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Cardiovascular and Metabolic Complications
CROI 2021

* Adverse effects of ART
— Weight gain
— Metabolic effects
— CVD outcomes

 Novel risk factors for CVD

— Proteomics
— Inflammation

* Epidemiology of aging and comorbidities

Cross-cutting themes:
Effects of age, race, sex, and geographic setting on the diagnosis,
treatment, and prevention of aging-related complications of HIV



Cardiovascular and Metabolic Complications
CROI 2021

* Adverse effects of ART
— Weight gain
— Metabolic effects
— CVD outcomes

 Novel risk factors for CVD

— Proteomics
— Inflammation

* Epidemiology of aging and comorbidities

Cross-cutting themes:
Effects of age, race, sex, and geographic setting on the diagnosis,
treatment, and prevention of aging-related complications of HIV



Context: INSTIs and Weight Gain

INSTIs and TAF have been associated with weight gain
in multiple studies

Weight gain among suppressed patients switching
therapy is less well described

Questions that remain incompletely understood:
— The relative contributions of INSTIs and TAF to weight gain
— The effects of different INSTIs on weight gain
— The risk factors for weight gain with INSTIs or following
ART initiation
— The clinical implications of weight gain (cardiometabolic
disease or outcomes)



Weight Gain after INSTI Switch

e Objective: To assess how INSTIs
contribute to weight gain in real-
world clinical practice RESULTS

e Study design Figure 2
— Trio Health Research Network
— Retrospective observational study

— Switch to new INSTI from non INSTI or
another INSTI

— Accounted for concurrent TDF to TAF
switch (47%)

— Three multivariate models using >3, >5,
and = 10% cutoffs for increase in
weight gain

* Mean increase in weight at 1 year
was 1.3 kg

* Weight gain was not differentamong . Type of INSTI was not associated with
INSTIs weight gain in any of the models
* Factors associated with weight gain Emphasized importance of

in all 3 models: controlling for TDF-to-TAF switch
— Female

— Baseline BMI underweight/normal
— Black race
— TDF-to-TAF switch

Variables associated with risk of weight gain 23% at 12 months
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Weight Gain with INSTIs versus TAF

* Objective: To assess magnitude, timing,
and persistence of weight change
among virally suppressed patients
switching to INSTIs or TAF -

e  Study design INST! + TAF (n=188)

— HOPS study across 8 care sites
— INSTI-naive undergoing switch

e  Switching to INSTI-based ART
associated with more rapid weight gain
compared with non-INSTI-based ART

*  Receiving TAF associated with more
rapid weight gain compared with no
TAF

e  Earlier weight gain attributable to INSTI
and later to TAF. After 8 months: o

— Trajectory similar for INSTI and non
INSTI patients

— Trajectory steeper for TAF vs. non-TAF

*  Unchanged findings after adjustment * Both INSTIs and TAF were independently

for age, gender, race, baseline BMI . . . .
* Nosignificant differences between associated with welght gain

INSTIs  Timing of weight gain differed by class
« Different trajectories of weight gain

prior to switch

INSTI (n=253)

Non-INSTI = TAF (n=128)
INSTI pre-switch (n=441)

b Non-INST! post-switch (n=167)

Mode! estimated mean BMI
\
\
\

100 0 Lo 40 X 0 20 40 =] 25 100 120

Month from time of regimen switch
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Weight Changes with Long-Acting
Cabotegravir/Rilpivirine

Weight Change by Treatment Regimen From Baseline to Week 48

Median (range) weight change (kg) Proportion of participants with a 210%
by regimen weight increase by regimen
20% -

1.2 1.25
1 (-27.5,40.9) (-16.0,22.2) 1.0
7%

(-28.0, 39.0)
1 4 5%
5% A
0.5 A
0 T 0% T

Q4w Q8w CAR Q4w Q8w CAR
(n=918) (n=327) (n=591) (n=918) (n=327) (n=591)
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Median weight change
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n
Proportion of participants
(%)
o
R

* Objective: To assess weight and lipid changes over 48 weeks in phase 3 study with
pooled data from FLAIR, ATLAS, and ATLAS-2M (industry-sponsored)

 Median weight gain was 1.2 kg for both CAB and rilpivirine dosing arms (g4wk and
g8wk)

* Proportion with 210% increase in weight was similar across groups
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Lipid Changes with Long-Acting
Cabotegravir/Rilpivirine

Baseline and Change From Baseline at Week 48 in Lipid Parameters

Median lipid parameters at BL (solid bars) and median change (mmol/L) from BL (grey bars) at Week 48

ATLAS and FLAIR No ATLAS-2M
h
5 +0.1 c,:?\ge 505 9° 40,05
No
4 1 _0.1 change 4
No No
< 37 *+0.1¢change < 31 change
° °© No
E 2 No E 24 No change
£ +0.1 change change change E change 0.04 .0.04
g B | 1 N I |
0 0
TC HDL LDL TC/HDL TC HDL LDL TC/HDL
Q4W (n=591)  mWCAR (n-591) " Q8W (n=522) Q4w (n 523)

Objective: To assess changes in lipid parameters similar across treatment arms
* No significant difference in lipids

