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“The great tragedy of Science — the
slaying of a beautiful hypothesis by an
ugly fact.”
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ART-Mediated
Neuropsychiatric Adverse Events (NP AEs)

What We Know

/Drugs have off-target effects
— ART drugs are no exception

* Multiple factors worsen
vulnerability of PLWH to NP AEs

— Psychiatric & Medical
Comorbidities

— Aging & Polypharmacy
— Genetic variation

 Mechanisms include
mitochondrial, protein

Qrocessing, and amyloid effectS/

What We Don’t Know

ﬂll the mechanisms by which
ART drugs affect neurons and

— Drug-drug interactions

 Approach to identifying patients at
risk for developing NP AEs

— Dose-dependence
— Effects of time: Cumulative effects,
Aging vulnerability
« How to diagnose NP AEs
« How to manage NP AEs
Dose reduce or switch

\— Reversibility

/




Direct and Indirect Neurotoxicity Can Occur

“Direct” Neurotoxicity

[Neuronal Mitochondrial] [ Neuronal Autophagy ] [ Neuronal Amyloid ] [ Glial ] [ Endothelial ] <

Alterations Alterations & pTau Accumulation Dysfunction Dysfunction
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Altered BBB
Permeability

Vascular
Disease

“Indirect” Neurotoxicity

Microbial Inflammation Oxidative Insulin Lipid Coagulation
Translocation a atio Stress Resistance Abnormalities Imbalance

. v




Greater Efavirenz Exposure
IS Assoclated with NP AEs
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Longer Term Efavirenz Use is Assoclated with Risk of
NC Impairment & Reducing Dose Improves Symptoms

: Odds P Value

Age (per 10 years) 0.83
Education (per 1 year) 0.85
Non-Italian Born 3.5
Efavirenz use 4.0

Ciccarelli et al, Neurology
2011, 76: 1403
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Summary Change Score

Cognitive Decline May Be Linked to
Higher Drug Concentrations in the CNS
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Protease Inhibitors are

Assoclated with Vascular Disease

External area

\

Wall diameters

Luminal area

 Carotid artery wall thickness
measured by 3.0 Tesla MRI

« Longer duration of protease
inhibitor therapy associated
with thicker carotid wall

LaBounty et al, HIV Medicine (2015)
DOI: 10.1111/hiv.12351

—&— ATV/r --#-- RAL —®— DRV

Study week
» Carotid intima media thickness

measured by ultrasound
 DRV/r was associated with
faster progression than ATV/r

Stein et al, AIDS 2015, 29:1775-1783
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* Protease inhibitor use associated
with cerebral small vessel disease
(OR 2.8)

* Mild cerebral small vessel
disease associated with HAND
(OR 4.8)

Soontornniyomkij et al, AIDS
2014, 28:1297-1306



Tenofovir, CSF-to-Plasma Ratio

Tenofovir, Plasma (ng/mL)

N(DRTI Toxicity

May Also Influence Neurocognition

0.15+

d=13
p=0.028

0.10+

0.05+

0.00

Risk Factor [Reference level]

Table 2: Factors predicting NC decline over 36 months in
Aviremic HIV+ individuals in CHARTER

QOdds Ratio 95% Confidence interval

eGFR < 50 mL/min [> 50] 6.80

1.35, 34.23

HIV infection 2 15 years [0-<5] 5.45

1.19, 25.02

Education < 12 years [> 12] 4.25

1.45, 12.42

CSF protein >45 mg/dL [<45] 3.25

| | | |
Non-Decliners Decliners

d=22

10- —I— p =0.004

| | | |
Non-Decliners Decliners

Ma et al, CROI 2015, Abstract 444

1.13,9.35

Brouillette et al, CROI 2015, Abstract 469
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Sakoda et al, CROI 2015, Abstract 484

Abacavir Control Risk ratio Risk ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI

