized as a progressive disabling
condition that manifested in increasing loss of attention and concentration, marked motor
slowing, and variable behavioral components generally leading to death in less than a

year. 11 This syndrome was associated with pathologic changes in the brain that include
generalized atrophy, changes in white matter causing a leukoencephalopathy,(Figure 1)
microglial nodules typical of viral encephalitis, and multinucleated giant cells that appear to
be directly infected by HIV as identified by antigen staining.12: 13 In untreated infection,
severity of dementia was more closely associated with inflammatory response markers than
viral load, although CSF viral load was modestly associated with clinical
manifestations.14-20 The progressive impairment described as ADC, is now referred to as
HIV Associated Dementia (HAD) using recent criteria.

However, confusion may still remain as the term HAD is applied not only to progressive
brain disease due to untreated AIDS, but also for persons who have substantial residual HIV
associated neurological impairment. It is not unexpected that the significant and growing
population who have had brain injury due to HIV, but do not have an obvious progressive
disease, will not be helped by the same treatments as those with active virally mediated
pathology. Extensive research in neuroAIDS has failed to separate these populations,
contributing to disappointing or confusing assessments. Application of current HAND
criteria has too heavily rested on making a diagnosis according to severity of neurological
impairment on neuropsychological exam. It seems important that the dynamic status of
impairment as well as associated pathophysiology be included in diagnostic and therapeutic
efforts. This may help the field address remaining issues more effectively.

Mild neurocognitive disease (MND) and asymptomatic neurocognitive
impairment (ANI)—The prevalence of HAND currently is driven by ANI and MND.
Current categories of MND and ANI are based on neuropsychometric testing abnormalities
with or without functional impairment in activities of daily living.(Table 1) It is clear that
compared to the best available population norms, around half of HIV patients continue to
have lower levels of performance than would be predicted. 7 8- 21 However current HAND
research definitions for ANI and MND may be overly inclusive, resulting in clinically
unimportant inflation of impairment figures.22 Based on neuropsychometric performance
that lacks ideally matched norms, knowledge of prior performance, and exclusion of a
myriad of confounding issues, the utility of the ANI category remains controversial.

Further confounding the current criteria is the definition of functional impairment, the
feature that distinguishes MND from ANI. In practice, assessment of functional impairment
proves to be challenging and is likely imprecise. A variety of approaches are permitted to
define functional capacity. Typically self-report has been used but this is subjective. If
functional impairment is observed it is often difficult to distinguish if changes are caused by
HIV infection or other etiologies. Formalized scales for functional impairment (i.e Lawton
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Brody?23) were developed for other neurodegenerative disorders and are quite dated. More
quantifiable performance measures have been developed that may be more appropriate for
HIV patients. (i.e. Columbia Medication Management Test and the San Diego Finances
Test?4) However, self-report and performance based measures are linked to educational,
cultural, and societal biases and do not have the ability to predict who will develop
progressive impairment. Further, the ability to discriminate between ANI and MND remains
difficult due to the imprecision of these categories such that patients may “wobble” between
these two states. While this could be due to biological factors, it seems equally likely that
limitation of definition of disorders as they are applied in complex patients over time and
testing imprecision substantially contributes to this phenomenon. Long term trajectories of
performance are urgently needed to better understand the potential prognostic implications
of these categories.

Longitudinal Observations of HAND

The Multicenter AIDS Cohort Study (MACS) studied neurocognitive performance of
asymptomatic HIV patients who were either immunologically intact or virologically
controlled and HIV seronegative individuals over a five year interval. HIV patients showed
no decline on several neuropsychometric tests.2> This observation is important and
reassuring. Testing was sensitive enough to detect the anticipated age related decline, yet
failed to demonstrate that there was greater deterioration in performance for asymptomatic
HIV+ population, even within individuals with imperfect viral control. This observation is
consonant with the authors’ impression in the clinics and has been shared by many HIV
providers who report little evidence of a widespread deterioration of neurocognitive
performance in excess of anticipated ageing or attributable to other co-morbid conditions.

On the other hand, there are numerous reports that some HIV patients continue to experience
neurocognitive deterioration despite virologically successful therapy. The ability to assess
neurological functions demands careful evaluation, and in busy clinic settings, mild
conditions may be overlooked. The CNS HIV Antiretroviral Therapy Effects Research
(CHARTER) longitudinal observations of a large US academic clinic cohort, have been
reported in a preliminary form.28 Neurocognitive performance, laboratory measures and
neurological exams were performed every 6 months over a 42 month interval. Most (61%)
HIV patients remained stable, while 16.5% apparently improved neurocognitive status, and
22.7% declined.28 Factors associated with risk of progression included the presence of
severe co-morbidities (such as other infections, drug abuse, other neurological conditions) or
evidence of failure of HIV therapy (off ART and/or low CD4 count). A limitation of this
study is that appropriate HIV seronegative controls were not available.

