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Panel 1: Drugs that can cause neuropathy

Antiretrovirals
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+ Herbal drugs (might contain neurotoxic contaminants)



EDITORIAL REVIEW

Could antiretroviral neurotoxicity play a role in the
pathogenesis of cognitive impairment in treated
HIV disease?

Jonathan Underwood?, Kevin R. Robertson® and Alan Winston?

Whilst effective antiretroviral therapy is protective against the more severe forms of
HIV-associated brain disease, there remains a large burden of clinically symptomatic
cognitive impairment in the modern era. Although several potential pathogenic
mechanisms have been proposed, the underlying pathology remains elusive. In this
review, we summarize the evidence describing neuronal toxicity of antiretroviral agents
themselves in both preclinical and clinical situations, as well as the potential patho-
logical mechanisms underlying this toxicity. We also consider the implications for
future practice and clinical research in which case determining optimal antiretroviral
combinations that effectively suppress HIV replication whilst minimizing neurotoxic
effects on the central nervous system may become paramount.

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.
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Neurotoxicity - a potential model
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Mechanisms of antiretrovirals’ CNS toxicity

@ Direct Neuronal toxicity
* Invitro
* in macaques

@ Beta amyloid metabolism interference
@ Astrocytes and blood brain barrier

@ Olygodendrocytes and myelin

@ Indirect effect on cerebral blood vessels
@ Efavirenz (and 8-08-EFV)

@ Interference with neurotransmitters?

Tovar-y-Romo LB, et al. J Pharmacol Exp Ther, 2012; Robertson K, et al. JNV 2012; Akay C, et al. INV 2014; Giunta B, et al. Mol Brain 2011; Robertson K, et al.
Neurology 2010; Achim CL, et al. ] 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. DIRECT NEURONAL TOXICITY



In vitro
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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, Pl were
mitotoxic but did not
significantly impact
neuronal morphology or
long-term cell health

In vitro (3)
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In vitro (4)

Primary rat cortical neuroglial cultures - 14-16 days in vitro
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Mitochondrial damage
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Oxidative stress and toxicity induced by the nucleoside reverse transcriptase
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Global Deficit Score

Cell-free Mitochondrial DNA in the CSF

cross-sectional in 28 HIV-infected individuals (14 with NCI)
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N-acetyl aspartate at MRS
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2. INTERFERENCE WITH AMYLOID METABOLISM



Extracellular amyloid plaques (AD) vs. intra- neuronal
amyloid accumulation or perivascular diffuse amyloid
depositions have been observed in HIV+ pts .
Intracellular deposition of AB correlated with age in the group of

patients with HIVE (older subjects with early AB deposition)
Amyloid uptake by PET imaging suggest premature ageing in

older individuals
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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.
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3. ASTROCYTES AND BLOOD BRAIN BARRIER
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Percent

BBB impairment and dementias in HIV- patients
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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)
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Astrocytes in vitro — MVC
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Astrocytes’ endoplasmic reticulum stress response
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Cultured Rat astrocytes
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Cultured Rat astrocytes (2)
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4. OLIGODENDROCYTES AND MYELIN
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ORIGINAL ARTICLE

Altered Oligodendrocyte Maturation and Myelin
Maintenance: The Role of Antiretrovirals in HIV-Associated
Neurocognitive Disorders

Brigid K. Jensen, BS, Hubert Monnerie, PhD, Maggie V. Mannell, MS, Patrick J. Gannon, PhD,
Cagla Akay Espinoza, MD, Michelle A. Erickson, PhD, Annadora J. Bruce-Keller, PhD,
Benjamin B. Gelman, MD, PhD, Lisa A. Briand, PhD, R. Christopher Pierce, PhD,

Kelly L. Jordan-Sciutto, PhD, and Judith B. Grinspan, PhD

Abstract

Despite effective viral suppression through combined antiretro-
viral therapy (cART), approximately half of HIV-positive individuals
have HIV-associated neurocognitive disorders (HAND). Studies of
antiretroviral-treated patients have revealed persistent white matter
abnormalities including diffuse myelin pallor, diminished white mat-
ter tracts, and decreased myelin protein mRNAs. Loss of myelin can
contribute to neurocognitive dysfunction because the myelin mem-
brane generated by oligodendrocytes is essential for rapid signal trans-
duction and axonal maintenance. We hypothesized that myelin
changes in HAND are partly due to effects of antiretroviral drugs on
oligodendrocyte survival and/or maturation. We showed that primary
mouse oligodendrocyte precursor cell cultures treated with therapeutic
concentrations of HIV protease inhibitors ritonavir or lopinavir
displayed dose-dependent decreases in oligodendrocyte maturation;
however, this effect was rapidly reversed after drug removal. Con-
versely, nucleoside reverse transcriptase inhibitor zidovudine had no
effect. Furthermore, in vivo ritonavir administration to adult mice

