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Meta-Analysis of Regional HAND Prevalence

Records ndentified through
database searches
(N = 5,588

| Excuded (0= 3771
* Duplicates (377)

E

Scroenad by tite and abstract
n=521

o] Extluded
n = 4,352

Full-text articies assessad for elighilty

i = 359)
Excluded (n = 235):
+ No HAND data {126)
+ Dupicates samplo {26)
B risokiaphackr B Country prevalence (%)
+ Based on 1991 ANN critens (12)
+ Enrolled <50 particpants (17) [:l <30 ' -
o/ westigaed high-risk population (%1 l:l >30-40 : ¢ Estimated number of HiV-infected  Prevalence of Estimated number of HiV-infected adults
l adules® HAND, % with HAND
: 240-50 Sub-Sah. Africa 25,600,000 45.2 (375-53.0] 11,571,200 {3,600,000-13,568,000
Met inclusion creeria - >50-60 u aran : iz TR0 : : ; )
i Western and central Europe and North 2,200,000 41.4(37.9-45.0) 910,800 (833,800-990000)
260 America
[j No data Asia and the Pacific 5,900,000 394 (343447 2,324,600 (2,023.700-2637,300)
Middle East and North Africa 240,000 - -
Latin America and the Caribbean 2,240,000 59.0 (48.5-69.0) 1,321,600 (1,086,400-1545.600)
Eastern Europe and central Asia 1,700,000 - -

Wang et al, Neurol 2020. 95:e2610-e2621 Glotal tos 27500000

42,6 (39.7-455)

16,145,400 {15,046,300-17,244,500)




Other Cell Types Can

Harbor HIV
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Single Cell Genomics Analysis of T Cells in CSF

CSF T cell subset frequencies in HIV compared to

Approach:
Generating single cell transcriptomes from CSF and blood

Isolate CSF and blood cells Single cells encapsulated in | Next Gen sequencing

from ART-suppressed — oil droplets alongside —p | of approx. 5000 Single
PLWH and Uninfected barcoded mRNA capture cell transcriptomaes per
Participants bead (10X Genomics) sample
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* Overall T cell types do not differ between PLWH on ART and Uninfected

* Increased frequency of exhausted and of activated effector CDB cells in HIV
* Increased frequency of cycling CD4 cells In HIV

* Lower frequency of CO161+ (TH17-lke) in HIV

uninfected

All CSF T cell clusters
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T cell exhaustion and CCRS signalling pathways are hallmarks of the CNS
but not the peripheral CD8 T cell response to HIV infection during ART
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HIV DNA Higher in CD4+ T-Cells in CSF than in Blood

Experimental Design Participant Characteristics
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* 6 PWH provided serial blood samples

before death and their bodies for rapid On ART Off ART
autopsy. 4 had viral suppression until ¢! ";" LGos Ly
death, 2 stopped ART prior to death. e [\ @ S @
Frontal Cortex Motor ¥ lleum Pericardigl Adiposg, 5 ~ JN’ o
» HIV reservoirs were characterized by ' i G W FrontalCortexMator  /  Lymph Nodes (Axillary)
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Brain Regional Genetic Variation
Using Ultradeep Sequencing

RT1 WWLLEbLLE U7, V3 A
e Some regions shared HIV R SOV HEREE
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Giatsou et al, AIDS 2020, 34:1609-1614



Brain Regional Variation of
ART Concentrations in Rats

EFV (Control) EFV(0.25h) EFV(0Sh) EFV(1h)
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=) RN
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FTC (Control) FIC(1h)

Ntshangase et al. ACS Omega 2019, 4, 21169-21177
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Correlates of CSF Viral Escape
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CSF HIV RNA (Log10 copies/mL)

EBV DNA in CSF is Associated with
Pleocytosis and Higher CSF HIV RNA

P=0.002 P =0.084 P=10.001 P=0.028
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VZV Infection, CSF Escape, and
Persistent CSF Abnormalities
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CMV Can Transactivate Latent HIV
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Percentage of Contigs

The Virome of “Sterile” CSF

100% 1 e 1 0ther DNA Viruses
90% - } @ Iridoviridae
0 Papsllomaviridae
80% -
® Mimiviridae
70% 4 I W Poxviidae
60% 4 8l Herpesviridae
B Phyc cdnaviriche
Caialy 8 dsDNA Phages
40% 4 W Inoviridae
305 - | W Microvridae
B Cawdoviridales
20% o ® Podoviridae
10% A W Siphoviridae
0% v - v y R
Feces Saliva Urine Fluid Milk CSF Plasma
By subject Percent homologous Percent homologous P-value®
within sample type® between sample types®
CSF 17.38 £ 0.02 4.89 £ 0.07 0.0984
Body fluids 6.78 + 0.038 5.32 +£ 0.06 0.3878
Milk 17.00 £ 0.15 2.83 + 0.06 0.1870
Plasma 11.20 £ 0.08 6.97 + 0.09 0.3033
Stool 19.18 + 0.12 2.00 £+ 0.038 0.0382
Saliva 54,42 + 0.05 1.76 £ 0.04 <0.0001
Urine 9.89 4 0.08 1.77 £ 0.04 0.0925
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Ghose et al, Front. Microbiol, 2019. 10:2061