Clinical trials involving HIV patients with HAND who receive either a control or
intervention have reinforced the impression that cognitive changes due to HIV if present
must be slow, since it does not typically occur in control arms over short duration trials.27-32
Within the AIDS Clinical Trials Group , in one of the longest clinical trials monitored
cohorts on cART, no significant decline in performance was observed over 3 years of
observation.30
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Clinical Presentation of HAND

Clinical neuropsychological manifestations of HAND in the cART era differ considerably
from the classic descriptions of ADC.1! In the pre-CART era a progressive subcortical
dementia with motor and cognitive slowing was prominent. In the earliest clinical trials,
timed motor tasks showed reliable improvement as therapy was initiated, and the patients
showed obvious clinical neurological improvement.33: 34 However, in the CART era more
cortical than subcortical involvement is often seen.?! A comparative analysis evaluating
HIV patients and HIV seronegative subjects from the pre and post-cCART eras has shown
that HIV patients from the pre-cART era had greater impairments in motor skills, cognitive
speed and verbal fluency, whereas the HIV patients from the post-cART era patients had
more impairments in memory (learning) and executive function.2! Subtle cognitive changes
in HIV patients in the post-cART era are also seen in prospective memory, or the ability to
“remember to remember”.3% 36 This may impact function in the workplace as well as
problems with medication adherence. Tests of prospective memory need to be performed in
the clinical setting as patients may be unaware of their deficits.3” It is notable that the
pattern of cognitive dysfunction now seen with HAND is more similar to other more
common degenerative disorders (i.e Alzheimer's disease) than “classic” HAD. This could
provide challenges for differentiating these diseases in older HIV patients in the clinic.

Evaluation of HAND

Monitoring for HAND using neuropsychometric performance testing

NeuroAIDS research has relied heavily on neuropsychometric performance testing for both
diagnosis and monitoring the course of infection. This worked well in the pre-cART era
when obvious progressive HAD could be identified, and when successful intervention with
simple zidovudine monotherapy resulted in unequivocal benefits on neurocognitive

tests.34 38 However, in the CART era use of neuropsychometric performance testing is more
challenging since the major concern is to identify patients with more subtle deficits.
Detection of mild deficits requires more difficult tests that often take longer compared to
simple timed motor administered in the pre-cART era. Seeking short and tolerable screening
tests appropriate for busy HIV clinics in both developing and developed countries, has been
difficult.37. 3941 Commonly used tools include versions of the MiniMental Status Exam
(MMSE), the Montreal Cognitive Assessment (MoCA), the composite Z scores of several
brief neuropsychometric tests used in the ACTG system (NPZ-4), the International HIV
Dementia Screen (IHDS), and portions of CogState tools. In general, these tests are not ideal
as they are neither sensitive nor specific for HAND.37: 40. 42-44 \Whjle consensus exists that
neuropsychometric performance should be repeatedly measured (at least in research),
agreement does not exist concerning the exact battery to be administered.*® It may be
premature to encourage routine repeated implementation of neurocognitive screens in clinic
patients. Neurocognitive testing will continue to have a valuable role in longitudinal
assessments for research, but additional reliable biomarkers with more pathophysiologic
validity are required to transform this field.

Neuropsychometric testing should continue to be utilized to evaluate the efficacy of
interventions for performance during therapeutic trials. When patients serve as their own
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controls and are compared to other patients similarly monitored by the same investigative
team over time, these measures can be sensitive for detection of change relevant to
therapeutic interventions. Comparative groups studied with the same sequence of testing can
account for the learning effects which may be difficult to detect without concurrent controls.
Increasing knowledge about accounting for the impact of practice and familiarity with repeat
testing and of the clinical implications of test performance by study of “meaningful change”
may further enhance the interpretation of observational data that is more widely available.*
However, special caution must be used when applying these tests internationally and
crossing social and cultural groups. Normative data is greatly influenced by very complex
characteristics of administration and the tested population. Careful collection of appropriate
controls is necessary. Because HIV is more prevalent in developing countries, and because
neuropsychometric tests are substantially influenced by social and economic factors, great
effort must be made to develop appropriate local normative assessments. ldeally these norms
would be collected in parallel with active data collection for research at developing world
sites. However, practical considerations have led to less robust norms for developing world
sites than are available for US and European cohorts. Other pathophysiologically based
biomarkers are thus of especially great importance in evaluating manifestations of disease in
the developing world.