 Data demonstrate overall favorable metabolic profile of long-acting cabotegravir
and rilpivirine dosed every month or 2 months
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INSTIs and Metabolic Profile in
REPRIEVE

* Objective: To evaluate Oerence (RS wars versws non-¢ST) upers]
effects of INSTIs on weight ol v v
and clinically relevant o Weighted  Unweighted

1 H Al 1 145(103,188) 131(097 166]
cardiometabolic .
)
pa ra m ete rS Waist Crcumference
Al S S| 362|261, 464 375129, 45|
e Study design - L "
— REPRIEVE: multi-center CVD e —o—i 0.0190.96,092] 0.18[-0.67, 1.03
prevention trial 3 9,245
— N=4500 (1848 on INSTI) i Tt AR 088 (301, 1.25) 0.46(2.30.1.39
e INSTI use associated with: P
— Higher mean BMI (1.5 kg) _— T p— e —crvry
. v o o o nweighte
— Higher odds of obesity N e 163(139 191) 151(132. 73]
(63%) M'.l;bok Syndrome i ‘ . o e 7
— Higher waist circumference Fe = 12 1ee] 131006 11
. - ' . ‘

i Differences most o ~ o (—— 1.14[099.1.32) 1.10({0.98, 1.25
pronounced among . . :
females e T2

* INSTIs not associated with Odda ras OMST! maars versus nen-SiSTI wear

fasting glucose, LDL,
metabolic syndrome, HTN
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Newer ARVs and BMI Association

RE N
POND

ARV N (for ARVs, N refers to ever exposed; N not given for pre-ARV BMI as this is dependant on ARV, not person)
NRTI 4793 Lamivudine Reference
3864 Abacavir 0.94 (0.89, 0.99)
7214 Emtricitabine 0.93 (0.87, 0.99)
2346 Tenofovir alafenamide —— 1.43 (1.27, 1.60)
7180 Tenofovir disoproxil fumarate - 0.86 (0.81,0.91)
] 2080 Atazanavir 1.00 (0.92, 1.09)
2334 Darunavir 1.06 (0.97, 1.15)
NNRTI 2281 Efavirenz - 0.74 (0.68, 0.80)

403  Etravirine —_— 1.33 (1.09, 1.61)
1173 Nevirapine 0.91(0.82, 1.02)
1450 Rilpivirine 1.01 (0.89, 1.14)
INSTI 3167 Dolutegravir —_ 1.28 (1.18, 1.39)
1212 Elvitegravir 1.02 (0.89, 1.17)
1081 Raltegravir — 1.38 (1.21, 1.58)

Pre-ARV BMI NA  Underweight (<18.5) —- 2.10(1.91, 2.31)
Healthy (18.5-24.9) Reference
Overweight (25.0-29.9) - 0.74 (0.69, 0.78)
Obese (>30) - 0.61 (0.55, 0.69)
Ethnicity 10,984 White Reference
1414 Black —— 1.59 (1.45, 1.74)
207 Other 1.04 (0.91, 1.19)
Gender 10,948 Male Reference
3755 Female 1.06 (0.99, 1.14)

000 050 100 150 200 250

*  Objective: To assess factors associated with BMI increase following ARV initiation
*  Study design: RESPOND cohort, N=14703
*  Factors associated with >7% BMlI increase after ARV initiation:

— DTG, etravirine, raltegravir, and TAF independently

— Combined use of DTG and TAF (stronger association than with either alone)

— Low pre-ARV BMI

— Black race
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Potential Mechanism of INSTI-
Associated Weight Gain

* Study of metabolomic profiles from MACS/WIHS
showed changes in amino acid pathways
reflecting insulin resistance and in bioenergetic
pathways suggesting altered mitochondrial fuel

utilization and metabolic inflexibility after switch
to INSTI (Lahiri)

* INSTI exposure modifies adipocyte biology
related to weight gain (Pickering)

* INSTIs may interrupt adipose function via
inhibition of estrogen action (Kim)

Lahiri et al. vCROI 2021, abstract 512; Pickering et al. vCROI 2021, abstract 514; Kim et al. vCROI 2021, abstract 515



DM and INSTI Initiation

* Objective: To assess the risk of
new-onset diabetes and
hyperglycemia at 6 months in

PWH initiating INSTIs (o838 ot aiihfecta
e Study design: Primary Analysis
— Data from IBM MarketScan Any INSTI 122113, 1.32) —_
databases
— Adults with commercial G

insurance and Medicaid on ARVs Dolutegravir 1.47 (1.31,1.65) —
— Qutcomes ascertained by ICD

and CPT Codes Elvitegravir 1.20 (1.06, 1.34) ——
e Patients on INSTIs 22% more i . _.'_ .
likely to develop DM or 08 10 4

Hazard Ratio

hyperglycem 1a Adjusted for age, male gender, Elixhauser co-morbidities, gestational diabetes, pancreatitis,
° RlSk Of D M/hype rglycem ia pancreatitis malignancy, Hepatitis B & C, cardiovascular disease, hypoglycemia

greatest with DTG
— Not able to study bictegravir
* Not able to study TAF, but
effects likely attributable to