CNS Safety of Dual ART

78 PWH on triple therapy and 19 on dual
therapy were included.

e Dual therapies: 12 InSTI+bPI, 3
INSTI+NNRTI, 2 bPI+NNRTI, 2 bPI+NRTI.

Time on current regimens 18 months (8-
29). Length of plasma suppression was

CSF to serum albumin ratio
i
B
]
E]

32 months (14-94). A— -
Groups did not differ in terms of HAND, ™9 .
demographic, or viro-immunological im

features. S I )
Undetectable CSF HIV RNA (73.7% in dual  § ] 4B~ 5
therapy vs. 78.2% in triple therapy, p=0.67) & =] ue

and CSF escape (21.1% in dual therapy vs. — --
19.2% in triple therapy, p=0.86) did not differ.

No difference in depression, anxiety,
neurocognition (in 63 participants) nor in
inflammation, blood—brain barrier integrity,
neuronal damage, or astrocytosis biomarker.

4 1
1
1
n 1 n
0 1
E]
% 4 L o 60Dy °
L1 5
£ . "a S oo a2
24 @
§ e S u
- g 400+ L]
w n e
8 1 ° - é o ° ll..
2004 ST
% u [] ° %
L
o LA Syl > o
DT TT DT ™
20 1500+
%
154 w )
o i 10004
{ LT S
It o
g §
w .. B »
© W w
© g T T w 500 -
B i L L
> ° Sgun
e b o
e®
0 T O .
DT
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CNS Safety of Dual ART (DTG+3TC)

Evaluated HIV RNA, neuronal
Injury, and inflammatory
biomarkers and (DTG) exposure
In CSF in 15 adults switching to
DTG+3TC

All maintained viral suppression
In plasma and CSF at week 48

No increase in CSF biomarkers
of inflammation or neuronal
Injury

Median (interquartile range)
total and unbound DTG

concentration in CSF were 7.3
(5.9-8.4) and 1.7 (1.2-1.9) ng/mL

Yolutegran

.........

Tiraboschi et al. J Infect Dis 2020, PMID: 33049035




CNS Safety of Dual ART (DRV+ETR)

Single-arm, open-label pilot study of
PWH initiating ritonavir-boosted | &
darunavir and etravirine within 30 days of
acute HIV diagnosis

At baseline, 8 of 13 (61%) participants
were impaired, 33% were impaired at 24 )
weeks and, 30% impaired at 48 weeks. i -4 5
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Statistically significant improvement in
overall neurocognitive performance over T , I
time (P=0.03), with the greatest @

Improvement occurring between baseline
and week 24 E [ -
§ 08~ s |
Two of the three participants who did not . : o :
improve failed to achieve virologic W H ; ‘
suppression. o = == I 5
More rapid HIV RNA suppression wl ‘ 5 . - ;
correlated with improved neurocognitive | - — e S,

performance (r=0.82, P<0.005) Gay et al. AIDS 2020, 34:1923-1931



CNS Safety of Monoclonal Antibodies

Broadly Neutralizing Antibodies

Ibalizumab

Class

Resistance mutations
in plasma RNA

Resistance mutations
in PBMC DNA

Resistance mutations in
plasma RNA at week 30

Resistance mutations in

CSF RNA at week 30

ART exposure since first
regimen

NRTI

NNRTI

InSTI

r“)i)i"l'\

MATL, E44D, DB7N,
K700, V75M, F77L,
MI1B41, 1210W
1215Y, K219R

E138A, G190A

Major mutations: V321
MAaGL, I54A, 184V,
L90OM
ACCessOorny mutations

L.33F, T74P

Major mutations
Q148H, E138A,
GI408
ACCEeSSOry mutations:
TA7A, G149A

CCR5 (FPR 6Y9,8%

M4A1L, E44D, D67N
K700, V75M, F771
MI841, L2T10W
T215Y, K219R

E138A, GI190A

Major mutations: Vi2i
MA6L, 154A, 184V
LIDM
Accessory mutations:

LI3F, T74P

Major mutations
QU48H, E138A,
G1408
ACCESSOry mutations,

T97A, GI49A

CXCR4 (FPR 3,1°

M4TL, E44D, DOHTN,
V75M, F77L, Y1181,
MI1841

E138A, VI79F, Y181V

Major mutations: V32l
MAGL, 1544, 184V
LYOM
Accessory mutations
T74P, L33F

Major mutations
Q148H, E138A
G408
ACCessory mutations
T97A, G149A

CCR5

FPR 57.6%)

MATL, E44D, DGFN
V75M, F77L, M184]
L210W, T215Y

E138A, VI79F, Y181V

Major mutations: V321,
MA6L, [54A, 184V,
L9OM
AcCcessory mulations:

T74P L33F

Major mutations
QI48H, E138A,
Gl1405
Accessory mutations:

TO97A, GI49A

CCRS5 (FPR 64%)

31C, FIC, DDI
DDC, AZT
TAF

D4T,
ABC, TDF

EFV, NVP, ETV, RPV
TPV, SQV, FPV, NFV,
LPV, DRV, ATV

RAL, DTG

ENF

MV(

Fostemsavir

Ongoing ART hefore IBA
start: DTG 50mg
BID + DRV/r 600/
100mg BID < 3T(C
100mg QD

IBA associated with:
DRV/r 600 mg
BID + ENF 9O mg
BID = MVC 150mg
BID « FTC/TAF/RPY
'OOV2525mg QD

Muccini et al. AIDS 2020.
DOI:10.1097/QAD.0000000000002687

VRCO1 ug/ml

100

-
o

—_

« VRCO1 concentrations in CSF were on
average 1000-fold lower compared to
concurrent plasma concentrations in 3
participants

« On average, VRCO1 was 6% of all IgG in
CSF compared with 2% of all IgG in blood
plasma

Prabhakaran et al. CROI 2020.
Abstract 453



CSF Inhibitory Quotients Accounts for
Interpatient Variability

CSF 1Q Values Consistent with CPE Scores (N=55) Regimen 1Q Rank to Assess Regimen Activity (N=44)
50 -
100 4
40 - 2
. dy =B .
M . ' Y g § " :
- T . : o B !
. ]
L B’ 2
g 20+ +
0.1 iy . g . :
b3 .
10 o
0.01 ®
IC50: 14368 1.73 .
IC90: 0.53 85 16 8.0 20 064 0+
CPE: 1 2 2 3 3 3 3 1 EVG ATV EFV RAL DRV DTG
TFV EVG ATV FTIC EFV RAL DRV DTG (N=5) (N=8) (N=17) (N=8) (N=4) (N=2)
(N=55) (N=8) (N=8) (N=55) (N=17) (N=8) (N=4) (N=2) TDF + FTC-Based Regimen

CSF ART drug concentrations were available on 55 participants on TDF/FTC-based regimens

Inhibitory quotients (IQs) were calculated for each drug in ART regimen as ratio of measured CSF
concentration to literature values for in vitro inhibitory concentration

Participants were ranked (low to high) by IQs for TFV, FTC, and third ART drug, then drug ranks were
averaged to give an overall rank for the regimen

CSF 1Q values are consistent with the hierarchy of CPE scores (higher IQ <—> higher CPE), but allow
interpatient variability the CPE does not Fletcher et al. CROI 2020, Abstract 455



ART Intensification May Benefit

People with HAD

—

Enrolment

Assessed for eligibility (n=63)
Leng HIV history or oltered CCQ and
oltered FAB<15/18 or mHIV-DS<10/12

Excluded (n=32)

N Declined to participate (n= ]?)

Not meeting inclusion critena (n=7)
Confounding foctors (n=12)

No possibility to improve CPE score (n=1)

Neuro+3 Intervention (n=31)

Allocation

ARV intensification with increased CPE
scoring =43 and total CPE score 29
considering the 2012 ANRS algorithm HIV

genotype

No patient lost to follow-up

Foliow-up

ARV intensification:
MVC (n=10); RAL (n=10); DTG (n=11); DRV/r \
(n=8); NNRTIs (n=6); NRTls including ABC (n=4) |
ARV change: One patient switched DTG to

DRV/r at W48; 2 patients didn’t switch
for ARV intensification

Analysed patients (n=31)

Analysis

Reached Study end point (n=31). Considenng
the 2016 ANRS algorithm HIV genotype:
Patients with new CPE score <9 (n=9)

Patients with new CPE scorez9 (n=22)
ol

Force et al. J Antimicr Chemother 2020,

doi:10.1093/jac/dkaa473
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HIV Cure Strateg

