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Abstract 

Purpose of Review Neurocognitive disorders are not uncommon in HIV-positive patients but their 
pathogenesis is multifactorial and incompletely understood. After excluding contributing 
comorbidities, several factors may impair neurocognition including severe immune suppression, 
incomplete antiviral efficacy, persistent immune activation, vascular abnormalities and neurotoxicity 
of drugs. The effectiveness of targeted antiretroviral strategies on these risk factors is unknown. 

Recent findings Recent studies support the idea that residual cerebrospinal fluid HIV RNA in the 
setting of plasma viral suppression is associated with compartmental immune activation but the link 
to neuronal damage is debated. Some authors have reported an incomplete antiviral efficacy in 
macrophage-derived cells but targeted antiretroviral regimen switches have not been performed. 
Additionally, improvements in neurocognition using drugs with better central nervous system 
penetration or maraviroc (associated with favorable immunological properties) have been observed 
in pilot studies. Trials evaluating specific interventions for cardiovascular health (including brain 
white matter abnormalities) and neurotoxicity of antiretrovirals are warranted. 

Summary Central nervous system targeted antiretroviral strategies are needed in patients with 
uncontrolled cerebrospinal HIV replication and they may be suggested in subjects with low CD4 
nadir, individuals carrying drug-resistant viruses and those with compartmental immune activation.  

 

Keywords: HIV-associated neurocognitive disorders; cerebrospinal fluid; antiretrovirals; 
pharmacokinetics; pharmacodynamics; compartmentalization. 

 

 

 

 



Introduction 

Central Nervous System (CNS) manifestations in HIV-positive patients radically changed after the 

introduction of highly active antiretroviral treatment (HAART). In the current era, CNS opportunistic 

infections and HIV-associated dementia are mostly observed in late-presenting subjects with severe 

immune depression. Despite such favorable outcomes the health-adjusted life expectancy of people 

living with HIV is lower than their negative counterparts.(1) Besides an increasing incidence of 

cerebrovascular accidents, HIV-positive individuals often complain of neurocognitive impairment 

(NCI): the prevalence varies according to age, geographical setting and diagnostic methods. A recent 

study in five different centers in Europe found a prevalence of HIV-associated neurocognitive 

disorders (HAND) of 35%; the vast majority of the affected subjects (83%) did not show any 

impairment in everyday life thus falling in the asymptomatic HAND category (ANI).(2) 

The pathogenesis of such disturbances is unclear and a recent manuscript reviewed the controversies 

around this issue.(3) After excluding contributing factors such psychoactive drug use, mood disorders, 

education, HCV-coinfection and host genetic factors, some patient-related (age, cardiovascular risk 

factors, persistent inflammation), virus-related (persistent viral replication, microglia/perivascular 

macrophage infection, neurotoxicity or HIV proteins) and treatment-related (neurotoxicity) factors 

have been identified. Antiretroviral treatment may directly modify some of these factors (such as viral 

replication, certain cell type infection, drug neurotoxicity and, to a certain extent, immune activation), 

indirectly some others (such as cardiovascular risk profile) but has no effect on the toxicity of HIV 

proteins nor on the so called “legacy effect”.(4) The latter is the consequence of long term chronic 

HIV infection, where neuronal damage that was triggered before the initiation of HAART may not 

be completely reversible.(5)  

Relying on cerebrospinal fluid (CSF) biomarkers for assessing brain parenchyma further enhances 

the degree of uncertainty regarding HAND features and pathogenesis. While CSF is partially 

produced from brain interstitial fluid it also originates from plasma filtration: discrepancies between 



CSF and brain parenchyma HIV viral load as well as concentrations of drugs have been reported.(6) 

A recent observation in macaques highlighted phylogenetic distances (by Simian Immunodeficiency 

Virus env gene deep sequencing) between viruses collected in brain tissue and CSF.(7) 

Additionally the association among these surrogate markers is ambiguous. While lower immune 

activation markers have been found in subjects with ultrasensitive undetectable CSF HIV RNA, the 

correlation between either CSF viral load and neopterin (highlighting macrophage activation) with 

NCI is uncertain.(8)(9) 

 

Risk factors for CNS involvement and the role of antiretroviral treatment 

In order to define the specificity of CNS-targeted antiretroviral strategies, we will now briefly 

summarize data regarding the risk factors for CNS involvement in HIV-positive subjects as well 

as the role of antiretrovirals and the strategies that have shown some benefits. In Table 1 we also 

include the effect of low CD4 nadir, high HIV DNA (either in peripheral blood mononuclear cells, 

PBMCs, or in monocytes) and plasma HIV RNA. While these three factors have been consistently 

associated with HAND, only plasma viral control may be impacted through treatment changes and 

adherence support strategies. 