INSTIs since <5% were on
concurrent TAF
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INSTIs and CVD Risk

* Objective: To assess whether exposure to INSTIs is associated with
increased risk of CVD
e Study design:
— RESPOND, international collaboration of 17 cohorts

— Composite endpoint of MlI, stroke and invasive cardiovascular procedure;
adjudicated events

— N=21267 (46% exposed to INSTI)
— 517 CVD events, 4.9/1000 PY

e Sensitivity analyses:
— Interaction between INSTI exposure group and CVD
— Interaction between INSTI exposure group and age
— Excluded individuals with prior CVD

— Excluded invasive cardiovascular procedures from the composite CVD
endpoint

— Restricted time period to after 2016
e Could not specifically examine ART-naive

Neesgaard et al. vCROI 2021, abstract 488



INSTIs and CVD Risk

INSTI exposure time (months)
0 0-6 6-12 12-24 24 -36 >36

Figure A:

IR/1000 PYFU
3 N &
e
1

8
Crude incidence rates of CVD . .
stratified by INSTI exposure . : - { {
2
0
Persons at risk (n) 21267 9454 8314 7289 5148 2931
PYFU 83237 5423 4327 6576 4132 3175
Events (n) 363 58 24 43 17 12
IR [95% Confidence interval] 4.36 [3.92-4.83] 10.70 [8.12-13.83] 5.55([3.55-8.25] 6.54 [4.73-8.81] 4.11[2.40-6.59] 3.78 [1.95-6.60)

{
L]

Figure B:
Adjusted IR ratios of CVD
stratified by INSTI exposure

IRR

Increased
CVD risk
- ~
H—+—
—e—
v
-

Decreased
CVD risk

0.25
IRR [95% Confidence interval] reference 2.49 [1.86-3.23] 1.37[0.90-2.10) 1.60([1.15-2.24] 0.99[0.60-1.65] 0.87 [0.48-1.58]
Multivariable model adjusted for: Basedne: Calendar year, age, gender, athnicity, region, body mass index, HIV isition risk, status, CD4 count, hypertension, diabetes, prior AIDS,
cardiovascular disease, chronic kigney disease and dysli Jime-updated: status, 10 lopi A and abacavir use in the past 6 months

* |INSTI exposure associated with a 2.5-fold greater incidence
of CVD within first 6 months of exposure compared to no
exposure in adjusted analyses
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Context: AMI Incidence Increased with
Pls

nce per 1000 Person-Yr
o — ~N w S w o ~ oo O o

0 <l 1-2 2-3 3-4 4-5 5-6 6-7 >7
Exposure (yr)
Total

No. of Events 16 17 20 41 61 62 51 47 30 345
No. of Person-Yr 11,815 7105 9027 12,098 14,892 14,394 11,351 7935 5853 94,469

 D:A:D - prospective observational cohort of 33,347 patients
e Relative risk of AMI 1.16 per year ART exposure
* Pls but not NNRTIs conferred increased risk

e Cumulative exposure to indinavir (RR 1.12 per year) and lopinavir-
ritonavir (RR 1.13 per year) associated with increased risk of AMI

e No increased risk observed with atazanavir

Friis-Moller NEJM 2007.



Context: Darunavir and CVD Risk

Crude Incidence Rates of CVD per 1000 PYFU
Stratified by Cumulative Use of ATV/r and DRVI/r

,lllllll ,l”I]l]

20.0

w
&

10.0

& »n
=~

Incidence rate / 1000 PYFU (95% CI)

20 503 6.68 491 13.67
[4.69-5.37] [5.02-8.35] [4.59-5.23] [8.51-18.82]
1.0
ATV/r DRVIr
Cumulative years of exposure
0 01 1-2 2-3 34 45 56 >6 0 01 12 2-3 34 45 56 >6

* Increasing CVD risk with cumulative exposure to DRV/r but not ATV/r in multivariate models
*  59% increased risk CVD per 5 years exposure to boosted darunavir

*  Strength of association similar to that of IDV and LPV/r but not modified by dyslipidemia

*  Multiple sensitivity analyses performed with unchanged results

*  Suggests possible Pl class effect
— Atazanavir is exception: hyperbilirubinemia associated with decreased CVD risk
*  Clinical implications potentially significant = further studies likely

Ryom et al. Lancet HIV 2018; Marconi et al. JAHA 2018.



Context: Abacavir and MI Risk in the
NA-ACCORD

- N=8265 NA-ACCORD
participants HL_ﬂ“‘f
* Recent abacavir use in £
prior 6 months
associated with : |
increased risk of Ml o T
after adjustment for N e

known CVD risk factors o h
— Adjusted HR 1-84 —— Abacavir used within 6 months prior

Kaplan Meier estimates for time from ART
initiation to first myocardial infarction, by
recent (within the last 6 months) abacavir
use

Elion et al. JAIDS 2018.



Clinical Questions

Do you switch off an INSTI if a patient
experiences weight gain? If so, do you use a
threshold for weight gain?

