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Abstract The pace of therapeutic developments in HIV pre-
sents unique challenges to the neurologist caring for patients.
Combination antiretroviral therapy (cART) is remarkably ef-
fective in suppressing viral replication, preventing, and often
even reversing disease progression. Still, not every patient
benefits from cART for a variety of reasons, ranging from
the cost of therapy and the burden of lifelong daily treatment
to side effects and inadequate access to medical care.
Treatment failure inevitably leads to disease progression and
opportunistic complications. Many of these complications,
even those that are treatable, produce permanent neurological
disability. With ART, immune recovery itself may paradoxi-
cally lead to severe neurological disease; strategies for man-
aging so-called immune reconstitution inflammatory syn-
drome are beginning to show benefits. Effective cART may
nevertheless leave in its wake persistent neurocognitive im-
pairment. Treatments for persistent impairment despite viro-
logic suppression and good immune recovery are being tested
but are not yet proven. As we shall see, these treatments target
several proposed mechanisms including cerebral small vessel
disease, which is highly prevalent in HIV. Most recently, an
ambitious initiative has been undertaken to develop interven-
tions to eradicate HIV. This will require elimination of all
infectious forms of viral nucleic acid throughout the body.
The influence of these interventions on the brain remains to
be characterized. Meanwhile, clinical investigators continue
to develop antiretroviral treatments that optimize effective-
ness, convenience, and tolerability, while minimizing long-
term toxicities.

Keywords HIV . Immune reconstitution inflammatory
syndrome .AIDS . eradication . cerebral small vesseldisease .

antiretroviral . reservoir

Introduction

Promising new basic science developments come to bear rap-
idly on clinical decision-making in HIV neurology. But the
pace of these developments makes it difficult for a single
paper to review them thoroughly. Fortunately, numerous re-
views of key areas have been undertaken, many of them pub-
lished in publicly available venues. This will be a selective
review of some of the more important developments. We will
focus on recent therapeutic developments in HIV diseases of
the central nervous system, leaving peripheral nerve disease to
other settings. For the reader interested in a more comprehen-
sive treatment of individual topics, citations are provided.

By way of introduction, readers are reminded of key termi-
nology and concepts in the field. First, HIV is a retrovirus,
with a life cycle and pathophysiology very different from that
of viruses classically considered by neurologists interested in
virology, such as the herpesviruses. For example, where some
herpesviruses maintain latency as viral DNA separate from the
host nuclear genome, HIV literally writes itself into the host
genome through reverse transcription and integration into cel-
lular DNA. Despites its remarkable successes, combination
antiretroviral therapy (cART) has no access to this integrated
proviral DNA. Second, from the standpoint of diagnosis and
therapeutics, while in the past most neurological attention has
been propelled by the severe and complex opportunistic con-
ditions that occur in advanced HIV disease, such as progres-
sive multifocal leukoencephalopathy, the research magnifying
glass has in the last decade moved its focus from late to early
disease because of effective cART. One of the primary
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motivating factors here is the possibility that neurologic dis-
ease, both primary and opportunistic, can be prevented by
early treatment initiation. In addition, however, it is believed
that early infection may present the best opportunity to limit
the extensive seeding of proviral DNA in tissue reservoirs.

HIV Reservoirs and the Cure Agenda

Antiretroviral therapy (ART) suppresses viral replication in
most HIV-infected individuals and drastically reduces morbid-
ity and mortality [39]. But a true cure for HIV infection would
eliminate the need for antiretroviral therapy [47]. The benefits
for individual patients with HIV would be obvious. But per-
haps even more important, from a public health perspective, a
true cure applied at the population level would also eliminate
new infections by blocking transmission.

The principal barrier to cure is the HIV reservoir, which
comprises fully replication competent (infectious) copies of
retroviral DNA persisting in multiple sites throughout the
body [9, 10, 26], including the brain. Because ART does not
eradicate cells harboring HIV DNA [48], plasma viremia gen-
erally rebounds quickly after treatment is interrupted [28]. The
HIV reservoir is established very early—within the first days
to weeks of infection [2, 40, 46]. Even if the brain is only a
minor tissue reservoir site, cure strategies must address it, as
any reservoir can serve to re-establish systemic infection.

HIV reservoir size is important because it predicts how
quickly virus will rebound after interruption of cART. Proof
of concept that reservoir size can be reduced is found in stud-
ies of early treatment initiation [27, 36]. While methods for
measuring the size of HIV reservoirs in some sites have been
developed, these methods are not technically feasible for brain
tissue. The same cellular mechanisms that permit each cell’s
genetic information to be expressed or repressed also act on
HIV retroviral DNA. Thus, interventions that attempt to ma-
nipulate HIV DNA are very likely to affect cellular DNA as
well. Such interventions are actively being developed, but
their impact on the brain is unknown.