reduced frontal cortex myelin protein levels. Finally, prefrontal cortex
tissue from HIV-positive individuals with HAND on cART showed a
significant decrease in myelin basic protein compared with untreated
HIV-positive individuals with HAND or HIV-negative controls.
These findings demonstrate that antiretrovirals can impact myelin in-
tegrity and have implications for myelination in juvenile HIV patients
and myclin maintcnance in adults on lifclong therapy.

Key Words: Antiretroviral, Oligodendrocyte, Myelin, HIV, HIV-
Associated Neurocognitive Disorders, Pediatric AIDS, Protease Inhibitor.

INTRODUCTION

Approximately 50% of patients infected with human im-
munodeficiency virus-1 (HIV) present with a broad spectrum
of cognitive, motor, and behavioral disturbances collectively
termed HIV-associated neurocognitive disorders (HAND)
(1, 2) despite eftective viral control through combined antiretro-
viral therapy (cART) (3-6). cART is designed to target multi-
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5. INDIRECT EFFECT ON BLOOD VESSELS



Medscape



Cerebral Small Vessel Disease

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

e associated with Pl-based HAARTs and diabetes
e HAND associated with mild CSVD

Soontornniyomkij V, et al. AIDS 2014




6. EFAVIRENZ
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Efavirenz associated with cognitive
disorders in otherwise asymptomatic HIV-

infected patients

ABSTRACT

Background: Despite the availability of potent antiretroviral regimens (combination antiretroviral
therapy [cART]), HIVV-associated neurocognitive disorders (HAND) are increasingly recognized.
Our aim was to investigate the prevalence and treatment-related correlates of HAND, exploring
the potential neurotoxicity of antiretrovirals on cognitive functions.

Methods: We performed a cross-sectional single cohort study by consecutively enrolling asymp-
tomatic HIV+ subjects during routine outpatient visits. Each patient was submitted to a compre-
hensive neuropsychological battery and was considered cognitively impaired on the basis of
results obtained in matched healthy HIV-negative subjects. CNS penetration effectiveness (CPE)
rank was calculated for cART regimens according to 2010 CHARTER criteria. Factors associated
with cognitive impairment were investigated by linear or logistic regression analysis.

Results: A total of 146 patients were enrolled. Of these, 129 (88.4%) were on cART and 59.6% of
them were on current regimen from =1 year. Sixty-nine patients (47 %) were classified as cognitively
impaired (35.6% asymptomatic and 11.6% mild neurocognitive impairment). In the multivariate anal-
ysis, efavirenz use (odds ratio [OR] = 4.00; p = 0.008) and non-ltalian nationality (OR = 3.46; p =
0.035) were associated with increased risk of cognitive impairment, whereas higher education was
associated with a lower risk (OR = 0.85; p = 0.002). Furthermore, efavirenz use and age =65 years
independently predicted worse performance on the double barrage and the Stroop test (time). No
association between CPE rank and cognitive impairment was observed.

Conclusions: A high prevalence of HAND was observed in apparently asymptomatic HIV + individ-
uals. HAND was associated with efavirenz use, suggesting the potential neurotoxicity of this
drug. Routine neuropsychological examinations could help clinicians make correct diagnoses and
manage mild, but clinically relevant, forms of HAND. Neurology® 2011;76:1403-1409

GLOSSARY

ANI = asymptomatic neurocognitive impairment; cART = combination antiretroviral therapy; Cl = confidence interval; CPE =
CNS penetration effectiveness; HAD = HIV-associated dementia; HAND = HIV-associated neurocognitive disorders; HCV =
hepatitis C virus; IADL = Instrumental Activities of Daily Living; MMSE = Mini-Mental State Examination; MND = mild
neurocognitive disorder; NNRTI = non-nucleoside reverse transcriptase inhibitor; OR = odds ratio; WAIS = Wechsler Adult
Intelligence Scale.

Although the incidence of HIV-associated dementia (HAD) has significantly decreased in the
era of potent combination antiretroviral therapy (cART),' the incidence and prevalence of
milder forms of HAND have remained relatively stable,? suggesting that the treatment of CNS
infections might be suboptimal in a high proportion of patients. Moreover, the longer lifespan
of patients with HIV, as a consequence of cART, together with older age at seroconversion
might contribute to increasing the risk of neurodegeneration.?