How do you counsel patients starting INSTIs
regarding possible side effects including weight
gain?
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Pathophysiology of HIV-Associated CVD

ART DRUGS

DYSLIPIDEMIA

INFLAMMATION DIABETES

ACTIVATION HYPERTENSION
SMOKING

Early 2000s 2007-2008
CVD risk data ART data
o o o o o o o o
2006 2015

SMART trial START trial



Inflammation and HIV

Studies Linking Inflammation to Mortality Among HIV+

Systemic Inflammation
* |L-6Y7, hsCRPY5#, sTNFR-1%5, sTNFR-24

Coagulation
* D-dimer¥257 Fibrinogen®

Innate Immunity (Monocyte/Macrophage)
*  sCD14379

*+ sCD16310

Adaptive Immune response

* CD8+ T-cells: CD38+/HLA-DR+ °

* CD8+T cells: CD28-/CD57-11

* slL-2Ra (T-cells)?

* CXCL13 (B-cells)?

Kynurenine Metabolic Pathway (IDO)
*  K/T ratio >7

Mucosal Integrity
* Zonulin,’ IFABPS

Slide courtesy of Jason Baker

INFLAMMATION

v |IL-6/CRP
v sCD14
v
7

D-dimer
K/T ratio

Mortality
* Non-AIDS death

* AIDS death

Hunt et. al. JID 2014,210,1228
Byakwaga et. al. JID 2014;210:383
Lee et al. JID 2017,215:1270

Tien et. al. JAIDS 2010,55:316

9. Sandler et. al. JID 2011;203:780
10. Knudsen et al, JID 2016

11. Lee, JID, 2014

REFERENCES:

1. Kuller et. al. PLoS Med 2008;5:¢203

2. Ledwaba et. al. PLoS One 2012;7:€24243
3. Wada et al. CID 2016, 63:984

4. Tenorio et. al. JID 2014;210:1248

® N ;

*  Many pathways may be involved in HIV-related comorbidities and may be targets for intervention

* Do mechanisms for HIV-related CVD and other complications extend beyond traditional risk factors
and beyond inflammation/immune dysregulation?

Sereti. Abstract 13. CROI 20109.



Proteins as Predictors of Mortality in
HIV

* Do other mechanisms beyond
inflammation/coagulation impact risk of comorbidities
and mortality in HIV?

* |n general population, protein-based scores improve
CVD risk prediction

e Large scale proteomics studies are scarce in HIV

* Obijectives:

— Use large scale proteomics to identify novel protein
biomarkers associated with mortality in HIV

— Compare associations of novel proteins with those of HIV-
related factors, inflammation and coagulation markers to
mortality

Hsue et al. vCROI 2021, abstract 99



Proteins as Predictors of Mortality in

HIV

Stud design

— VACS BC cohort

— 1525 HIV veterans, 97% men
Multiple proteins strongly
associated with mortality in
prediction models

— After allowed to complete with
age, CD4 and VL

— After allowed to compete with IL-6,
d-dimer, and sCD14

Risk score based on 10 proteins
had good discrimination

Proteins have varied biologic
function

Many proteins have known
therapeutic targets

Hsue et al. vCROI 2021, abstract 99

Top Ten Prognostic Proteins for Mortality Among HIV+ Individuals in VACS

Known
Protein name HR Pvalue Qalue Biological Function Therapeutic

Target
EGF contaiing Fibulin-fke Extracellular 278 1.76e-45 | 3.89e-42 | Cell adhesion, migration, growth
Matrix Protein 1
Sushi, WFType A, EGF andpentraxin | 5 o, | gge 35| 230332 | celladhesion
domain-containing protein 1
N-acetylglucosamine-1-

. . 14e- 7.88E- X
phasphotransferase subunit garma 399 2.14e-33 88E-31 Carbohydrate phosphory!ation, lysosomal targeting
Follstatin ke 3 237 QA41E31 | 265618 Antagonist to TGF-B superfamily ligands; body composition,
islet cell function

Monocyte differentiation antigen CD14, 260 211030 | 518028 Immunity Yes
soluble
WAP four-disulfide core domain protein 1 | 2.12 1.34e-29 | 2.95e-27 | Cell growth
Hepatitis A virus cellular receptor 2 234 1.88e-29 3.22e-27 Immunity Yes
Epidermal growth factor receptor 0.161 9.73e-34 | 537e-31 | Cell growth, differentiation Yes
Histone lysine N-methytransferase SET 0.161 1.33e-33 | 5.80e-31 | Histone methylation Yes
Vitamin K-dependent protein C 0.295 201e-30 | 5.18e-28 | Blood coagulation Yes

_ C-statistic Training Set (95%Cl) | C-statistic Testing Test (95%CI)

0.71(0.65,0.77)

Proteins only

Proteins competing with age,

CD4 count, CD4 nadir, HIV RNA

0.71(0.65,0.77)

0.69 (0.56, 0.79)

0.69 (0.56, 0.79)