Combination ARTand Treatment of HIV-Associated
Neurocognitive Disorders

Combination ART has yielded enormous benefits for HIV-
associated neurocognitive disorders (HAND), as it has for sys-
temic HIV disease [43], though, as we shall see, there are sev-
eral important caveats and special situations. As with all neuro-
logical syndromes, neurocognitive impairment in HIV deserves
a diagnostic evaluation before treatment is initiated. Not all
neurocognitive impairment in a patient with HIV is caused by
HIV, and cARTwill not benefit impairment that is pre-existing
or due to comorbid conditions. In one large multicenter study,

more than a third of impaired individuals had confounding
comorbidities other than HIV judged of sufficient cumulative
severity to explain their cognitive impairment [25].

To understand the impact of cART on HAND, some key
general principles of antiretroviral therapy must be appreciated.
First, specific antiretroviral drugs from specific classes must be
combined in ways that limit the emergence of drug resistance.
New antiretroviral medications and drug classes are introduced
to the armamentarium regularly. These new drugs are intro-
duced, in part, to overcome limitations of tolerability, conve-
nience, and side effects of older drugs. Also, new drug classes
permit practitioners to circumvent antiretroviral resistance ac-
quired during historical past treatment. The recommended
combinations change regularly, but up-to-date recommenda-
tions are made publicly available through a variety of venues.

Despite the rapid evolution of cART regimens, one consis-
tent finding is that the patient’s first treatment regimen typi-
cally yields the most substantial neurocognitive improvement
[35]. Subsequent changes to cART regimens, typically made
to accommodate virologic failure, antiretroviral drug resis-
tance, side effects, or to reduce regimen complexity, have a
lesser impact. The largest neurocognitive benefit of cART is
typically seen in the first 6–12 months after initiation [14],
though smaller improvements may continue thereafter.
Subsequent virologic failure is accompanied by an elevated
risk of neurocognitive decline.

Two issues that have generated a great deal of scientific
attention are the central nervous system (CNS) penetration
of antiretroviral drugs and their efficacy in macrophages [34,
44]. Effectively getting antiretrovirals to the cerebrospinal flu-
id (CSF) can be difficult for several reasons. There are multi-
ple barriers, including molecular pumps such as p-
glycoprotein and organic anion transporters that actively
transfer protease inhibitors out of the brain extracellular fluid
back into the systemic circulation. A randomized, multicenter,
controlled trial comparing cART regimens with high versus
low expected CNS penetration efficacy in individuals with
HAND was performed [19]. Neurocognitive performance im-
proved similarly in both treatment arms. However, the study
was not fully powered to determine if there is a role for
switching to CNS-targeted therapy.

Inhibition of HIV in infected macrophages requires higher
antiretroviral drug concentrations than lymphocytes. Since
macrophages are the primary cellular targets of HIV in the
brain, inadequate control of HIV in these cells may be needed
to treat HAND [4]. Because excellent reviews of CNS pene-
tration and macrophage efficacy recently been published [15,
32, 50], no further consideration of them will be given here.

CSF Viral Escape

At centers where lumbar punctures are performed, dispropor-
tionate elevations in CSF viral load are seen regularly. This
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may be a detectable CSF viral load with undetectable plasma
in a patient on stable cART, or a CSF viral load that is 5 to 10-
fold higher than plasma. Patients with CSF viral escape can be
symptomatic [8] or asymptomatic [17]. Reported symptoms
are nonspecific and include headache, neck stiffness, confu-
sion, and incoordination. Neurologic examination findings al-
so are variable and include meningismus, encephalopathy, and
ataxia. When carefully looked for in large cohorts undergoing
regular lumbar punctures, CSF escape may occur in as many
as 10 % of patients at some point during follow-up. In these
studies, where lumbar punctures are being done for research
rather than clinical purposes, the overwhelming majority of
cases of virologically defined CSF escape are intermittent (not
sustained) and clinically asymptomatic. Thus, at centers where
lumbar punctures are not routinely performed, most CSF viral
escape events will be missed.

