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(Peripheral) Neuropathy

Centner CM, et al. Lancet Neurology 2013





Underwood J, et al. AIDS 2015

Neurotoxicity – a potential model





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 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

Mechanisms of antiretrovirals’ CNS toxicity



1. DIRECT NEURONAL TOXICITY



• Fetal rat cortical 
neuron cultures

• Some mild degree of 
functional injury seen 
with all drugs
– Mostly dendritic 

beading and pruning

• EFV> others > 
FTC,TFV, DRV, MVC

• no additive effect

Dendritic 
BeadingNormal

Dendritic
Simplification

Neuronal 
Shrinkage

Robertson K, et al. JNV 2012

In vitro



Robertson K, et al. JNV 2012

In vitro (2)
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Mitochondrial Assay Neurite Outgrowth Assay 
MMP ROS Cytotx Outgrowth Retraction Cytotx 

length branch length branch 

Abacavir 1.6 1.1 -0.2 1.1 1.0 0.1 -0.2 -0.6 

Tenofovir 1.6 0.0 -0.5 0.5 0.5 -1.6 -1.0 0.4 

Efavirenz -13.6 0.5 -6.8 2.9 1.1 -3.3 -0.6 -2.6 

Rilpivirine -6.2 1.0 -0.7 1.3 1.0 -2.8 -1.9 -2.2 

Elvitegravir -10.4 2.1 -1.5 0.8 0.5 -1.5 -1.2 -1.7 

Dolutegravir 1.0 0.5 -0.5 3.2 4.0 -0.5 0.3 -0.5 

Atazanavir -2.4 1.9 -0.5 1.4 1.0 -0.5 -1.3 -0.5 

Darunavir 2.1 0.4 -0.4 1.2 0.8 0.0 -0.3 -0.8 

Ritonavir -5.2 2.8 -0.4 0.2 0.3 -1.7 -0.5 -0.8 

Cobicstat -12.0 7.7 1.0 1.1 1.1 -1.6 -2.4 -1.7 

Menadione -12.0 10.6 -20.9 

Staurosporine 7.1 9.6 -0.9 0.2 -1.2 

BIO -2.2 -0.4 -3.6 -2.2 0.6 

Hinckley S, et al. CROI 2016 #395

In vitro (3)
• hIPSC derived iCell cortical neurons

(Cellular Dynamics International)
• neurons were loaded with the 

mitochondrial membrane 
potentiometric dye TMRE and 
reactive oxygen species sensor
CellROX deep red

• NNRTI and EVG were
mitotoxic resulting in 
neurite 
retraction/cytotoxicity

• In contrast, PI were
mitotoxic but did not
significantly impact 
neuronal morphology or 
long-term cell health



Akay-Espinoza C, et al. CROI 2017 #378  

In vitro (4)
Primary rat cortical neuroglial cultures - 14-16 days in vitro 

E                                                    FLopinavir induces mitochondrial
dysfunction and oxidative stress. 

Pharmacological induction of the 
endogenous antioxidant HO-1 is

protective against lopinavir- mediated
neuronal death. 



Mitochondrial damage

Robertson K, et al. JNV 2012



Synaptosomes and 
isolated mitochondria
treated and incubated
for 6 h with CSF-
achievable
concentrations of ddC, -
(6–11 ng/ml 



Cell-free Mitochondrial DNA in the CSF
cross-sectional in 28 HIV-infected individuals (14 with NCI) 

Perez-Santiago J, et al. JNV 2015

Strong association with soluble
and cellular biomarkers of 

inflammation in CSF and blood
of HIV+ pts with NCI (IP-10, 

MCP-1, CSF lymphocytes) but
not with neuronal damage



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



2. INTERFERENCE WITH AMYLOID METABOLISM



Amyloid depositionAmyloid deposition

• Intracellular deposition of Aβ correlated with age in the group of 
patients with HIVE (older subjects with early Aβ deposition)

Extracellular amyloid plaques (AD) vs. intra- neuronal 
amyloid accumulation or perivascular diffuse amyloid 

depositions have been observed in HIV+ pts .

