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Underwood J, et al. AIDS 2015

NEUROTOXICITY – A POTENTIAL MODEL



THE EFAVIRENZ PARADIGM

• It took approximately 15 years to recognize efavirenz  in vivo (despite earlier 
evidence of in vitro neuronal toxicity)

• Detrimental effect on neurocognition

• Association with suicidal ideation

Full neurocognitive tests

Spectroscopic MRI

Questionnaires - PROs

Tovar-y-Romo LB, et al. J Pharmacol Exp Ther, 2012; Robertson K, et al. Neurology 2010; Ciccarelli N, et al. Neurology 2011; Winston A, et 
al. Plos One 2015



MECHANISMS OF ANTIRETROVIRALS’ CNS 
TOXICITY

① Direct Neuronal toxicity

• In vitro
• in macaques

② Beta amyloid metabolism interference 

③ Astrocytes and blood brain barrier

④ Olygodendrocytes and myelin
⑤ Indirect effect on cerebral blood vessels

⑥ Efavirenz (and 8-08-EFV)

⑦ Impairment in mitochondrial function

⑧ Interference with neurotransmitters
Tovar-y-Romo LB, et al. J Pharmacol Exp Ther, 2012; Robertson K, et al. JNV 2012; Akay C, et al. JNV 2014; Giunta B, et al. Mol Brain 2011; 

Robertson K, et al. Neurology 2010; Achim CL, et al. J Neuroimmune Pharmacol 2009; Ortega M and Ances BM, J Neuroimmune 
Pharmacol 2014; Ciccarelli N, et al. Neurology 2011; Vivithanaporn P, et al. AIDS 2016



1. FULL NEUROCOGNITIVE TESTS



NP IMPROVEMENT IN TREATMENT 
DISCONTINUATION

• 167 pts with CD4>350, 
HIV RNA <55000 
copies/mL

• Elected to discontinue 
HAART

• Trail Making (A/B) and 
Digit Symbol mostly

• Greater benefit in those 
stopping EFV

Robertson K, et al. Neurology 2010



EFV AND SPECIFIC AREAS?

Ciccarelli N, et al. Neurology 2011



SPECIFIC TESTS?

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

Trail Making Test part B Stroop colour test-reaction
time

Stroop colour test-errors Digit span backward

Attention/Working Memory (n=494)

0 1 2 3 4

Unpublished



2. MRI, MRS AND FMRI



MECHANISMS OF ANTIRETROVIRALS’ CNS 
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• In vitro
• in macaques

② Beta amyloid metabolism interference 

③ Astrocytes and blood brain barrier

④ Olygodendrocytes and myelin
⑤ Indirect effect on cerebral blood vessels

⑥ Efavirenz (and 8-08-EFV)

⑦ Impairment in mitochondrial function

⑧ Interference with neurotransmitters
Tovar-y-Romo LB, et al. J Pharmacol Exp Ther, 2012; Robertson K, et al. JNV 2012; Akay C, et al. JNV 2014; Giunta B, et al. Mol Brain 2011; 

Robertson K, et al. Neurology 2010; Achim CL, et al. J Neuroimmune Pharmacol 2009; Ortega M and Ances BM, J Neuroimmune 
Pharmacol 2014; Ciccarelli N, et al. Neurology 2011; Vivithanaporn P, et al. AIDS 2016

MRI, fMRI

MRS



WHITE MATTER HYPERINTENSITIES HIV-

Price CC, et al. Neurology 2012; Huijts M, et al. Front Ageing Neurosci 2013

Heterogeneous
abnormalities in 
White Matter as
lacunar infarcts, 
micro-bleeding, 

alterations in 
perivascular spaces
and linked to small 

vessel cerebral
disease



Su T, et al AIDS 2016

WHITE MATTER HYPERINTENSITIES PLWH



WMH (VISUAL SCALE) IN TORINO (N=107)
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Trentalange A, et al. Brain Imaging and Behaviour 2018



WMH IN TORINO

Trentalange A, et al. Brain Imaging and Behaviour 2018



WMH AND ATRIAL FIBRILLATION

Gaita F, et al. JACC 2013



CEREBRAL SMALL VESSEL DISEASE

(137 autopsies, 1999-2011)
Mild CSVD 24.8% - moderate/severe CSVD  47.4%

• associated with PI-based HAARTs and diabetes
• HAND associated with mild CSVD

Soontornniyomkij V, et al. AIDS 2014



N-ACETYL ASPARTATE AT MRS

• Localize to neurons (axons)
• Marker of neuronal integrity
• Marker of mitochondrial integrity

• Reduced following ATP 
inhibition and impaired 
oxygen consumption

 Reduced Naa with “old” drugs 
and in patients with NCI

Schweinsburg BC, et al. JNV 2005; Mohamed M, et al. AJNR 2018



ALTAIR – WEEK 144
• 22 neuroasymptomatic

naïve patients
• MRS and NCT at BL, and 

week 48 and 144
• Improvement at week 48 

but decline between 48 
and 144 week

• Reductions in NAA/Cr 
ratio (week 48–144) in 
RBG were associated with 
an increase in com-
posite speed score 
change (week 48–144) 

