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Pros and Cos of antiretroviral  
treatment on CNS 

Ignacio Pérez Valero 
Hospital U. La Paz 

 



Does antiretroviral therapy have a role on CNS? 



ART prevents neurocognitive decline 

Risk factors associated with neurocognitive decline 

Predictors of NC decline Relative Risk CI p-value 
Lower CD4 1.1 (1.02, 1.21) .017 

Comorbidities 2.4 (1.4, 4.0) .0015 

Off ART 1.6 (1.1, 2.5) .025 

Heaton RK et al. Clin Infect Dis 2015;60(3):473-80. 



But there is something more than HIV 
suppression 

Heaton RK et al. Clin Infect Dis 2015;60(3):473-80. 
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To be detectable all the time is associated with NC decline 
Blips seem to have no impact in NC evolution  



Why is difficult to stablish the role of  
antiretroviral therapy on CNS?  



ART is not enough to stop all HIV-related neurotoxicity 

Virus  
driven 

dysfunction 

Kaul M, et al. Nature 2001; 410: 988-994. 



Kaul M, et al. Nature 2001; 410: 988-994. 

Inflammatory factor 
driven neurotoxicity 

ART is not enough to stop all HIV-related neurotoxicity 



Desplats P et al. Neurology 2013;80(15):1415-23. 

Intensity of CNS disease is not always the same 



CNS comorbidities are not always the same 

Adapted by Pérez-Valero I from Antinori  A, et al. Neurology 2007, 69: 1789-1799. 



And neurocognitive testing is inaccurate 

Cherner M et al. J Neurovirol 2007;12:23-8. 



“Having an extreme urge to void exerted a large negative effect on 
attentional and working memory functions (d>0.8). These cognitive 

functions returned to normal levels after micturition” 



Do we need to use ART with  
high CNS penetration? 



CPE demonstrated to control CSF replication 

1 2 3 4 

TDF 
DDC 

3TC 
DDI 
D4T 

ABC 
FTC ZDV 

ETV EFV NVP 
SQV/r 
TPV/r 
NFV 

ATV/r 
ATV 
FPV 

DRV/r 
FPV/r 
LPV/r 

IDV/r 

T20 MVC 
RAL 

CPE Score 2010 Validation 

Personal Slide Courtesy of S. Letendre  



But it is unclear its role over NP function 

Ellis et al. Clin Infect Dis 2014;58(7):1015-22.  



Probably because only few patients need it 

• 11 patients with new neurological 
symptoms and CSF HIV Escape* 
during ART 

• Drug resistance mutations in CSF in 
7 of 8 

• ART modified  
• Drug resistance testing and 

estimated drug CNS distribution 
• All patients clinically improved with 

reduction of HIV RNA in CSF * Defined as CSF RNA > 50 c/mL when 
plasma HIV RNA < 50 c/mL or CSF 
RNA > 1.0 log10 c/mL greater than 
plasma HIV RNA  

Canestri et al, Clin Infect Dis 2010, 50: 773–778 



Current regimens have enough CNS penetration 

And it is not associated with NP decline 
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Perez Valero I et al. CROI 2013. Abstract 119 



May be antiretroviral therapy a  
problem for CNS functioning? 



All antiretroviral drugs may be neurotoxic 

Neuronal integrity 
Neuronal damage 
Produced by ATV 

Neuronal damage 
Produced by EFV 

CNS toxicity impairs normal functioning of the brain  

Liner et al. CROI 2010. Abst 435. 



In-vitro neurotoxicity is different by ART regimens 

Adapted from: Robertson K et al. J Neurovirol 2012;18:388–399 
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In-vitro neurotoxicity is associated to drug levels 

Robertson K et al. J Neurovirol 2012;18(5):388-99. 



In-vivo, neurotoxicity is also related to drug 
levels? 

101 Japanese HIV-infected patients taking DTG (2014-2016) 

37% 

21% 
8% 6% 3% 

Any AE CNS AE Headache Insomnia Irritability 

% of Adverse events 
1,34 

1,06 

CNS AE  Non-CNS AE  

P<0.05 

Correlations between [DTG] and UGT1A1 Genetic polymorphisms were not observed 

* DTG concentrations in mcg/mL 

Yagura H et al. HIV Glasgow 2016. P312 



CSF drug levels may change over time 

• 71 patients/samples on EFV and 98 on ATV-based ART 
• Patients had similar characteristics and similar overall neurocognitive performance 

Aging affects efavirenz concentrations but not protease inhibitor concentrations in CSF 

Croteau D. et al. CROI 2012, abstract 592.  



CSF drug levels may change over time 

•  PK Study. 363 samples were available from 149 patients 

Calcagno A et al. HIV Glasgow 2016. P304 



In-vivo evidence of neurotoxicity is limited - EFV 

Perez-Valero I. CROI 2014; Abstract 478.  



In-vivo evidence of neurotoxicity is limited - DTG 

´ 

Van der Berk G et al. CROI 2016. Abstract 948 



Probably because host predisposition is 
needed… 

Sabrinski M et al. HIV Glasgow 2016 



High Rates of CNS AE leading to DTG discontinuation in 
Women and older patients 

Sabrinski M et al. HIV Glasgow 2016 

n = 985 



But its consequences may be important 

´ 

Mollan KR et al. Ann Intern Med 2014;161:308–18 



And a main reason for ART Switch 

´ 

CNS 

Renal 

Gastrointestinal 

Rash 

Hepatic 

Others 

Unknown 

Reasons for first-line ART discontinuation due to AE in CORIS  
(2014–2015)  

Jarrin I, et al. GESIDA 2016; CO-09  



The problem is we unknown about reversibility 

´ 

AE, adverse event; BL, baseline; DS, Delayed switch; IS, inmediate switch.  
Bracchi M et al. HIV Glasgow 2016. P209 



We need ART to be balanced 

´ 
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ART Concentrations in the CNS 

Symptomatic Threshold 
HIV-Mediated 
Immune-Mediated 

ART Therapeutic  
Threshold 

Drug Resistance Neurotoxicity 
Threshold 

Unclear 
Clinical Significance 
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Take Home Messages  

´ 
• Be on ART (early) is important to protect the CNS. 

• ART is not able to control and reverse all brain damage 
produced during the HIV infection. 

• In addition, other comorbidities may produce CNS damage 
in patients on ART. 

• And, diagnostic methods used to evaluate the effect of ART 
on the CNS are inaccurate. 

• High intensity CSF suppression doesn’t seem to be 
important for all patients (but is important for some) 

• CNS benefits of ART may diminish in presence of ART-
related neurotoxicity.  
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