The sustained prevalence of HAND might also be due to drug resistance, poor adherence, and
poor CNS penetration of some antiretroviral agents.* Several studies have shown that better pene-
tration of andretroviral drugs in the CNS, as estimated by the proposed CNS penetration effective-



EFV dose and NP symptoms
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EFV/8-OH EFV and NC performances

8-OH EFV showed in vitro direct neurotoxicity
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Table 4. Correlation Between Cerebrospinal Fluid 8-Hydroxy
Efavirenz Exposure and Patient-Completed Questionnaires

Spearman
Parameter Week  Correlation Coefficient P Value
DASS-Depression 48 0.20 31
DASS-Anxiety 48 0.1 .68
DASS-Stress 48 0.38 .04
ESQ 4 —-0.43 .02
ESQ 48 0.13 .05
SF-12-Physical score 418 0.13 .50
SF-12-Mental score 48 -0.38 .05

Abbreviations: DASS, Depression Anxiety Stress Scales; ESQ, efavirenz
symptom questionnaire; SF-12, 12-item short form.
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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



7. INTERFERENCE WITH NEUROTRANSMITTERS?



Fluorescence Increase

Sensitivity to glutamate effect?

—— 10 pM Glutamate

1500 - —— EFV, TDF, FTC + Glutamate
e
A

B} ATV, RTV, TDF, FTC + Glutamate
| DRV, ABC, 3TC + Glutamate
1000_ —— aCSF
—— DRV, ABC, 3TC
500 -
0_

Minutes

Robertson K, et al. JNV 2012



Dolutegravir and NP

symptoms

* Contrasting data on DTG

neuropsychiatric side effects
= nosignal in RCTs
= higherincidence 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;
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Fettiplace A, et al. JAIDS 2016; Bonfanti P, et al. AIDS 2017
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Dolutegravir PK and NP symptoms

v'Higher DTG Ctrough in patients with symptoms

v'High DTG Ctrough in patients discontinuing (1719
ng/mL)

* %k

*%
o,
(I
CJ
> Seulttorr
11 ‘% -
)
O I I
with NP-AEs  without NP-AEs

DTG plasma trough concentration
(Hg/mL)
N
1

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

v'Higher DTG Ctrough in patients with symptoms

v'High DTG Ctrough in patients discontinuing (1719
ng/m L) s 10th-90th percentiles

—Median
® Patient (July 2015)- DTG = 6.06 mg/L

v Symptoms disappearance with DTG every other A Patint (Oct. 2015) - DTG = 5.62molL
day (in a low BMI patient)

Serum dolutegravir concentrations (mg/L)

0 5 10 15 20
Time after administration of dolutegravir 50 mg QD (hours)

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

v'Higher DTG Ctrough in patients with symptoms
v'High DTG Ctrough in patients discontinuing (1719

ng/m L) Results: Pittsburgh Sleep Quality Index
. . PSQI total (n::z.ll
v Symptoms disappearance with DTG every other Higher C,__and AUC, ,, associated
i i with
day (in a low BMI patient) ——Fprier sieep duration
v'Higher DTG Cmax and AUC in older subjects “ e ©

associated to shorter sleep duration

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

v'Higher DTG Ctrough in patients with symptoms

v'High DTG Ctrough in patients discontinuing
(1719 ng/mL)

v Symptoms disappearance with DTG every other

day (in a low BMI patient) 100
v'Higher DTG Cmax and AUC in older subjects o
associated to shorter sleep duration o

| Sleep
W Absent  pisturbances
B m Present  (N=25, 42.4%)

<25%tile (348 ng/ml. 25-49 9-612 50-75%tik 3
ng,

Absent Anxiety

- )
brosent  (N=25, 42.4%)

<25%tile (348 ng/ml 254

100%

v'"More depressive symptoms in the highest DTG| ..,

Ctrough quartile ”

b . m Absent Depression
6/15 e
o | b , o , o v mpresent (N=18.30.5%)

<25%tile (348 ng/ml 25-49%i (395 575 063 1000 >75%tle (>1000 ng/mlL)
ng, g/mi)

Yagura H, et al. BMC Inf Dis 2017; Menard A, et al. AIDS 2017; Parant F, et al. Current Drug Safety 2018;