 

 

 

Variable 
Degree of 

association with 
HAND 

Degree of 
association with 

ARVs’ choice 

Other Relevant 
Factors 

Beneficial 
interventions 

Low CD4 nadir High - - None 

High HIV DNA Moderate Low Duration of viral 
suppression None 



Plasma HIV RNA High High Several Genotype-based, 
adherence 

CSF HIV RNA Moderate High Several Unclear 

Symptomatic CSF 
escape 

High (neurological 
symptoms) High 

Low nadir CD4, 
resistant-associated 

mutations 

Genotype-based, 
CNS-targeted 

Asymptomatic CSF 
escape Low Moderate Plasma HIV RNA Unclear 

Residual CSF HIV 
RNA Unclear Unclear Duration of viral 

suppression None 

Macrophage derived 
cells infection Low Moderate Viral tropism None 

Compartmental 
immune 
activation/inflammation 

Moderate Unclear Low nadir CD4 None 

Neurotoxicity Moderate High Host genetics Unclear 
Cardiovascular risk 
profile High Moderate Several None 

 

Table 1. Risk Factors (and the degree of association) for HIV-associate neurocognitive disorders and 
published beneficial interventions. “ARV”, antiretrovirals; “CSF”, cerebrospinal fluid. 

 

CSF HIV RNA is usually 1 Log10 lower than plasma HIV RNA; although its correlation to brain 

parenchyma viral replication is still uncertain, subjects affected by HIV-associated dementia often 

present higher CSF viral loads.(10) The CSF response to treatment usually parallels plasma viral load 

decay although compartmentalized viruses may show a different trajectory. Despite systemic control 

of HIV replication, the detection of CSF viral RNA varies according to the used methods: it is 

approximately 10% using commercially available kits and up to 60% using ultra-sensitive assays.(11) 

The exact clinical relevance of a detectable CSF HIV RNA under suppressive treatment is uncertain. 

In longitudinal studies it has been associated with compartmental immune activation with no case of 

overt neurological symptoms and no increase in CSF biomarkers of neuronal damage.(12)(13) The 

management of this condition is also debated: a single study reported no effect of an intensified 

HAART containing CSF penetrating or non-penetrating antiretrovirals.(14) The detection of 

resistance-associated mutations (RAMs) supports antiretroviral regimens’ incomplete antiviral 

efficacy and suggests a potential benefit of genotype-based treatment optimization. The presence of 



CSF RAMs is a feature reported in almost all cases of neurologically symptomatic escape: the clinical, 

radiological and virological response to optimized antiretroviral combinations supports the effect of 

adequate viral suppression in controlling this HIV-associated encephalitis.(15)(16) 

Since microglia and perivascular macrophages are myeloid lineage cells that can be infected by HIV, 

viral control in the CNS needs to be optimized to these specific cells: in vivo functional imaging 

techniques support the persistence of microglial cells activation despite HIV RNA undetectability in 

plasma and CSF.(17) In vitro data suggest that the antiviral effect in activated and resting 

macrophages may be different according to certain drugs.(18) The evidence supporting the 

association with this specific activity and neurocognition resides in a single unreplicated study.(19) 

However, incomplete efficacy in macrophage-derived cells may be extrapolated from an ex vivo 

study: higher rilpivirine and lopinavir concentrations in patients’ withdrawn CSF were associated 

with a higher antiviral effect in PBMCs, astrocytoma and glioblastoma-derived cells.(20) 

The effect of intrathecal immune activation on cognition is unclear. While several studies correlated 

CSF biomarkers (including soluble CD14 and CD163) or immune phenotypes (CD8 IFN gamma) 

with HAND, others found no association.(21) (22) Compartmentalized inflammation has however 

been linked to blood-brain barrier damage and the persistence of IgG production: the latter is not 

entirely specific to HIV and it has been shown to decline in patients treated during primary 

infections.(23) In this context maraviroc has a unique activity beyond its antiviral effect: it is 

associated with CCR5 blockade and with anti-inflammatory properties that are under evaluation in 

certain CNS inflammatory conditions.(24) In pilot studies maraviroc intensification has been 

associated with the improvement of brain magnetic resonance spectroscopy markers of neuronal 

integrity, and reductions in CSF inflammation (CXCL 10) and in activated CD16+ monocytes. The 

new CCR2/CCR5 antagonist cenicriviroc, still in development, has the potential to further reduce 

residual immune activation.(25) 