Role of Protein Biomarkers in CVD Risk
Prediction

* Objective: To use proteomics to
identify protein biomarkers that
discriminate between CVD cases and

controls in HIV Above median group

— Non-traditional risk factors such as has a higher risk for CVD
proteins may enhance CVD risk
prediction in HIV

e Study design
— Data from 4 INSIGHT clinical trials 2

p < 0.0001
— QOutcome: MI, coronary
revascularization, stroke
* Developed protein score from 8 Below median group
proteins has a lower risk for CVD

e AUC changed from 0.69 to 0.73 when
protein score was added to model

— Could not adjust for smoking

* Patients with protein score above the
median were three times more likely
to develop CVD

Safo et al. vCROI 2021, abstract 492



Inflammation in REPRIEVE

Objective: To assess
association of inflammatory
biomarkers with coronary
plague

Study design

— Mechanistic substudy of
REPRIEVE, a large international

trial of statins for primary
prevention in HIV

— N=755
Plague increases with
predicted ASCVD risk

Inflammatory biomarkers
associated with plaque in
adjusted models

Grinspoon et al. vCROI 2021, abstract 494

Plaque burden Stenosis CAC score NCP burden Vulnerable plaque | Leaman score
100 — e - T
%0
R
g
5w
]
§ 50
w
g "
E
?“ | |
<2.5% <S% <ISK Al QSN <SX <ISK ANl 25K <SN <IS% Al 2SN <% <7 Al
Severe
23 plaques Moderate 101-400 23INC 22 features Leaman >5
1:2 plaues Mid 100 | [ 12ne 1 feature Leaman 15
o B optgue B e Mo o5 Mlonc Bl otexres Bl om0
Multivariate Model 3***
aOR 95%C1 p-value
Biomarker*
MCP-1 1.10 1.00-1.21 0.047
IL-6 1.06 1.01-1.11 0.025
LpPLA2 1.18 1.09 -1.26 <0.001
oxLDL 1.07 0.97-1.18 0.176
ASCVD risk 1.16 1.10-1.22 <0.001
Total ART Use
duration (years)
<5 Base
5-10 0.84 0.51-1.37 0.478
>10 1.03 0.65 - 1.62 0.904
CD4
<350 Base
350-499 0.83 0.49 - 1.42 0.504
2500 0.97 0.60 - 1.57 0.906
Nadir CD4
<50 Base
50-199 0.62 0.40 - 0.96 0.033
200-349 0.72 0.45-1.14 0.160
2350 0.69 0.40-1.16 0.163
Unknown 0.54 0.21-1.40 0.204




Biological Profiles and CAD

* Objective: Is there an
inflammatory profile associated
with CAD in HIV?

e Study design:

— HIV UPBEAT cohort: prospective
longitudinal cohort

— HIV without CAD and propensity
score matched controls

— N=51 HIV, 50 controls

— CT angiography to assess for
subclinical atherosclerosis

e Studied 28 protein biomarkers to
reflect pathways

e Studied 10 T cell immunological
markers

McGettrick et al, vCROI 2021, abstract 100

Protein Biomarkers

Coagulation
sCD40L D-dimer LBP
sP-sel I-FABP
Endothelial function |GG
sICAM-1 E-selectin hsCRP ILARA
sVCAM-1 vWF IL-6 TNF
Innate immune activation IFN IL1 beta
sCD14 MCP1 TNF R 1/11
sCD163 MIP1 alpha Immune regulation
Thi IL-10 TSLP
IL-18 IL-2 IL-4
IL-12 IFN

| Lp-PLA2 \




Biological Profiles and CAD

* 36% had subclinical

atherosclerosis
“Adhad fo VSt o e 3 distinct inflammatory
Any coronary plaque Unadjuste Adjusted . . .
. aoaipen e Amfm s clusters/biological profiles
bster ‘ - 2.18(0.68,7.04) 2.50(0.76, 8.38) Identifled
cluster Lo AP ppa—— — Cluster llI: higher systemic
cluster Ii * 106(0.14,6.00) 0.95 (0.12, 5.50) inflammation
et ‘ : f10(02 sy 192028078 — Clusters Il and I1l strongly
cluster Il _ 877(177,652) 10.9(2.12,83.5) aSSOCIated Wlth partlally
Calcified plaque Calcified plaque
cluster Il - 2.30(0.88,6.29) 2.86(1.00,8.78)
cluster Il ' 159(0.45,5.37) 1.74(0.49,6.01) ° HIV did not alter the
0.3 1.0 3.0 10.0 30.0

et (o s association between
g inflammatory profile and
plague
— Suggests that inflammatory
profiles rather than additional

effect of HIV are driving risk
of subclinical atherosclerosis

McGettrick et al, vCROI 2021, abstract 100



Sex Differences in Inflammation and
Vascular Events

* Objective: To investigate
— Immunologic predictors of vascular events

— How sex affects immune activation and its
relationship to clinical outcomes

e Study design:
— CNICS: large multicenter cohort

— Case cohort study

— Sampled cases of type 1 and type 2 MI, ischemic
stroke, and VTE

— N=979 virally suppressed at least 1 year

Schnittman et al. vCROI 2021, abstract 98



Sex Differences in Inflammation and
Vascular Events

Distinct biomarkers predict distinct events

“P<0.05 <“P<0.01 *** P<0.001
Type 1 MI Type 2 MI Mortality
CRP g = CRP CRP D—o——
IL-6 3 . IL-6 : - IL-6 i
1L-18+ s IL-18 5 - 1L-18 ——
LBP 3 * LBP : hd LBP ——
sCD14 - SCD14 c ex SCD14 Pt
KT Ratio+ H * KT Ratio+ : e KT Ratio ——
IP-10 . IP-10 L IP-10+ ——
sCD1634 > sCD1634 3 * sCD1634 P ——
SUPAR 4 5 - SUPAR - e SUPAR Po——t
ICAM-1+ : ICAM-1 H bl ICAM-1 ;i
STNFR1 3 Lol STNFR1+ 3 e STNFR1+ ot
STNFR2 k * STNFR2 : s STNFR2 o
CMV IgG i . CMV IgG - CMV IgG | ——
T T T T 1