1.2.1 ABC vs TDF
Daar 2010 12 928 12 929 27.1% 1.00[0.45, 2.22] =
Martin 2009 8 179 1 178 2.3% 7.96[1.01, 62.95]
Martinez 2009 1 167 1 166 2.3% 0.99[0.06, 15.76] - 1
Moyle 2006 1 53 0 583 1.1% 3.00[0.12,72.02]
Post 2010 5 192 4 193 9.0% 1.26[0.34, 4.61] N
Smith 2009 2 343 4 345 9.0% 0.50[0.09, 2.73] - 1
Subtotal (85% Cl) 1862 1864 50.7% 1.31[0.76, 2.26] ’
Total events 29 22
Heterogeneity: x2=4.90, df = 5 (P=0.43); F=0%
Test for overall effect: Z=0.98 (P=0.33)
1.2.2 ABC vs others
CNA 30024 1 324 2 325 45% 0.50[0.05, 5.50] - 1
CNA109586 0 192 2 193 5.6% 0.20[0.01, 4.16] T
CNA30017 2 104 4 103 9.1% 0.50[0.09, 2.64] - 1
CNAAB3003 0 83 b) 80 Not estimable
CNAAB3005 3 262 4 264 9.0% 0.76[0.17, 3.34] I
CNAB3001 0 46 1 48 3.3% 0.35[0.01, 8.32] —
CNAB3002 0 o9t 0o 9 Not estimable
CNAF3007 1 96 2 91 4.6% 0.47[0.04,5.14] - 1
CNB3014 0 165 0 164 Not estimable
ESS100327 0 137 1 14 3.3% 0.34[0.01, 8.35] —
ESS40002 1 85 0 166 08% 5.83[0.24, 141.50] I B —
ESS40003 0 51 0 44 Not estimable
NZTA4002 0 150 3 151 7.9% 0.14[0.01, 2.76] —
Staszewski 2001 1 262 0 264 1.1% 3.02[0.12, 73.87] ]
Subtotal (95% Cl) 2048 2125 49.3% 0.57[0.29, 1.14] ’
Total events 9 19
Heterogeneity: 32 = 4.76, df = 9 (P=0.85); F = 0%
Test for overall effect: Z=1.60 (P=0.11)
Total (95% Cl) 3910 3989 100.0% 0.95 [0.62, 1.44]
Total events 38 4

it - - - . = 0% ; t t |
Heterogeneity: 2= 11.66, df = 15 (P =0.70); F=0% O.CIH 011 ‘; 1'0 1(')0

Test for overall effect: Z=0.25 (P = 0.80)
Test for subgroup differences: Not applicable

Favours ABC Favours controls

Cruciani et al, AIDS 2011, 25:1993-2004



Dolutegravir, NP AEs, & Discontinuation

N=565
DTG Only

cAT regimen with dolutegeavir but not bacavir

cAT regimen with dolutegeavir and abacavir
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0.10 4

0.00 1 P-logrank = 0.01

0 60 120 180 240 300 360 420 480 540
Total days on DGV containing regimen

Adverse drug reaction n (%)

Sleep disturbance, insomnia 31 (5.6)
Gastrointestinal complaints 21 (3.8)
Joint, tendon and/or muscle pain 11 (2.0
Psychological/psychiatric symptoms 14 (2.5)
Neurologic symptoms 10 (1.8)
General malaise (headache and severe fatigue) 24 (4.3)
Respiratory tract complaints 5(0.9)
Other 9 (1.6)

de Boer et al, AIDS
2016, 30:2831-2834
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N=1,950
InSTIs Only

1 EVG
\‘\ RAL
. DTG
Log rank test, P < 0.0001
0 5 10 15 20 25
Time on INSTI (months)
5:1 ' < 60 years
> 60 years
Log rank test, P =0.0047
0 5 10 15 20 25 30

Time on DTG (months)

Hoffmann et al, HIV Medicine
2017, 18, 56--63

N=4,041
DTG vs. RAL

-

~

Variable HR* P value
Female 1.98  <0.001
Age, per 10 years older 093 0319
Nonwhite ethnicity 075 0172
Prior AlDS-defining condition 0.89 0513
HCV-coinfection 080 0221
CD4™ cells per pl

<350

350-500 098  0.880

=500 1.07  0.735
HIV RNA =100000 copies per ml  1.53 0.149
Treatment naive 1.05  0.858
Backbone

Aba cavir-lamivudine

Tenofavir-emtricitabine 091 0626

Other 0.97 0902
Raltegravir versus dolutegravir 1.30 0140

Toxicity:
RAL 4.3%
DTG 3.6%

Elzi et al, AIDS 2017,

31:1853-1858

\_

/

r--J
=]
]
8
=
a
a
2
[
=
@0
06— | Psychiatric event
A
#
0= T | | T |
] 250 500 750 1000 1250
Time to first psychiatric event, days
DRV 1747 1258 702 354 128 4]
DTG 2029 1808 751 197 3 v}
EFY 1807 1104 @©19 an 112 0
RAL B3 B3F 335 170 50 ]
1
1.04
Ty
0.8 -
= 1
5
£ 084
=]
&
£ o7
c
3
@
0.6 — .
.. | Depression
A
1
0= T 1 | T |
o 250 500 TS0 1000 1250
Time to first depression event, days