Direct or indirect toxicity of antiretrovirals has been suggested following several in vitro and in vivo 

pieces of evidence.(26) The largest experience is with efavirenz, which has been linked to 

neuropsychological and sleep disturbances: these symptoms are affected by plasma concentrations 

and patients’ genetic variation in drug metabolizing enzymes. Three studies reported lower 

neurocognitive performance associated with efavirenz use and the drug is now avoided in patients 

with psychiatric comorbidities (for the risk of suicidality) and with HAND. As for the other drugs, 

several mechanisms have been proposed including interference with amyloid metabolism, reactive 

oxygen species production and mitochondrial dysfunction: almost all drugs had some degree of in 

vitro neuronal toxicity, but some were relatively less harmful (tenofovir, emtricitabine, darunavir and 

maraviroc).(27) Indirect toxicity may link certain ARVs to vascular abnormalities such as cerebral 

small vessel disease. An autopsy study reported vascular wall abnormalities in 72.2% of decedents 

studies. This finding was associated with protease inhibitor use and with a history of HAND during 

life.(28) This piece of evidence along with reports of lower cognition in patients with traditional 

cardiovascular risk factors and with vascular white matter abnormalities (on brain magnetic resonance 

imaging) highlights the relevance of this issue.(29) The effect of risk factor control on cognition in 

HIV-positive patients with HAND is currently unknown and needs to be assessed: nevertheless it is 

plausible that improving vascular health may be beneficial. 

 

CNS-targeted antiretrovirals: what to choose? 

Attempts to target treatment of the CNS in HIV-positive individuals may theoretically consider all 

the above-mentioned risk factors. The large majority of the studies included the use of the CNS 

penetration/effectiveness score (CPE) developed and validated from the CHARTER study group in 

the United States. The CPE ranks ARVs according to their properties, CSF penetration and, in a few 

cases, antiretroviral activity: the score of an antiretroviral regimen is calculated by adding the values 

of individual drugs. (30) Higher CPE score regimens have been associated with lower CSF HIV RNA 



while the association with asymptomatic CSF escape and with neurocognition is less certain. The 

explanation for the latter potentially lies in the multifactorial pathogenesis of HAND as well as in the 

presence of potentially irreversible damage (either from severe immune depression or from vascular 

abnormalities). Interestingly, in patients with persistently undetectable CSF HIV RNA a better mood 

over time was observed, potentially linking depression with residual viral replication and 

inflammation.(31) A well designed randomized clinical trial of CNS-targeted HAART in patients 

with HAND was prematurely interrupted for slow accrual and imbalance among study arms. In 

patients with plasma HIV RNA <50 copies/mL the use of a CNS-targeted treatment was associated 

with an improvement in global cognition (with very small sample size, 7 vs. 6 participants).(32) 

Importantly, patients in the CNS-targeted arm were receiving more “complex” regimens and showed 

worse control of plasma HIV replication.(32) 

Other longitudinal studies supported a trend to better cognition over time if patients were treated with 

regimens with lower CPE scores (along with the decrease in CD4+/CD8+ T lymphocyte ratio in one 

of them). (33)(34) Another interesting but still unpublished single-arm study described the effect of 

increasing the CPE in 31 patients with HAND: new combinations with higher CPE score [≥3 points 

(and total CPE ≥9) were associated with improved cognition (in 51% of the included subjects) and 

mood.(35) 

Two other “rankings” have been tested in cross sectional studies. The first measured CSF 

concentrations in patients and compared those values to 95% inhibitory concentrations: subjects with 

higher ratios (95% inhibitory quotients) had a lower risk of CSF escape with controlled plasma HIV 

RNA.(36) The second one reflects the differential activity (and intracellular concentrations) ARVs 

reach in resident macrophages: it has been shown that some drugs have a limited entry or activity in 

such cells, while others (such as NRTIs) may be more active given the lower natural nucleotides’ 

intracellular pool.(37) A single study found out that drugs with higher monocyte efficacy score were 

associated with better cognition.(19) 



Three studies reported potential concern of neurotoxicity: two of them were conducted in naïve 

patients randomized to different regimens. The first showed poorer cognition and worse spectroscopic 

markers of neuronal integrity after three years of treatment (with 10/22 patients receiving 

efavirenz).(38) The second randomized and controlled trial (comparing 

tenofovir/emtricitabine/efavirenz to zidovudine/lamivudine plus nevirapine) reported worse 

cognition in the efavirenz arm (119 patients) after 2 years of treatment.(39) This was observed after 

an initial improvement in cognition that follows the inhibition of viral replication and fits in the model 

of neurotoxicity proposed by Underwood and colleagues.(40) The third study measured 

neurocognitive performance in patients stopping their antiretroviral regimens: surprisingly, cognition 

improved in all subjects (although more in those interrupting efavirenz-based regimens).(41) 