Systemic and Plasma markers

Targeting full systemic control of HIV hardly needs justification based on neurological
consequences, since most clinicians now strongly ascribe to the benefits of early and full
control of the virus. The preponderance of evidence about HAND reinforces the primary
importance of systemic control of HIV to achieve optimal neurological outcomes. However,
in the cART era HIV load and CD4 cell counts are no longer closely associated with
neuropsychometric performance.#’- 48 Studies suggest that a lower CD4 nadir increases the
risk for HAND while a recent study of military patients suggests that early treatment may
substantially prevent HAND.21. 49-53

Additional blood markers that are associated with HAND or that could identify a population
at risk of neurologic progression have been difficult to isolate. One of the more promising
areas for potential peripheral biomarkers has been monitoring activation of monocytes.
Within the brain, monocytes and macrophages appear to be important cells that not only
carry the virus, but also can release potentially deleterious cytokines when activated.
Contributions to this inflammatory response may originate outside of the brain and
subsequently invade it. Plasma soluble CD14 has potential as a biomarker as it has been
linked to impairment in attention and learning in HAND patients.>* Detection of HIV DNA
circulating within mononuclear cells may also identify increased risk for HAND.%5-58 These
results are consistent with the theme of increased trafficking of activated monocytes to the
brain that may lead to neurocognitive impairment.>4 59 60 Another measure of activated
monocytes appears to be soluble CD163.This scavenger receptor is up-regulated in activated
monocytes. Recent studies suggest that this may remain elevated in HAND patients on
stable cART. This observation might allow for the selection of HAND patients whose
disease is driven by ongoing systemic cellular activation.51: 62
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Peripheral inflammatory disease from several potential sources may be relevant to HAND.
HIV affects the gut with the potential for microbial translocation driving chronic
inflammation leading to HAD.53. 64 Strategies to reduce such activation might yield
neurocognitive benefits. Cardiovascular risk markers which may also be driven by chronic
immune activation, were correlated with HAND, and provide a potentially critical
modifiable factor. In the MACS study, carotid intima-media thickness (IMT) and glomerular
filtration rate were associated with performance speed on neuropsychometric tests, while
IMT was also associated with memory impairment. 47 In the SMART study, cardiovascular
risks, hypertension and hypercholesterolemia were more associated with baseline
neuropsychometric performance results compared to HIV disease markers.*8 A more recent
CHARTER study has also demonstrated that the increased presence of metabolic risk factors
was associated with HAND.65

Cerebrospinal Fluid (CSF) biomarkers

Evaluations of the CSF reflect the biology of the central nervous system more closely than
blood. The blood brain barrier limits movement from blood to brain compartments, resulting
in a relative physiologic compartment. Often patients and physicians are unduly reluctant to
perform a lumbar puncture for CSF collection. In the absence of abnormal clotting, or large
asymmetric mass in the brain, lumbar punctures are exceedingly safe and when performed
by skilled clinicians generally not as noxious as many other procedures. Use of non-cutting
needles vastly reduces the chance of transient orthostatic headaches that sometimes follow
lumbar puncture. When unique information can be collected, a lumbar puncture should be
performed.

It is clear that occasionally HIV emerges in the CSF heralded by new neurological
symptoms or signs, even in the face of continued blood virologic control. 66-68 This
phenomenon of viral “escape” is uncommon but should alert the clinician to assess CSF if
there are new or active neurological symptoms, not otherwise explained. Rarely,
asymptomatic patients also have detectable HIV in low copy numbers when blood viral
levels are well controlled.89-71 At present there is little evidence for CSF viral evolution in
successfully treated HIV patients, but additional longitudinal CSF studies of treated patients
are needed.