Fettiplace et al, J AIDS
2017;74:423-431




Animal Models Support That ART Concentra-
tions in Brain Are Much Higher Than in CSF

A Simulated plasma concentration of efavirenz B Simulated concentration of efavirenz in CS|
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Srinivas et al, IAS 2017,
Curley et al, AAC Abstract WEABO105
2017, 61(1): €01841-16

/




ART Concentrations in Brain Do Not Clearly
Vary by Region & Correlate with CSF

Tenofovir Efavirenz : :
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In Vivo Measurement of
Fluorinated Drugs with 19F MRSI

Tissue fluvoxamine concentrations (uM) i EfaV| renz
154 ® Brain by MRS (uM) ’
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Neuronal
Injury

In Vitro Analyses of ART Toxicity
In Fetal Rat Cortical Neurons
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Efavirenz, Neurotoxic Metabolites, and
Mitochondrial Respiration
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Amyloid-B (% Control)

Amyloid-B, Microglial Cell-Associated

ART Drugs Can Increase Amyloid-f8
& Reduce Microglial Phagocytosis
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Amyloid and Phospho-Tau Neuropathology
May be Influenced by Antiretrovirals
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Tenofovir use prior to death Darunavir use prior to death Ritonavir use prior to death
associated with lower odds of associated with higher odds of associated with higher odds of
amyloid B plaque deposition phopho-tau deposition in neurons microgliosis
(OR 0.13, p=0.012) (OR 15.3, p=0.0005) (OR 4.96, p=0.023)

Soontornniyomkij et al, AIDS 2018, 32: 2005-2015



Somatic APP gene recombination in
Alzheimer’s disease and normal neurons

MIng- Hslang Lee', Benjamin Siddoway -, Gwendolyn E. Kaeser'-, Igor Segora™, Richar Rivera', Willlam I Romanow’,
Christine 5. Liv*, Chris Park™?, Grace Kennedy', Tao Long® & Jerold Chon's

d  Sporadic Alzheimer's disease (5 brains) @ Non-diseassd (5 braing)
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https://doi.org/10.1038/541586-018-0718-6



ART Toxicity in Other Glial Cells

Astrocytes
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Summary of in vitro Evidence of
Mechanisms of Neurotoxicity

Maraviroc T Microglial activation
Raltegravir 1 IL-8 in brain macrophages
Efavirenz T TNF-a and IL-113
Dendritic spine injury
Mitochondrial alterations

1 Autophagy

1 B-Secretase expression, 1 amyloid beta,

T ROS
1 Endoplasmic reticulum stress

| ATP stores; | neural stem cell proliferation

Etravirine | MAP-2 density in rat neurons

Zidovudine

Lamivudine

Abacavir

Indinavir

Lopinavir

Atazanavir

| Mitochondrial DNA in cortical neurons
1 Amyloid-3 production
| Mitochondrial DNA in cortical neurons
1 Amyloid-8 production
1 Amyloid-3 production

1 Amyloid-3 production

| Myelin basic protein, | galactocerebroside in
oligodendrocytes

T Oxidative stress, 1 ER stress, 1 IL-6 and
TNF-a in macrophages

} Tight junction proteins, | synaptic proteins, 1
TNF-a, IL-6 and IL-1

T Oxidative stress, | MAP-2, | synaptophysin

Shah et al, Neurotox Res (2016) 30:677—697 691



Increasing Polypharmacy in Aging HIV+ Adults

Number of people

16000 [1 3 or more comedications
[ 2 comedications
14000 [ comedlc::,\tlo-n
Il No comedication I I
!
12000 .Illlll
1 L
- [ |
| ]
10000
8000 —
6000 -
4000
2000 —
0 —
2010 2015