0 1 2 3 4 5 0 1 3 4 5 0 1 2 3 4 5
Adjusted HR (95% CI) (per cohort IQR) Adjusted HR (95% CI) (per cohort IQR) Adjusted HR (95% CI) (per cohort IQR)

CRP- - CRP H
4 : 6 H Follow-u
IL-6 : IL-6 : Event % A P, Y
1L-18- - 1L-18 - (Median)
LBP{ ¢ LBP : -
sCD14+ - sCD14+ -
KT Ratio— - KT Ratio - Type 1 MI 3.8
IP-10+ - IP-104 -
sCD163 - sCD163 ; Type 2 MI 3.9
SUPAR : SUPAR i a
ICAM-1 - ICAM-1+ ; Mortality 5.4
STNFR1+ . STNFR1 j v
STNFR2+ - STNFR2 - :
oWV 156 : oMV 156 ] : ” Ischemic Stroke 3.4
0 1 3 4 o 1 3 VTE 37
Adjusted HR (95% CI) (per cohort IQR) Adjusted HR (95% CI) (per cohort IQR)

Models adjusted for: age, natal sex, IDU history, ASCVD score, nadir CD4

6 Inflammation, Sex, and Vascutar Events

* Distinct biomarkers predict distinct all cause events = implications for intervention

— Type 2 Ml and mortality: all pathways
— Type 1 Ml: generalized inflammation, microbial translocation, kynurenine pathway, CMV

— VTE: generalized inflammation, microbial translocation, CMV

Schnittman et al. vCROI 2021, abstract 98



Sex Differences in Inflammation and
Vascular Events

Women have higher levels of inflammation

higher in women higher in age >47
CMV 1gG

CMV IgG+
sTNFR2
sTNFR1
ICAM-1+
suPAR-
sCD163+
IP-10+

KT Ratio '

sCD14 ' * CMV IgG

STNFR2 -«

LBP i & STNFR1

ICAM-1
1L-18 . SUPAR
- S|
IL-6 C i IP-10+
CRPH ' KT Ratio={+
t sCD14
LBP

0

Adjusted Mean-Fold Difference
Women vs Men

(per IQR) & .
*P<0.05 **P<0.01 *** P<0.001 Adjusted Mean-Fold Difference

Age >47 vs <47
*P for interaction < 0.10 (per IQR)
Models adjusted for: age, natal sex, race/ethnicity, smoking, HCV, IDU history, ASCVD score, nadir CD4, CNICS site

Inflammation, Sex, and Vascular Events

* Levels of inflammation are higher in women

 Men and women have higher biomarkers after age 47 (cohort median and
surrogate for menopause)

* Women have larger relative increases in biomarkers after age 47
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Sex Differences in Inflammation and
Vascular Events

COMPLICATIONS OF HIV AND COVID-19

Press ‘ 1o exit full screen

Sex may modify the inflammation-event association

Composite Events (T2MI and Death) Ischemic Stroke
CMV IgG Poom 1 CMV IgG - 4 CMV IgG
STNFR2 D : STNFR2
- STNFR1+

f———— ICAM-1
: — : suPAR
;. ——— — sCD163
; —— 1P-10 : 1P-10
—_— KT Ratio= . KT Ratio

—_—

CMV IgG = 3 o CMV IgG
STNFR2 : ] STNFR2
STNFR1 3 o STNFR1 4

ICAM-14 : + ICAM-1=
suPAR : sl suPAR
sCD163 : + sCD163

1P-10 3 1P-10 : 1P-10

KT Ratio = H KT Ratio = — KT Ratio o

sCD14+ S D : CD14 -

L] I T T 1 T 1 )
0.5 1 4 8 16 0.1250.25 0.5 1 4 8 16 32 0.5
Adjusted HR (95% CI) per cohort IQR Adjusted HR (95% CI) per cohort IQR Adjusted HR (95% CI) per cohort IQR

® Men (79 Events) ®m Women (22 Events) ® Men (23 Events) = \Women (7 Events) e Men(63Events) = Women (17 Events)
"P for interaction < 0.10

Models adjusted for: ASCVD risk score

8 Inflammation, Sex, and Vascutar Events

1l ) 20200

. In women with HIV, immune activation is both higher and more strongly associated with vascular events
—  Effect modification by sex differs depending on the outcome

—  For composite of Type 1 Ml and death, for increase in any biomarker, the hazard of incident event is higher in women (in red on
the top)

—  For VTE, increase in biomarkers is associated with a higher hazard of the outcome in men than women
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Clinical Questions

What is your approach to CVD risk stratification
in PLWH?