Esiri MM, et al J Neurol Neurosurg Psychiatry 1998; Rempel HC, et al AIDS 2005; Green DA, et al. AIDS 2005; Brew BJ, et al J Neuroimmune Pharmacol 2009; 
Achim CL, et al J Neuroimmune Pharmacol 2009; Sacktor N, et al. CROI 2018 #438

• Amyloid uptake by PET imaging suggest premature ageing in 
older individuals



HAART and amyloid depositionHAART 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.

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.

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.



β Amyloid Deposition

Impairment of beta amyloid 
metabolism:

• in vitro additive effect of 
ARVs;

• EFV (trough reduced 
microglial phagocytosis)

Achim CL, et al. J Neuroimmune Pharmacol 2009; Ortega M and Ances BM, J Neuroimmune Pharmacol 2014; Giunta B, et al. Mol Brain 2011; Brown LAM, et al. 
PlosOne 2014



High tau/Normal 1-42 Beta Amyloid
Neuronal damage?

Low 1-42 Beta Amyloid/Normal tau 
Inflammation?
Neurotoxicity?

High tau/Low 1-42 Beta Amyloid
SM

N=288

Personal data and Gisslen M, et al. BMC 
Neurology 2009



3. ASTROCYTES AND BLOOD BRAIN BARRIER



The Neurovascular Unit

Woods SP, et al. J Clin and Exp Neuropsychology 2007



BBB impairment and dementias in HIV- patients

Skillbäck T, et al. Neurobiology of Aging 2017 

• Alzheimer’s disease (AD, early onset 
[EAD, n = 130], late onset AD [LAD, n 
= 666]), 

• vascular dementia (VaD, n = 255), 
• mixed AD and VaD (MIX, n = 362), 
• Lewy body dementia (DLB, n = 50),
• frontotemporal dementia (FTD, n = 

56), 
• Parkinson’s disease dementia (PDD, 

n = 23),
• other dementias (other, n = 48), 
• dementia not otherwise specified 

(NOS, n = 271).



BBB integrity (and severity of stroke)

Human cerebral microvascular cells Mice (infected/uninfected)

Bertrand L, et al. Sci Rep 2016



Astrocytes in vitro – MVC, RAL, DRV were safe

Latronico T, et al. J of Neurochemistry 2018



Astrocytes’ endoplasmic reticulum stress response
ABC and 3TC 

• Primary human astrocytes 
exposed to HIV-1 virions, 
inflammation and ARV drugs:
• astrocyte elevated gene-1 (AEG-

1), a novel HIV-1 inducible gene, 
along with ER stress markers 

• unfolded protein responses 
(UPRs)

Nooka S, et al. Cell Death Discovery 2017



Cultured Rat astrocytes

0,01 

0,1 

1 

10 

100 

1000 

10000 

DRV LPV ATV NVP EFV ETV RAL EVG DGV ABV TDF MVC 

LOW_24h 

LOW_14gg 

MEDIAN_24h 

MEDIAN_14gg 

HIGH_24h 

HIGH_14gg 

In preparation

0,10 

1,00 

10,00 

100,00 

DRV LPV ATV NVP EFV ETV RAL EVG DGV ABV TDF MVC 

RTV_24h 

COB_24h 

TRQ_24h 

RTV_14gg 

COB_14gg 



Cultured Rat astrocytes (2)

In preparation
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4. OLIGODENDROCYTES AND MYELIN





Oligodendrocyte maturation and myelin

In preparation

.. the immature 
oligodendrocyte stage 

marker GalC did not seem
to correctly localize to the 

cell surface... 