Neuroprotective Strategies

For many years clinicians have been interested in discovering
whether neuroprotective strategies might benefit cognitive
function in HIV. At least a dozen agents with varying mech-
anisms have been evaluated, such as memantine, nimodipine,
and selegiline. Excellent reviews of these studies have been
published (e.g., [1, 32]). At this time, no specific treatment is
supported by large, high-quality, multicenter, randomized
clinical trials. Future directions may include looking at
CCR5 antagonists and integrase inhibitors, as well as the use
of nanoparticles to more effectively deliver drugs to the brain.
As discussed in the following, several emerging therapies tar-
get the possible contribution of cerebral small vessel disease
(CSVD) to HAND. Future work in neuroprotection must be
careful to consider possible neurologic toxicities as well as
benefits [11].

Immune Reconstitution Inflammatory Syndrome
in the CNS

Introduction to Immune Reconstitution Inflammatory
Syndrome

The paradox of immune reconstitution inflammatory syn-
drome (IRIS) is the patient who gets worse even while his or
her immune system is recovering. IRIS represents an abnor-
mally exuberant response of the recovering immune system to
residual antigens of opportunistic pathogens, both dead and
alive. IRIS can occur in virtually any organ, but may be par-
ticularly devastating when it occurs in the brain. Prompt rec-
ognition of IRIS requires a high index of suspicion. As
discussed below, treatment involves eradicating the inciting
pathogen and managing the immune response to prevent irre-
versible neural injury. IRIS is not unique to HIV. For example,

neurologists involved in the care of patients with multiple
sclerosis recognize the potential for serious neurological dete-
rioration with immune recovery after disease modifying ther-
apies are withdrawn [38]. Similar but more profound immune
recovery occurs when powerful combination ART is given to
very immune-deficient HIV-positive hosts.

Who is Vulnerable to IRIS?

The best predictors of developing IRIS are a very low CD4
cell count nadir, presence of an opportunistic infection, and a
rapid rate of immune recovery, which may be indirectly relat-
ed to the drop in viral load. There may be a genetic contribu-
tion to risk for IRIS. Some studies show that patients with
IRIS have greater number of activated effector memory
CD4+ T cells expressing high levels of interferon-γ and pro-
grammed cell death protein 1, suggesting that they are primed
for an immune response [3, 24, 49].

IRIS Subtypes

IRIS is often subdivided into 2 categories: simultaneous and
unmasked. These are defined in terms of whether the pathogen
eliciting the immune response had been identified prior to the
neurological worsening. Simultaneous IRIS occurs in patients
previously treated for an opportunistic infection who experi-
ence paradoxical relapse or worsening of signs and symptoms
after initiating combination antiretroviral therapy. In
unmasked IRIS (also known as delayed IRIS), patients not
previously recognized to have a CNS opportunistic infection
(perhaps due to a lack of immunocompetence), experience de
novo neurologic deterioration in the context of immune recov-
ery on combination ART.

Pathogens Associated with IRIS

Common opportunistic infections associated with IRIS are
Cryptococcus, Mycobacterium tuberculosis (MTB), and JC
virus [41]. IRIS is rare in the setting of cerebral toxoplasmosis
and primary CNS lymphoma [32]. At times the clinical picture
may suggest CNS IRIS (i.e., focal neurological deterioration
in a patient with immune recovery on ART), but no specific
pathogen can be identified. In these infrequent cases, IRIS
may be attributed to HIV itself. In resource-limited settings,
MTB is a particularly important cause of IRIS. MTB IRIS can
present later than IRIS with other organisms, often 5 to
10 months after restarting combination antiretroviral therapy.
It should always be considered in the patient with clinical
deterioration and radiological features such as meningeal en-
hancement or communicating hydrocephalus after starting
combination antiretroviral therapy [13]. Cryptococcal IRIS
represents an estimated 10 % to 30 % of all cases of CNS
IRIS. It has been reported as soon as 14 days after starting
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combination antiretroviral therapy. It should be considered
when there is sterile inflammation of CSF and no yeast found
from culture [6, 22].

Timing of ART Versus Antifungal Therapy Initiation
in Cryptococcal Meningitis

A recent controlled trial found that 26-week mortality in new-
ly diagnosed cryptococcal meningitis was higher in patients
who started combination ARTearlier (1–2 weeks) versus later
(5 weeks) [7]. This was especially true for those with a paucity
of white blood cells in their CSF (<5/mm3), though the rate of
clinically diagnosed IRIS did not differ between those with
and without pleocytosis.

Treatment of IRIS

Specific treatment of IRIS is often not needed as spontaneous
improvement may occur when the overexuberant immune re-
sponse gradually abates. However, in a patient who is rapidly
clinically deteriorating with no other apparent cause, steroids
may be given [31, 37]. A common regimen uses 1 g methyl-
prednisolone sodium succinate for 5 days, then a 4- to 6-week
taper of oral prednisone. The taper is important because the
inflammation of immune reconstitution inflammatory syn-
drome can rebound if steroids are abruptly withdrawn.