Should novel risk factors be incorporated into
CVD risk stratification in HIV?



Cardiovascular and Metabolic Complications
CROI 2021

* Adverse effects of ART
— Weight gain
— Metabolic effects
— CVD outcomes

 Novel risk factors for CVD

— Proteomics
— Inflammation

* Epidemiology of aging and comorbidities

Cross-cutting themes:
Effects of age, race, sex, and geographic setting on the diagnosis,
treatment, and prevention of aging-related complications of HIV



Multimorbidity and Aging

* Objective: To assess how the multimorbidity burden
will grow as PWH on ART age in the next decade

— The proportion of PWH >65 almost doubled 2013-2017
e Study design
— PEARL simulation model

— Tool for projecting aging, multimorbidity, and
polypharmacy in HIV

— Aggregate data from CDC surveillance and NA-ACCORD
— Simulation starts in 2009 and projects to year 2030

* Projects increase in ART users with median age 50 in
2020 to 53 in 2030
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Multimorbidity and Aging

800,000
4
o
0
S 600,000
&
<
[Te.
o
& 400,000
2
E
3
2
200,000

mmm 0 Physical Comorbidities
M 1 Physical Comorbiditity
2+ Physical Comorbidities

2010 2015 2020 2025 2030

Year

*  Multimorbidity burden predicted to grow over time and differs by age and subgroup
*  30% with >1 comorbidity in 2020 vs. 36% in 2030
* 17% increase in Hispanic men who inject drugs and 24% increase in Hispanic women
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Impact of HIV on Age-Related

Comorbidities
* Objective: To assess the
differential impact of HIV on Prevalent Comorbidity Burden by HIV
burden of non-AIDS comorbidities s°’°3t:““s' Sex, and A9°“G'°“P
in women versus men o ik —
e Study design .l ll
— MACS/WIHS combined cohort 501 III 2
 Comorbidity burden higher in 251
— PWH g0
— Advancing age :130. -l
™Tm
« Effect of HIV on comorbidity *
burden persisted in adjusted
analyses s FAPF PP PP
* HIV and sex-specific screening Age group, years

and prevention strategies needed

for non-AIDS comorbidities S

0 1 2 3 4 25

(number of NACM)
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Infectious and Noncommunicable
Diseases in Rural South Africa

Objective: To study population
prevalence of HIV, TB, elevated blood
glucose, and elevated blood pressure
in KwaZulu-Natal
Study design:

— N=17118 (11618 women)

— Used mobile health camps

Prevalence of diagnosed and
uncontrolled elevated glucose and BP
increased with age
— HIV well controlled but elevated blood
glucose and BP poorly controlled
Multimorbidity increased with age
and at an earlier age for women

Distribution of noncommunicable
diseases does not overlap with HIV
age distribution

Public health response should
expand on successes of HIV testing
and treatment to provide
noncommunicable disease care
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CVD Risk Factor Management

* Objective: To assess whether successful management of CVD risk
factors reduces excess CVD risk

e Study design
— Kaiser Permanente Northern California HIV cohort
— N=8285, 90% men
— Frequency-matched controls

* Disease management index

— Measure of how effectively a condition is managed that incorporates
time and level of control

— DMI 100% = perfect control
— DMI 0.81 = blood pressure that was in control for 81% of person time

e Assessed association of HIV status on DMI

— Similar dyslipidemia, HTN, and diabetes control by HIV status
— Slightly worse TG and better A1C control for HIV
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CVD Risk Factor Management

No history of risk factor Hypertension
31 31
2 2] + 191
+ 126 + 1.29
L D DR LR EEEEEE LR R e AR B L CEREEEE,
o 075 0.75
"(G No history of hypertension, 100% 80% 80%
Y dyslipidemia, or diabetes (SBP) (DBP)
T Dyslipidemia Diabetes
© ] i
N 3 3
©
o 2 2
131
1.21 1.24
P *—-1-‘-0 ----------- } --------------- + --------------- + L PR S * 102+ - mmm e mmemmmcaoas * ------------------
0.75 0.75
100% 80% 80% 80% 100% 80%
(LDL) (TG) (TC) (HbA1c)

Level of control of risk factor

. Assessed association of HIV status on CVD, stratified by level of risk factor control
. For patients with no history of HTN, dyslipidemia, or diabetes, 26% increased risk CVD in HIV vs. non-HIV
. For patients with dyslipidemia or diabetes and perfect control, risk of CVD was no different by HIV status
. For patients with HTN and perfect control, CVD risk was elevated by 35% in those with HIV vs. non-HIV

—  For those with inadequate HTN control, CVD risk was elevated by 91% in those with HIV vs. non-HIV
. Raises question whether more aggressive BP targets are needed for HIV
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Clinical Questions

What challenges are you facing as your patients
living with HIV age?

Will care delivery models need to be changed to
care for patients with more comorbidities who
are aging with HIV? How will care models
depend on the clinical setting?