Hoffmann C, et al. CROI 2018 #424

Elliot E, et al. IWCPHT 2017; Borghetti A, et al. ICAR 2017,




Dolutegravir PK and NP symptoms

v'Higher DTG Ctrough in patients with symptoms

v'High DTG Ctrough in patients discontinuing
(1719 ng/mL) G S

v'Symptoms disappearance with DTG every other | e [ oo [ ]
day (in a low BMI patient)

v'Higher DTG Cmax and AUC in older subjects
associated to shorter sleep duration

v'"More depressive symptoms in the highest DTG
Ctrough quartile

X No effect of PK on DTG discontinuation for
NPAEs

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
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Presynaptic
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Courousse T and Gautron S, Pharmacology and Therapeutics 2015



Dolutegravir PG and NP symptoms

No effect of DTG Cmax

DTG Ctrough and SLC22A2 C/A variants associated with NP symptoms at multivariate
analysis
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T 0Ee - 100%
BO% % % -
Bl B0% 0% ‘CC
. p=0.021 - p=0.0%8] - p=0.038
21.8% mCA
205 5 oy . 25.0% s - 25.0%:
1 5.3 £.I%
me | .___,_.-. . - ,_-._‘_-. . % _.-_.,_-__ﬁ
Mormal Pathological Normal Pathological Mormal Pathological
Somatization Paranoid ideation Psychoticism
1005 - 100 100 -
BD% - B0% 6% cc
B % ED% -
pe.058 pe0.8T0 = pe0.08% mCA
] 16.2% e LAY . FTRLY
2% e 0% 4% % . TA% .
% _—__-_‘ 0% ____-_, - v

Mormal

Pathological

Borghetti A, et al. IWCPHT 2018
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*. OTHER AFFECTING VARIABLES



Modifiers

XN SeH, A

S AN /HIV or METH or HIVSMETH ) o Age Effe ct ( P K

t Microglia activation ’
METH cART t Astrocytosis

1 Alteration of neurotransmission B B B V | )
t HAND/HAD (HIVIHIV+METH) V4 a S C u a r
t Oxidative Stress
t Mitochondrial impairment

e ) * Viral proteins

e (HivscarT N\ .
L PED * Concomitant drugs

| Neuronal ATP
M®/microglia

| HAND/HAD

Neuron \Astrocytosis

“Wl CCRS and CXCR4 + Astrocytosis
| Autophagy

- L e - effect
1 ER stress
L] L] L]
o * PgP inhibitors:
Y CD4 G\H-METH%ART \
1 Alteration of neurotransmission
1 Oxidative stress

1 Microglia activation d O S e ?
| Neuronal ATP { Genetics

&Neuronal dendrites & synaps?

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

DMN DAN CON SAL SMN
06 _ _ - T T
% 0.4 E Q - _— — +
: S](Ise Q alls DT
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§ L 1 1 | % é E
S ol 1 1 L L 1 J_ 1 n *
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0.2 R E R E R C E R C E R
1 ¥ F=0.47, p=0.62 F=145, p=0.25 F=1.12, p=0.34_|_ F=154, p=0.23
£ Q é - ¢ R -
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3
o
- F 0.72,p=0.50 1 L1
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Brier MR, et al. JNP 2015



TAT and amyloid fibrils

* TAT increases:

beta-sheets formation
fibrils aggregation
Alpha fibrils rigidity

» TAT/fibrils neuronal toxicity
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Thick irregular fibrils Patches

Structures with increased adherence
and higher mechanical resistance
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Induced Internallzatlon ofa
pore few small complexes

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



Brain parenchyma concentrations

Baseline Blocked MBI
. BCRP Pgp
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Kannan P, et al. Clinical Pharm and Ther 2009; Srinivas et al, IAS 2017, Abstract WEAB0105



Polypharmacy and P-glycoprotein

actinomycin D
aldosterone
alpha-methyldigoxin
amiloride
amitriptyline
amoxicillin
amprenavir
atorvastatin
beta-acetyldigoxin
bisantrene
bunitrolol
carbamazepine
celiprolol
cetirizine
chloroquine
chlorpromazine
cimetidine
citalopram



*. 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

e Greater benefit in
those stopping EFV

Mean score
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Weeks from ART discontinuation

Robertson K, et al. Neurology 2010




Well, that's not
a good sign.



MARAND X

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

HIV+
HAND diagnosed
on suppressive ART

Switch to MVC 300 mg +

+ DRV/cobi 800/150 mg+ FTC 200 mgQD [n=38]

plasma VL <50 ¢/mL
CSF VL <50 c/mL Continue ART regimen [n=38] .
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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
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