1. Rapidly reversible once 
drugs are removed

2. Oxidative stress
3. Recution in myein

proteins in prefrontal 
cortex of patietns

treated for more than 
12 months before dying



5. INDIRECT EFFECT ON BLOOD VESSELS





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



6. EFAVIRENZ





EFV dose and NP symptoms

Haas et al. AIDS 2004; Gatanaga et al., CID 2011; Wyen C et al J Antimicrob Chemother 2011; Ciccarelli et al., Neurology 2011; Johnson et al. BJCP 2012; Winston 
A, et al. CID 2015; Mollan KR, et al. IAS 2015; Johnson DH, et al. BJCP 2012

 Dose reductions (either TDM or PG/TDM based) were associated with 
improvements in neuropsychiatric symptoms

 PG (CYP2B6, CAR) associated with symptoms, drug discontinuation and 
suicidaility

 ENCORE1: 400 mg EFV
associated with fewer
CNS adverse events
vs. 600 mg

 Single-dose EFV: PK and
PG association with Grooved pegboard



EFV/8-OH EFV and NC performances

Tovar-y-Romo LB, et al. J Pharmacol Exp Ther 2012 ; Winston A, et al. CID 2015; Sandkovski U, et al. JAC 2017; Grilo NM, Eur J harm Sciences 2017

8-OH EFV showed in vitro direct neurotoxicity 

Differential 
expression of CYP 
2B6 in liver and 
hippocampus in rats 
exposed to EFV



7. INTERFERENCE WITH NEUROTRANSMITTERS?



Sensitivity to glutamate effect?

Robertson K, et al. JNV 2012



Dolutegravir and NP 
symptoms

• Contrasting data on DTG 
neuropsychiatric side effects
 no signal in RCTs
 higher incidence in SINGLE (vs. efavirenz)
 higher incidence in some but not all 

observational studies: mild and 
reversible

 Higher incidence of CNS effects in patients 
on concomitant abacavir, female and older 
subjects

De Boer MG, AIDS 2016; Hoffman C, et al. HIV Medicine 2017; Fettiplace A, et al. JAIDS 2016; Bonfanti P, et al. AIDS 2017
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Dolutegravir PK and NP symptoms

Higher DTG Ctrough in patients with symptoms
High DTG Ctrough in patients discontinuing (1719 

ng/mL)

Yagura H, et al. BMC Inf Dis 2017; Menard A, et al. AIDS 2017; Parant F, et al. Current Drug Safety 2018; Elliot E, et al. IWCPHT 2017; Borghetti A, et al. ICAR 2017; 
Hoffmann C, et al. CROI 2018 #424



Dolutegravir PK and NP symptoms

Higher DTG Ctrough in patients with symptoms
High DTG Ctrough in patients discontinuing (1719 

ng/mL)
Symptoms disappearance with DTG every other 

day (in a low BMI patient)

Yagura H, et al. BMC Inf Dis 2017; Menard A, et al. AIDS 2017; Parant F, et al. Current Drug Safety 2018; Elliot E, et al. IWCPHT 2017; Borghetti A, et al. ICAR 2017; 
Hoffmann C, et al. CROI 2018 #424



Dolutegravir PK and NP symptoms

Yagura H, et al. BMC Inf Dis 2017; Menard A, et al. AIDS 2017; Parant F, et al. Current Drug Safety 2018; Elliot E, et al. IWCPHT 2017; Borghetti A, et al. ICAR 2017; 
Hoffmann C, et al. CROI 2018 #424

Higher DTG Ctrough in patients with symptoms
High DTG Ctrough in patients discontinuing (1719 
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Symptoms disappearance with DTG every other 

day (in a low BMI patient)
Higher DTG Cmax and AUC in older subjects 

associated to shorter sleep duration



Dolutegravir PK and NP symptoms

Yagura H, et al. BMC Inf Dis 2017; Menard A, et al. AIDS 2017; Parant F, et al. Current Drug Safety 2018; Elliot E, et al. IWCPHT 2017; Borghetti A, et al. ICAR 2017; 
Hoffmann C, et al. CROI 2018 #424

Higher DTG Ctrough in patients with symptoms
High DTG Ctrough in patients discontinuing 