Winston A, et al. Plos One 2015



SWITCH EFV TO INSTI
20 ASYMPTOMATIC PTS ON EFV

SWITCHED TO RAL OR EVG

Asundi A, et al. JAIDS 2019
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3. PLASMA AND CSF BIOMARKERS



MECHANISMS OF ANTIRETROVIRALS’ CNS 
TOXICITY

① Direct Neuronal toxicity

• In vitro
• in macaques

② Beta amyloid metabolism interference 

③ Astrocytes and blood brain barrier

④ Olygodendrocytes and myelin
⑤ Indirect effect on cerebral blood vessels

⑥ Efavirenz (and 8-08-EFV)

⑦ Impairment in mitochondrial function

⑧ Interference with neurotransmitters
Tovar-y-Romo LB, et al. J Pharmacol Exp Ther, 2012; Robertson K, et al. JNV 2012; Akay C, et al. JNV 2014; Giunta B, et al. Mol Brain 2011; 

Robertson K, et al. Neurology 2010; Achim CL, et al. J Neuroimmune Pharmacol 2009; Ortega M and Ances BM, J Neuroimmune 
Pharmacol 2014; Ciccarelli N, et al. Neurology 2011; Vivithanaporn P, et al. AIDS 2016

CSF Beta1-42

Plasma and CSF NFL (t-
tau?)

CSF S100beta?
CSAR

CSF mtDNA?



PLASMA NFL

Gisslen M, et al. EBioMedicine 2015



CSF ALZHEIMER’S BIOMARKERS IN PLWH

Different amyloid deposition
No premature amyloid increase

AD’s patterns only in 12% of HAD patients
5 cases of possible AD in PLWH (3 biopsy/autopsy)

Green DA, et al. AIDS 2005; Cysique LA, et al. BMC Neurol 2015; Gisslen M, CROI 2016



HAART and amyloid deposition

Giunta B, et al. Molecular Brain 2011 Green DA, et al. AIDS 2005

In patients with access to HAART, 
there is a clear trend towards 

decreasing prevalence of Grade 0, 
and an overall increase in Grades 1 

and 2.

ARVs increase Aβ generation (50-200%) 
and markedly inhibit microglial 

phagocytosis of Aβ1-42 peptides in 
murine microglia. The most significant 
amyloidogenic effects were observed 

with combined ART.



ALZHEIMER’S DEMENTIA BIOMARKERS IN 181 
PLWH

tTau H and Beta42 L
15 patients (8.3%)

tTau H and Beta42 n
15 patients (8.3%)

tTau n and Beta42 n
150 patients (82.9%)

tTau H and Beta42 L
1 patient

Trunfio M, et al. CROI 2019



AMYLOID AND PHOSPHO-TAU NEUROPATHOLOGY 
MAY BE INFLUENCED BY ANTIRETROVIRALS

Soontornniyomkij et al,  AIDS 2018

Tenofovir use prior to death 
associated with lower odds of 
amyloid β plaque deposition
(OR 0.13, p=0.012)

Darunavir use prior to death 
associated with higher odds of 
phopho-tau deposition in neurons
(OR 15.3, p=0.0005)

Ritonavir use prior to death 
associated with higher odds of 
microgliosis
(OR 4.96, p=0.023)



CSF MITOCHONDRIAL DNA AND NCI

Perez-Santiago J, et al. JNV 2015



4. FMRI AND EEG?



MECHANISMS OF ANTIRETROVIRALS’ CNS 
TOXICITY

① Direct Neuronal toxicity

• In vitro
• in macaques

② Beta amyloid metabolism interference 

③ Astrocytes and blood brain barrier

④ Olygodendrocytes and myelin
⑤ Indirect effect on cerebral blood vessels

⑥ Efavirenz (and 8-08-EFV)

⑦ Impairment in mitochondrial function

⑧ Interference with neurotransmitters
Tovar-y-Romo LB, et al. J Pharmacol Exp Ther, 2012; Robertson K, et al. JNV 2012; Akay C, et al. JNV 2014; Giunta B, et al. Mol Brain 2011; 

Robertson K, et al. Neurology 2010; Achim CL, et al. J Neuroimmune Pharmacol 2009; Ortega M and Ances BM, J Neuroimmune 
Pharmacol 2014; Ciccarelli N, et al. Neurology 2011; Vivithanaporn P, et al. AIDS 2016

fMRI

fMRI? EEG?



Vera J, et al. CROI 2019



EEG LORETA

Babiloni C, et al. Clin Neurophysiology 2014, 2015 and 2017



5. OUR FLOWCHART



Calcagno A, et al. Drugs 2017

Randomization 
1:1

Switch to MVC 300 mg +
+ DRV/cobi 800/150 mg+ FTC 200 mgQD [n=38]

Continue ART regimen [n=38]

T 0 T 180

MARAND-X (NCT03163277)
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