CSVD in HIV

Neuropathologic Evidence that CSVD is Common in HIV

In a study of postmortem brains, CSVDwas frequent, affecting
more than half of those with HIV [45]. CSVD was defined as
concentric intramural hyalinization of small arteries or arteri-
oles in white matter. It was frequent even in those who died
with virologic suppression on cART. Patients with CSVD at
postmortem also were more likely to be neurocognitively im-
paired during life than those without CSVD. Other antemortem
predictors of more frequent and severe CSVD were diabetes
mellitus, older age, and exposure to HIV protease inhibitors.

These data are consistent with the view that CSVD contrib-
utes to brain injury and HAND. Interventions designed to
limit CSVDmight benefit neurocognitive function during life.
However, to make this possible we must have reliable surro-
gate markers to identify CSVD during life. This might be
possible using noninvasive blood flowmeasures such as func-
tional magnetic resonance imaging and transcranial Doppler,
or biomarkers of vascular damage in CSF. An alternative ap-
proach is to treat based on risk factor profile. But, as we dis-
cuss below, reliable predictors of CSVD in HIV are not yet
known, and cannot be simply generalized from predictors in
HIV-uninfected individuals.

Mechanisms of CSVD

The high prevalence of CSVD in HIV likely results from a
combination of persistent inflammation and a propensity to
develop the metabolic syndrome (MetS), a combination of
abdominal obesity, hypertension, dyslipidemia, and insulin
resistance. MetS is highly prevalent in virologically sup-
pressed HIV-seropositive individuals on cART. For example,
in a study of > 2500 HIV-positive individuals initiating their
first cART regimen, 20% already hadMetS, and an additional
27 % developed MetS during 3 years of follow-up [33]. MetS
was most common with protease inhibitor-based cART regi-
mens but occurred frequently with other regimens as well.

Systemic inflammation (elevated plasmaC-reactive protein
and interleukin-6) and immune activation (elevated sCD163
and sCD14) are hallmarks of chronic HIV infection, even
when viral replication is well controlled with cART [16, 23,
29, 42]. Both are expected to upregulate inflammation and
activation of microglia in the CNS. Insulin resistance (IR), a
component of theMetS, is a frequent consequence of systemic
inflammation [20]. IR is especially important in the brain,
since normal insulin action is necessary for repairing neuronal
injury, promoting neurite outgrowth, and regulating substrate/
energy metabolism [12]. IR is linked to CSVD through endo-
thelial dysfunction [30], which reduces cerebral blood flow,
limiting delivery of oxygen and energy substrates, [51, 52].
Thus, reducing inflammation and IR will be important in
protecting and restoring neuronal health in the CNS.

Treatments for CSVD in HIV

If CSVD contributes significantly to HAND in virally sup-
pressed patients as suggested by some reports [21], then elim-
inating the underlying causes of CSVD might benefit HAND.
CSVD also occurs in HIV uninfected individuals, and a ratio-
nal approach used here is to control risk factors such as dia-
betes mellitus, hypertension, and dyslipidemia. While such an
approach is also prudent in HIV, its effectiveness has not been
tested. Factors unique to HIV such as persistent immune acti-
vation, inflammation, and small vessel toxicities of antiretro-
viral drugs might need to be targeted specifically to improve
CSVD in HIV. Two potential treatment strategies are being
tested in randomized clinical trials: pitavastatin and
tesamorelin. Statins are good candidates for CSVD in HIV
not only because of their lipid lowering effects, but also be-
cause they have anti-inflammatory properties, improve endo-
thelial function and increase nitric oxide bioavailability.
Statins enhance dynamic blood flow in cerebral small vessels,
potentially benefiting cognitive function. Statins have not yet
been tested for efficacy in HAND.

Tesamorelin is already approved to treat abdominal obesity
related to antiretroviral therapy. The relevant mechanism here
is normalization of growth hormone production. But
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tesamorelin also stimulates increased production of insulin-
like growth factor, which is neurotrophic in vitro and in vivo
in animal models. In fact, tesamorelin has been used to treat
neurocognitive impairment outside of HIV. Thus, Baker et al.
administered tesamorelin or placebo subcutaneously in a ran-
domized fashion for 20 weeks to 137 HIV-uninfected older
adults. Tesamorelin was statistically significantly superior to
placebo both globally and on measures of improvement in
executive function in both subgroups [5]. A randomized trial
of tesamorelin for HAND is currently underway [18].

Required Author Forms Disclosure forms provided by the authors are
available with the online version of this article.
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