(1719 ng/mL)
Symptoms disappearance with DTG every other 

day (in a low BMI patient)
Higher DTG Cmax and AUC in older subjects 

associated to shorter sleep duration
More depressive symptoms in the highest DTG 

Ctrough quartile



Dolutegravir PK and NP symptoms

Yagura H, et al. BMC Inf Dis 2017; Menard A, et al. AIDS 2017; Parant F, et al. Current Drug Safety 2018; Elliot E, et al. IWCPHT 2017; Borghetti A, et al. ICAR 2017; 
Hoffmann C, et al. CROI 2018 #424

Higher DTG Ctrough in patients with symptoms
High DTG Ctrough in patients discontinuing 

(1719 ng/mL)
Symptoms disappearance with DTG every other 

day (in a low BMI patient)
Higher DTG Cmax and AUC in older subjects 

associated to shorter sleep duration
More depressive symptoms in the highest DTG 

Ctrough quartile
⤮ No effect of PK on DTG discontinuation for 

NPAEs



OCT-2

Couroussè T and Gautron S, Pharmacology and Therapeutics 2015



Dolutegravir PG and NP symptoms

Borghetti A, et al. IWCPHT 2018

 No effect of DTG Cmax
 DTG Ctrough and SLC22A2 C/A variants associated with NP symptoms at multivariate 

analysis



*. OTHER AFFECTING VARIABLES



Modifiers

• Age effect (PK, 
BBB, Vascular)

• Viral proteins
• Concomitant drugs 
 effect

• PgP inhibitors: 
dose?

• Genetics

Sanchez AB and Kaul M, Brain Sci 2017



Neurotoxicity in HIV- patients?
 11 healthy volunteers
 three days of RTV or EFV (3 weeks washout)
 rs-fMRI: no effect on functional connectivity and 

cerebral blood flow

Brier MR, et al. JNP 2015



TAT and amyloid fibrils
• TAT increases:

• beta-sheets formation
• fibrils aggregation
• Alpha fibrils rigidity
• TAT/fibrils neuronal toxicity

Hategan A, et al. Nature Struct & Molec Biology 2017



Brain parenchyma concentrations

Kannan P, et al. Clinical Pharm and Ther 2009; Srinivas et al, IAS 2017, Abstract WEAB0105



Polypharmacy and P-glycoprotein
Substrates Inhibitors Inducers

actinomycin D amiodarone ASA 
aldosterone atorvastatin cisplatin

alpha-methyldigoxin azithromycin /clarithromycin cyclosporine
amiloride carbamazepine dexamethasone

amitriptyline carvedilol erythromycin
amoxicillin chloroquine insulin

amprenavir Tacrolimus/cyclosporin ++ nifedipine
atorvastatin verapamil ++/diltiazem phenobarbital

beta-acetyldigoxin fenofibrate phenytoin
bisantrene fluoxetine /paroxetina rifampin
bunitrolol grapefruit juice St. John's Wort

carbamazepine garlic tacrolimus
celiprolol green t ea (catechins) tamoxifen
cetirizine ivermectin verapamil

chloroquine Lanso/ome/pantoprazolo
chlorpromazine loperamide

cimetidine progesterone 
citalopram tamoxifen ++



*. CLINICAL DATA AND MANAGEMENT



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





HIV+ 
HAND diagnosed

on suppressive ART
plasma VL ≤50 c/mL

CSF VL ≤50 c/mL
R5 tropic virus

Randomization 
1:1

Single-centre, open-label, randomised pilot study of 180 days duration

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

NPS
rs-fMRI
EEG
PL
Fibroscan
IMT

NPS
rs-fMRI
EEG
PL
Fibroscan
IMT



Conclusions

 The benefits of HAART on CNS HIV infection are predominant 
 Potential harm of certain drugs

 So far tenofovir (TAF?), emtricitabine, darunavir (but boosters may have 
some effect) and maraviroc are the drugs with the least neurotoxic profile 
in vitro

 Different mechanisms to be studied and also different ways of 
assessing/monitoring

 The clinical relevance of neurotoxicity of “modern” Arvs needs to 
be accurately assessed



Thanks for your attention!