In Table 2 we review the rankings of commercially available drugs (with the exception of tenofovir 

alafenamide, lacking substantial data). Some drugs are not included in the scores because they have 

not been updated; nevertheless recent data may suggest a high CPE score and 95% inhibitory quotient 

for dolutegravir and moderate/high values for elvitegravir and rilpivirine.(42) The macrophage 

activity score has not been published for newer drugs, but several data point out a similar (or even 

greater) in vitro antiviral activity of integrase strand transfer inhibitors in macrophages (as compared 

to lymphocytes).(43) As for neurotoxicity, most of the data are derived from in vitro assessments 

(with the exception of efavirenz-associated toxicity); data on dolutegravir are conflicting. Two yet 

unpublished studies reported different findings: one observed neurite growth, while the other no effect 

of dolutegravir on in vitro cultures of rat neurons.(44)(45) There is also a relevant debate on 

dolutegravir neuropsychological effects: some but not all cohorts reported an increase in 

discontinuation due to sleep disturbances and mood changes.(46)(47) These effects seem to be mild 

and reversible and their clinical relevance and risk factors (female gender, older age and abacavir 

coadministration) need to be fully understood. 



Table 2 also shows that the selection of the best CNS-targeting drug may be challenging: no 

guideline-recommended compound is at the same time effective in the CNS/CSF, active on 

macrophage-derived cells, lacking in vitro or in vivo neurotoxicity and neutral/beneficial on patients’ 

cardiovascular risk. Maraviroc has been used as an intensification strategy in a pilot study: a 

significant improvement in cognition was observed in 9 patients when compared to 5 subjects with 

standard antiretroviral treatment.(48) 

  
 

CPE 
score 

95% Inhibitory 
Quotients 

Monocyte 
efficacy score 

in vitro 
neurotoxicity 

Cardiovascular 
risk 

N
RT

Is
 

Abacavir 3 na 3 + ++ 
Emtricitabine 3 na 12.5 - 0 
Lamivudine 2 na 50 + 0 
Tenofovir DF 1 na 50 0 - 
Zidovudine 4 na 50 + 0 

N
N

RT
Is

 Nevirapine 4 na 20 + 0 
Efavirenz 3 6.4 100 ++ 0 
Etravirine 2 5.1 na + 0 
Rilpivirine na na na + 0 

PI
s 

Atazanavir 2 0.4 na + - 
Atazanavir/r 2 2.8 na + - 
Darunavir/r 3 8.2-18.5 na 0 + 
Lopinavir/r 3 1.5 na + ++ 

IN
ST

Is
 Raltegravir 3 0.7 na + - 

Elvitegravir/r na na na + 0 

Dolutegravir na na na ? 0 

EI
s Maraviroc 3 na na - 0 

Enfuvirtide 1 na 50 na 0 
 

Table 2. The ranking of commonly prescribed antiretroviral drugs as for Concentration 
Penetration/Effectiveness  (CPE) scores, 95% inhibitory quotients, monocyte efficacy scores, in 
vitro neurotoxicity and impact on cardiovascular risk. “NRTIs”, nucleoside reverse transcriptase 
inhibitors; “NNRTIs”, non-nucleoside reverse transcriptase inhibitors; “PIs”, protease inhibitors; 
“INSTIs”, integrase strand transfer inhibitors; “EIs”, entry inhibitors. “na”, not available. “/r”, 
boosted by ritonavir. 

 

CNS-targeted antiretrovirals: when to consider their use? 



After acknowledging the relevance of systemic HIV RNA suppression, there are some conditions 

where CNS-targeted antiretrovirals may be recommended. Unfortunately the evidence is inconclusive 

for most of the clinical scenarios. 