Trial Study drug Target(s) Population Phase
NCT03787095 Cemiplimab PD1 Suppressed HIV on ART 12
NCT03239899 Pembrolizumab PD-1 CNS HIV reservoir 1
NCT03367754 Pembrolizumab PD-1 HIV with low CD4~ cell count 1
NCT02595866 Pembrolizumab PD-1 HIV and malignant neoplasms 1
NCT03304093 Nivolumab PD-1 HIV and non-smail-cell lung cancer 2
NCT02408861 Nivolumab and ipllimumab PD-1, CTLA-4 HIV and malignant neoplasms 1
NCT03316274 Nivolumab PD-1 HIV and Kaposi sarcoma 1
NCT03407105 Ipilimumab CTLA-4 HIV 1
NCT03094286 Durvalumab PD-L1 HIV and solid tumors 2

les and Clinical Trials

LRA Secondary agentis) No, of patients Status identifier
Nicotinamide (SRT1 nhibitor) Dendritic cell vaccine - auranofin + Active NCTD2961829
ART Intensification
Vorinostat (HDACIH ChAdVE3 HIVeansy (ChAd) prime and Active NCT02336074
MVAHIVconsy boost vaccines
Disulfiram 15 Terminated due to AE NCTD3198559
HXTC 12 Recruiting NCT03212989
Tamaoxifen 30 Active NCT03382834
AGS-D04 DC therapy 6 Terminated |AGS-004 NCT02707900
supply unavailable) (VOR-VAX)
VRCO7-523LS 12 Recruiting NCT03803605
Panobinostat (HDACH) Pegylated IFN-a,, 34 Recruiting NCT02471430
Romidepsin (HDAG) 3BNC117 30 Actlye NCT02850016¢
MVA vector HIV vaccine + 56 Not yet recruiting NCT03619278
HIVACARD1 (personalized HIV
vaccine} + 10-1074
3BNC117 ab 60 Recruiting NCTD3041012
3BNC117 ab 42 Not yet recruiting AV 438
Valproic acd HDACH Pyrimethamine 3 Recruiting NCT03525730
Chidamide (HDACH) None &0 Active NCT02902185
CAR-T or TCR-T-cell therapy 40 Recrulting NCT03980691
Euphorbia kansul (ingenofl None 9 Recruiting NCT02531295
(PKC agonist)
Lafitolimod (MGN1703) 10-1047 -+ 3BNCII? 48 Recrulting NCTD3837756"
(TLR9 agonist)
G5-9620 (TLR7 agonist) None 28 Actlve NCT03060447°
Pegylated IFN-a,, None 54 Active NCT02227277
3BNC117 + 1041074 2 Not yet recruiting NCTO3588715¢
Recombinant human None 10 Active NCTD2191098
superagonist IL-15 8 Recruiting NCT03899480

(ALT-803/N-803)

Haploidentical NK cell adoptive
transfer

“Based on data from references 54 and 36, Al treatments are in additon to ART, uniess otherwise noted.

MHXTC, HIV antigen expanded spocific T-cell tharapy.
These studies imvodve analytical teatment interruption (ATIL

Henderson et al, J Virol 2020; 94:

e00375-19.
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LASER: Long-acting slow-effective release
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CNS Safety of Analytical Treatment
Interruption

Timing of CNS measures

" Pre-ATl During ATl Post-ATI '

HIV infection
Acute HIV diagnosis, Fiebig | ; ; B
RV411 : . .
ART ATl " ART resumed
Vorinostat, hydroxychloroguine, p =0.0469
HIV infection maraviroc + ART for 10 weeks
Acute HIV diagnosis, Fiebig |-V prior to AT
RVA409 «h—q—f— 0.24~
ART ATl ' ART resumed (D)
=
HIV infection VRCO1 bNADb at start of AT, = 0.2+
Acute HIV diagnosis, Fiebig I-llI gvery 3 weeks during ATl O
RV397 {ﬁ —
ART ATI ' ART resumed ® 0.20+
o
o
Ad26.Mos.HIV & MVA-Mgosaic — 0.18+
HIV infection +ART at 0, 12, 24, 48 weeks .
Acute HIV diagnosis, Fiebig I-IV prior to ATI . T
RV405 Hﬁ .
ART ATl V ART resumed Pre-ATlI During/post ATI
" TS S
AIATI  Median estimated HIV Median3yearson  Median35 ~ End of ATl
studies  infection duration of 20 ART prior to ATI days of ATl ART resumed with
days before ART confirmed plasma
initiation HIV RNA >1000

copies/mL

Hellmuth et al, Clin Infect Dis 2020. PMID: 32916708
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CRISPR-Based Editing of SIV Proviral
DNA in NHPs + o
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