Characteristics of virus recovered in CSF or from the CNS may reflect unique characteristics
of a neurotrophic virus.”? Interest in changes in tat sequences across viruses has suggested
the possibility that variation in clade neurotropism might relate to tat sequence
differences.”374 75 Mutations can occur at specific sequences of the viral genome, and can
affect the ability of the virus to successfully bind and enter macrophages.”®-78 The HIV
epidemic has resulted in subtypes of HIV evolving throughout the world. The possibility
that these also diverge in neurological manifestations has been an area of active research.
Differing prevalence of HAD between Subtype A and D in Uganda suggested differing
pathogenicity,’® but overall comparisons of different HIV clades using neuropsychometric
performance have shown mostly similar results across regions .89 There is little evidence
connecting specific viral characteristics to ultimate development of milder HAND. HIV
RNA and DNA found in the brain at post mortem are most highly associated with

Lancet Infect Dis. Author manuscript; available in PMC 2014 November 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Clifford and Ances

Page 8

multinucleate cell encephalitis with HAD. Pathological findings and viral recovery are not
associated with mild forms of HAND. Indeed, it is notable that ANI and MND do not have
specific neuropathological correlates.81: 82

The clinical utility of inflammatory markers in the CSF has been limited, but these measures
could potentially identify patients at risk for developing HAND. Even patients on long term
suppressive CART have mildly elevated CSF neopterin and 1gG index.83 Persistent immune
activation markers including 1L-6, IL-8, CCL2 (MCP-1) remain present in successfully
treated CART patients.84 Another situation in which dysregulated immune response may
drive impairment and symptoms is during immune reconstitution, particularly in the rare,
but dramatic CD8 encephalitis cases that are reported during treated HIV infection,85-87

Markers of neuronal injury may also be associated with more advanced cognitive
impairment.88-92 |n particular, neurofilament light protein (NFL) is elevated in untreated
HAND patients and declines with successful treatment. Tau may be elevated in HAD but not
ANI or MND patients although data remain inconsistent for this potential biomarker,91-94

Neuroimaging

Neuroimaging techniques are continuing to evolve and may have increased utility in the
diagnosis and management of HAND. At least three modalities of neuroimaging have been
used in the research setting: metabolic, structural, and functional. Many of these
neuroimaging techniques hold great promise as they can be easily added to conventional
scans that are often obtained of HIV+ patients.

Metabolic imaging using magnetic resonance spectroscopy has been performed both in the
pre and post CART eras.%>-%8 These studies measure metabolite ratios reflecting either
neuronal function (n-acetyl aspartate, NAA) or inflammation (choline or myoinositol)
compared to a reference marker (creatine, Cr). In the pre CART era decreases in NAA/Cr
and increases in Cho/Cr were seen with HIV.99 However, these measures may be
normalized after cCART administration.1%0 In addition, this technique may be limited as only
certain brain regions or voxels are studied. Other metabolic studies, such as positron
emission tomography (PET), have primarily been performed in the pre-cART era. A
biphasic response was observed with early increases followed by progressive declines with
more advanced cognitive impairment.19 Large studies using PET imaging in the post-cCART
era are needed. More recently, PET imaging using ligands specific for microglial activation
have been investigated in hopes of quantifying and localizing brain inflammation. 102-104

In regards to structural neuroimaging two techniques have been of particular interest:
volumetric analysis and diffusion tensor imaging. Structural neuroimaging has demonstrated
changes not only within subcortical areas but also cortical areas.195-108 These changes can
accrue early after seroconversion and continue to persist even after administration of
cART.109 Diffusion tensor imaging has been used to measure diffusion of water molecules
in white matter tracts, specifically within the corpus callosum, a white matter tract
connecting the two hemispheres. A decrease in mean diffusivity (MD) and an increase in
fractional anisotropy (FA) have typically been associated with HIV. These measures can
improve after starting cART110-113 and have considerable promise.
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More recently, functional neuroimaging measures have been employed using magnetic
resonance imaging (MRI) for blood oxygen level dependent imaging (BOLD) and arterial
spin labeling (ASL). For relatively simple functional tasks, increased recruitment of
additional areas may occur in HIV+ patients to meet cognitive demands.114 115 When
assessed at rest, functional connections between brain networks may be compromised in
HAND, in ways that are similar to aging.11® ASL allows for non-invasive measurement of
cerebral blood flow (CBF) which is a time linked measure of brain metabolism. A decrease
in CBF has been seen soon after seroconversion with HIV+ patients having CBF values
equivalent to HIV seronegative individuals 15-20 years older.117 Administration of CART
can lead to an improvement in CBF but CBF values do not completely normalize.117. 118
These results suggest that this technique may be a good measure to evaluate the efficacy of
new therapies. With the development of new methods, multi-center trials that use common
neuroimaging sequences are needed.