In patients presenting with HIV-associated dementia or symptomatic CSF escape there is enough 

evidence to suggest the use of drugs with high CPE score. In the two published series of subjects with 

progressive neurological symptoms due to HIV escape, HAART optimization (using CPE scores and 

genotype resistance testing) was associated with clinical, radiological and virological 

improvements.(15)(16) In patients with asymptomatic CSF escape or residual CSF replication there 

is no evidence of beneficial interventions. Nevertheless, the finding of a higher prevalence of CSF 

escape in patients with recent low level plasma viremia supports the need for optimizing antiretroviral 

treatments and patient adherence to medications.(49) 

There is no definitive recommendation in patients with HAND with undetectable plasma and CSF 

HIV RNA. Some longitudinal data seem to point out that higher CPE may be beneficial in improving 

cognition in the setting of optimal viral control: the supporting evidence is however insufficient for 

generating clear statements. CSF viral compartmentalization would be another case in which 

targeting the CNS compartment may be beneficial: however this definition relies upon the use of 

advanced virological techniques (including sequencing of env or other viral genes) and specific 

treatments have not been evaluated.(50) The available pieces of evidence may however suggest 

several interventions that need to be evaluated in prospective studies: we will now discuss them as if 

occurring in patients with HAND who have controlled viral replication in both compartments. 

a. CD4+ T lymphocytes nadir <200/uL: 

Late presenters have a higher risk of developing CNS-affecting conditions including HAND. In 

these patients less drug regimens (HAART combinations with 2 or fewer antiretroviral drugs) have 

been associated with incomplete antiviral response, viral rebound and HIV-associated encephalitis; 



the latter event has been reported primarily in individuals simplified to protease inhibitor 

monotherapy.(51) Although the evidence is limited, using three drug regimens and including at least 

one drug with high CPE score is what we do in our patients. 

b. Being infected with HIV carrying resistance-associated mutations: 

Inhibitory quotients are lower in the CSF given the scarce amount of drug reaching the 

compartment: resistance associated mutations may therefore be more relevant for intrathecal HIV 

replication. An interesting study corrected the CPE score with the global sensitivity score (GSS, a 

measure of activity of every drug in the regimen): this correction improved the association between 

neuropenetration/efficacy and cognition.(52) We usually include two fully active drugs in these 

patients’ antiretroviral regimens. 

c. Previous HIV-associated dementia or symptomatic CSF escape 

These conditions are usually associated with long durations of untreated HIV infection, severe 

immune depression and the potential for relapsing over time. In a cohort of HIV-positive patients 

cared for privately in India the prevalence of symptomatic CSF escape approximated 1%.  Patients 

had low CD4+ nadir, CNS-affecting conditions at baseline and were treated with suboptimal 

antiretroviral regimens (with a very high prevalence of resistance associated mutations after 

virological failures).(53) We usually maintain three drugs with high CPE scores in patients with 

such worrisome previous conditions. 

d. On efavirenz-containing regimens: 

The evidence linking efavirenz to neurocognition is significant; we usually prefer not to use the 

drug in patients with HAND.(54) The use of less “neurotoxic” regimens needs to be studies and a 

pilot clinical trial is ongoing (NCT03163277). 

e. High CSF neopterin: 



This biomarker is produced by activated macrophages and, after an initial decline in response to 

initiation of HAART, remains elevated in the CSF in a proportion HIV-positive patients (55% in a 

recent report including patients with undetectable HIV RNA since 10 or more years).(55) In subjects 

with elevated CSF neopterin despite viral control, immune modulating strategies may be 

considered: maraviroc intensification (limited evidence) or its inclusion in the regimen (yet to be 

studied, neutral results have been reported with a three drug regimen containing maraviroc in HIV-

positive naïve patients) warrant further studies in these individuals. 

f. High cardiovascular risk with or without white matter abnormalities: 

Age and a high cardiovascular risk have been associated with HAND and with T2 hyperintense 

abnormalities in brain white matter (WMA). The latter is a well known condition in geriatric 

medicine and it has recently been associated with cognition and incomplete CSF viral control in 

people living with HIV.(56) In HIV-negative individuals strict control of cardiovascular factors 

(blood pressure, LDL cholesterol and fasting glucose) is suggested although the reversibility of such 

a condition is unknown. In our patients with WMA we try to reduce cardiovascular risk by 

promoting healthy lifestyle (diet, exercise, smoking cessation), reducing LDL cholesterol and 

including cardiovascular neutral antiretroviral drugs. 

 

Conclusions 

Standard HAART regimens are highly effective in HIV-positive patients and their beneficial effects 

on the central nervous system are outstanding. In those patients with neurocognitive deficits several 

factors need to be taken into account when contributing comorbidities have been excluded. In patients 

with HAND we usually reinforce adherence to medications, we optimize HAART according to 

historical genotype resistance testing, we replace efavirenz and we reduce cardiovascular risk as much 

as possible (by controlling risk factors and by using neutral drugs). In patients with low nadir CD4+ 



count, previous HIV-associated dementia or symptomatic CSF escape we suggest to use fully active 

drugs and to include at least one compound with high CPE score. In subjects with persistent 

compartmental immune activation, maraviroc-containing regimens and novel strategies need to be 

studied. 
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