2020
Year

2025

2030

1 No medication

[J Cardiovascular medication
[ Diabetes medication

Il Osteoporosis medication

Il Cardiovascular and osteoporosis
medication

@ Cardiovascular and diabetes
medication

Il Diabetes and osteoporosis
medication

Il Cardiovascular, diabetes and osteoporosis
medication

Smit, Lancet Inf Dis 2015, 15(7):810-8



Women with HIV are More Likely to Use
Other Medications Associated with NP-AEs

NC-J:EI gl;;';rvations Odds Ratio OR (95%Cl) p-value
No. Observations (%) Odds Ratio OR (95%Cl) p-value HIV+ 12422;293000 41.7) —— 1.5(1.4,1.7) <.0001
_ Third-Party Health Payer 14332/35435 (40.4) | — 15(1.4,17) <0001
Amphetamines 78(0.6) = 08(03,22) 066 Annual Income >$12,000  5902/18977 (31.1) | 0.8(0.8,09) <.0001
Antianxiety 3706 (29.8) 14(12,1.7)  0.0004 Homeless 525/950 (55.3) —- 1.1(1,1.3) 0.062
Anticholinergics 676 (5.4) — 12(09,1.7) 029 Completed High School 10168/26881 (37.8) - 0.9(0.8,1.1) 0.25
Anticonvulsant 1274 (10.3) —.— 1(0.7,12) 074 Depressive Symptoms 6825/12835 (53.2) | = 1.3(1.2,13) <0001
Antidepressants 6231 (502) 16(14,.18) <0001 Injection RDU 324/601 (53.9) —m— 1(0.8,1.3) 091
o Non-injection RDU 4082/8573 (47.6) |- 1.1(1,1.2) 0.0036
Antihistamines 2053 (16.5) 1.4(1.2,1.7) 0.0004 Abstain 8607/21482 (40.1) ‘ Reference NA
Antipsychotics 2074 (16.7) - 09(08,1.1) 0.52 0-7 drinks/wk 4664/13288 (35.1) | 09(09,1) 00015
Beta-blockers 1004 (8.1) — . 13(09,19) 0417 7-12 drinks/wk 589/1601 (36.8) = 0.9(0.8,1) 0.034
Gastrointestinal 807 (6.5) 1.8(1.3,25)  0.0009 >12 drinks/wk 1138/2738 (41.6) - 1(09,1.1) 037
Muscle Relaxants 718 (5.8) ~ 09(07,12) 035 Clinical AIDS 6260/11956 (524) _ | —@— 17(152) <0001
Opioids 3420 (27.5) 14(1.1,16)  0.0003 0.5 10 1.5 20
s " - - - -~ : E:Egg NS o o NC-AE use less likely NC-AE use more likely
=ik p>0.05 == p<0.05 HIV-more likely HIV+ more likely p<0.05, NC-AE less likely g:: .or:jl:izt:aetricifahcljijggdr?gf :f’\i\ﬁ:ﬁjtsoﬁcﬁdffﬁL{Tsjrt'?and “Clinical AIDS”

RDU: recreational drug use
Clinical AIDS: any visit at or subsequent to AIDS-defining illness diagnosis

4 NP-AE Drug Use and ART )

Outcome OR (95% ClI) p-value
CART use 1.46 (1.35-1.57) <0.0001
cART adherence 1.03(0.95-1.12) 045

C RO | Undectable viral load 1.12 (1.05-1.19) 0.0008
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Polypharmacy Is Associated with Worse
Neurocognitive Performance
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Concomitant Medications

Executive Ll Working Recall Information Motor Verbal
Function 9 Memory Processing Function Fluency

Anxiolytics

Antipsychotics

Opioids

Antimicrobials

Protease
Inhibitors

**p<0.01, **p<0.05, *p<0.10, - p > 0.10
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Risk of Brain Injury ———————p

CNS Therapeutic Window
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CNS Therapeutic Window

Therapeutic Neurotoxicity
Threshold Threshold

\L Clinical Cognitive ;
2 Threshold i

ART Concentrations in the CNS >

—

Reduce the Risk of {More Potent ART, Fewer Drug Resistance Mutations
Virologic Failure Earlier ART Initiation, Higher CD4+ T-Cell Count

Increase the Risk of Older Age, Polypharmacy, Women,
Neurotoxicity Drug-Drug Interactions

Risk of Brain Injury ———————p




Neurotoxicity Intervention

Table 1 Risk factors (and the degree of association) for HIV-associated neurocognitive disorders and published beneficial interventions
Vanable Degree of association Degree of association Other relevant factors Beneficial interventions
with HAND with ARVs’ choice

Low CD4 nadrr 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 High Low nadir CD4, Genotype-based,
sympioms) resistant-associated CNS-targeted

mutations

Asymptomatic CSF escape Low Moderate Plasma HIV RNA Unclear

Residual CSF HIV RNA Unclear Unclear Duration of viral suppression None

Macrophage-denved cell infection Low Modermate Viral tropism None

Compartmental immune Moderate Unclear Low nadir CD4 None

activation/nflammation
Neurotoxicity Moderate High Host genetics Unclear
Cardiovascular risk profile High Modemate several None

Calcagno et al, Current HIV/AIDS Reports (2018) 15:84-91
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