Antiretroviral therapy for HAND—Introduction of cART therapy has resulted in clear
benefits. As a result of immune reconstitution, opportunistic conditions have become rare,
and HAD now rarely develops. However, variability exists in the penetration and transport
of antiretroviral drugs across the blood brain barrier. This has led to serious concerns about
the brain serving as a nidus of infection that could smolder with partial control. In theory,
resistant virus could evolve in the central nervous system and re-seed the body. Clearing of
the virus from the central nervous system (CNS) will be required to achieve a cure for HIV.
The practical evidence of long term successful suppression of HIV in the CART era with
only rare CNS escape is reassuring that virtually all of the drug combinations serve to
control the virus in the CNS compartment. However, this theoretical risk along with
recognition of ongoing HAND has appropriately inspired intensive consideration and
monitoring of therapy. Indeed, one explanation for the continued prevalence of HAND is
that low level viremia in the CNS can continue, driving neurodegeneration either by toxic
inflammatory activation and/or toxic viral products such as the tat protein.

The concept of CNS penetration effectiveness (CPE) of drug regimens was formalized to
encourage study of the association of efficacy of antiretrovirals with their ability to enter and
function in the CNS. A ranking scale was constructed based on available information about
current antiretrovirals including the physicochemical properties, known CSF drug levels,
and effectiveness in clearing virus in CSF. Each drug in a regimen was given a score for
relative effectiveness, and the summed score for the regimen monitored. The model appears
to have validity supported by some observations that CSF viral loads are more likely to
remain controlled when the CPE is higher.11% However, the impact of CPE appears
inconsistent across studies, imperfectly linked to degree of cognitive impairment or survival
in treatment studies.31 52 120-122 A prospective test of the validity of the current concept of
CPE was recently reported.123 A randomized trial compared treatment of mild to moderate
HAND patients with participants randomly assigned to receive either higher or lower CPE
regimens that were otherwise expected to be active against the virus. Accrual was
challenging, and eventually the study was terminated short of study goals. However, with 49
evaluable patients randomized, no significant differences between high and low CPE
regimens were seen based on neuropsychometric performance. At this point, there seems no

Lancet Infect Dis. Author manuscript; available in PMC 2014 November 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Clifford and Ances

Page 10

reason to use this strategy to select cART routinely. However, continued research on
variable effectiveness of therapy should be performed. It is possible that as more
information is acquired about drug activity and distribution, ongoing revisions of CPE might
enhance its power. If viral breakthrough in CNS is discovered, viral drug sensitivity should
be tested and therapy should be changed to the most potent, tolerable and simple regimen
available for that viral isolate. CPE might also inform the relative possibility of drug
toxicity. While unproven, in vitro and some in vivo observations would be consistent with
chronic drug toxicity contributing to neurologic impairment.31 124,125

An alternative therapeutic strategy has emphasized that monocytes and macrophages appear
to be the primary cellular reservoir affecting the CNS, representing resident cells with
proliferative infection in untreated brain, and potentially harboring the virus in circulating
monocytes even during effective therapy.>6 When therapy was graded by effectiveness for
monocyte infection, cognitive outcomes appeared correlated with this index. Further
investigation of this strategy deserves consideration.>8: 126

The demonstration of ongoing viral breakthrough in some CSF samples, as well as
recognizing that very low levels of virus are detected in the CSF if ultrasensitive assays are
used, has also spurred consideration of treatment intensification regimens that include newer
classes of medications. CCR5 antagonists would be predicted to contribute uniquely to CNS
isolates, while integrase inhibitors deserve further evaluation for potency in the CNS. While
small intensification trials have been disappointing to date, larger multi-center trials could
better address this possibility.127- 128 Application of nanoparticles to augment delivery of
antiretrovirals to the brain is also under investigation, with the caveat that more effective
delivery might also increase intrinsic toxicity.129

Adjuvant Therapy for HAND

Recognizing that HIV in the brain is necessary but not sufficient for manifestations of
HAND, application of adjuvant therapies based on potential downstream pathologic
mechanisms has also been considered.130 Most of the hypotheses tested are derived from in
vitro or animal model results. To date, despite numerous Phase 2 human trials, none have
had demonstrated convincing evidence for significant activity when compared to control
treated subjects. A recent trial tested minocycline, which is thought to inhibit microglial
activation and have antioxidative and neuroprotective properties. In a simian
immunodeficiency virus model of encephalitis, minocycline reduced brain inflammatory
disease.131 No benefit in neurocognitive status or in disease markers could be seen in
antiretroviral treated32 or untreated32 populations with HAND. A current trial is
investigating fluconazole and a serotonin reuptake inhibitor(SSRI) based on animal models
of HAND and cohort data associated with SSRI.133 Use of drugs approved for Alzheimer's
disease has been considered. Memantine, an NMDA antagonist with neuroprotective
properties in vitro, failed to demonstrate neuroprotection or cognitive improvement, while a
recent small trial of an acetyl cholinesterase inhibitor appeared to provide slight
symptomatic improvement.134-137 valproic acid has been a drug of interest for HIV, most
recently as a histone deacetylase inhibitor that might be used as a tool for cellular activation
in a cure strategy. It has also been reported to have neuroprotective properties. A small study
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showed a trend towards cognitive improvement using neuropsychometric tests and
neuroimaging measures. However, this was not substantiated in another trial.138-140 At
present, anti-inflammatory strategies are the most often discussed adjuvant therapy for
HAND. Upcoming evaluations of low dose methotrexate, as well as large trials evaluating
statins may provide opportunities to probe the impact of inflammation on neurocognitive
function further.

Aging population

Research into special interactions between anticipated changes of aging and chronic HIV
infection have drawn attention, most prominently surrounding possible interactions of
immunosenesce. 141 The possibility that HIV neurocognitive impairment results from earlier
expression of degenerative brain disorders such as Alzheimer's disease (AD) driven by HIV
has been considered. While HAD in the pre-cART era was characteristic of subcortical
dementia unlike Alzheimer's disease, current clinical presentation of HAND can be similar
to Alzheimer's disease. Some reports support pathologic findings consistent with
Alzheimer's disease, but a fully consistent pathologic confirmation has not been
described.142: 143 Some reports suggest at least a partial overlap in CSF biomarkers for
Alzheimer's disease and HAND. However, differences in CSF biomarkers do exist between
the two neurodegenerative disorders.%* 144 145 Years before the onset of AD, changes in
amyloid metabolism in the brain are reflected by amyloid plaque deposition that can be
detected with amyloid with positron imaging markers. 146 Recently amyloid imaging scans
have also been performed in HIVV+ patient with no increases in amyloid deposition seen in
HAND patients.14 Further, a genetic predisposition for Alzheimer's disease has been
observed with the APOE &4 allele. Within the CHARTER study presence of at least one
APOE ¢4 allele was not associated with increased incidence of HAND.148 However, prior
studies have reported some impact of APOE4 generally in advanced disease or older
patients.148-153 Ongoing attention to interactions of HIV with aging processes, especially in
the brain, will continue to be an important focus of research as the HIV population ages.141

Conclusions

Neurological involvement during HIV infection remains an important aspect of the infection
requiring continued study. Both objective tests of neurological function and the witness of
patients confirm that cART, while immensely improving outcomes, has not accomplished
full functional protection of the nervous system. Because changes are now subtle, and in
general slowly changing, HAND remains challenging to study, but the importance of brain
function to independence and quality of life demand that ongoing efforts be directed to
optimize this aspect of care for HIV patients. It is almost certain that multiple mechanisms
contribute, and thus multiple therapeutic interventions will need to be rationally employed to
achieve success.
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Figure 1.
Characteristic magnetic resonance imaging findings of an HIV patient with HAND. A fluid

level attenuated inversion recovery (FLAIR) image was obtained and demonstrates
prominent white matter changes throughout the brain. These changes are typically seen only
in more advanced disease and relatively rare in the post combination antiretroviral therapy
(CART) era.
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Categories of HIV-Associated Neurocognitive Disorder (HAND), Frascati Criteria®

Asymptomatic Neurocognitive Impairment (ANI)
Mild Neurocognitive Disorder (MND)
HIV Associated Dementia (HAD)

Neurocognitive Status®

1 SD below mean, 2cognitive domains
1 SD below mean, 2cognitive domains

2 SD below mean, 2 cognitive domains

*
Functional Status
No Impairment in activities of daily living
Impairment in activities of daily living

Marked impairment in activities of daily living

Of note, for HAND diagnosis other etiology of dementia must be ruled out and confounding effect of substance use or psychiatric illness must be

considered.

Neurocognitive testing should include evaluating at least five domains including attention-information processing, language, abstraction-
executive, complex perceptual motor skills, memory (including learning and recall) simple motor skills or sensory perceptual skills. Appropriate
norms must be available to determine the number of domains in which performance is below 1 standard deviation (SD).

*
Functional status is typically evaluated by self report but may be corroborated by a collateral source. No agreed upon measures exist for HAND

criteria.
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