Summary and Implications

Weight gain and associated metabolic abnormalities
have increasingly been shown to be associated with
INSTIs and TAF

Inflammation plays a key role in HIV-related CVD

— Interplay of traditional and novel CVD risk factors

— Possibility of additional factors beyond inflammation

— Optimal strategies to reduce chronic inflammation in
treated and suppressed patients are still being defined

Implementation research is needed to provide
guideline-concordant CVD care

Durable and early HIV treatment may help achieve
both the US plan to end the epidemic and the
reduction of non-communicable disease complications
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Outline

1. New data about oral tenofovir-based PrEP

2. Long-acting PrEP formulations in various stages of
development
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New data about oral
tenofovir-based PrEP




réveni Study Design

ANRS
http://prevenir.anrs.fr/

Open-Label Prospective Cohort Study in the Paris Region

September 30, 2020
n > 3,000 May 2 2017 P i

l TDF/FTC
« HIV-negative high risk adults Da"y

* Inconsistent Condom use
+ eGFR > 50 mL/mn

» HbS Ag negative if On Demand TDF/FTC

Participants opted for either Daily or On Demand PrEP and could switch regimen

Follow-up every 3 months with 4th Gen ELISA HIV test and plasma creatinine

STI screening at physician’s discretion (Guidelines recommend every 3 months in MSM)

Condoms, gels, risk reduction and adherence counseling, Q on sexual behavior




révenir | Baseline Characteri

Characteristics (Median, IQR) or (n, %) Daily On Demand P-value
N=1544 N=1515
(50.5%) (49.5%)
Age (years) 35 (28 - 43) 36 (30 —44) <.0001
MSM 1511 (97.9) 1503 (99.2) 0.0002
Heterosexual men or women 20 (1.3) 11 (0.7)
Transgender 13 (0.8) 1(0.1)
2-year university degree or more 1086 (83.8) 1126 (87.8) 0.0033
Employed 1101 (85.2) 1106 (86.4) 0.3620
History of PrEP use 843 (54.6) 868 (57.3) 0.1333
Use of Chemsex* 223 (14.4) 203 (13.4) 0.4045
No. condomless sex acts in prior 4 weeks 2(0-6) 2(0-4) <.0001
No. sexual partners in prior 3 months 12 (6 - 25) 10 (5 - 15) <.0001

* at last sexual intercourse : cocaine, GHB, MDMA, mephedrone..




18
P révenir HIV Incidence n

Global HIV Incidence: 0.11/100 PY (95% CI: 0.04-0.23) (6 cases)

Mean Follow-up of 22.1 months and 5633 Person-Years
Rate of study discontinuation: 14.4/100 PY

Follow-Up HIV Incidence IRR
Treatment Pts-years per 100 Pts-years (95%Cl)
(95% Cl)

TDF/FTC Daily 2583.25 0.12(0.02-0.34) 0.99
TDF/FTC On Demand 2553.68 0.12(0.02-0.34) (0.13-7.38)

361 HIV-infections averted*

* assuming an incidence of 6.6/100 PY as observed in the Placebo group of the ANRS Ipergay study




The adverse event profiles did not favor
on-demand dosing.

* Drug-related adverse events significantly less common with daily versus on-
demand dosing (IRR 0.78 [0.63-0.97])

* Driven by more gastrointestinal side effects with on-demand use (generally
mild)

* But, more grade 1 or 2 ALT elevations with daily dosing (IRR 1.21 [1.07-1.37])

* No differences in nephrotoxicity

When will on-demand dosing gain acceptance?

Do you use on-demand dosing for patients? If so, in what scenarios?




Many switched from TDF/FTC to
TAF/FTC after the latter’s FDA approval.

* 36% of new PrEP users after 10/3/2019
started TAF/FTC

* 29% of TDF/FTC users switched to TAF/FTC

* Switchers more likely to be older, male, living
in the Midwest, South, or West compared to
the Northeast

* Switchers less likely to have cash or “other”
payers compared to public insurance

How many of these were driven by medical
considerations versus the need to maintain
DAP access?




PrEP/early ART during acute HIV affect
HIV diagnostic testing.

AHI at PrEP |n|t|at|on |n PrEP 15 at the

5/8 identified by (+) pooled Qualitative
HIV RNA test (Aptima)

3/8 identified by (+) serology at 1-3
month visit (Quant HIV RNA (+) pre-
PreP)

\

6 enrolled in the AHI cohort




Table: Clinical and diagnostic test results from 6 Thai MSM who started PrEP during acute HIV infection.
xG=x generation HIV antibody test, Gn= Geenius, [_|=nonreactive, [JJ=reactive, ND=not done

P_;&Mﬂri:i #days | HIV V%%EQ ;PT.Q\}?RT E[%'&RT Week0 | Week 24 Week 48
on PrEP \diagnosig (cps/ml) | (cells/uL) | 2G| 3G|4G | 2G| 3G | 4G |2G | 3G | 4G|Gn
3145 7 | NAAT | 16,780 | 216 685 | M ]| ][]~ N OO
4634 2 | NAAT | 219 2,317 528 OOO OO O~ OO
5803 | 29 Ab 58 37222 | 302 | MU M W[ ~x N H O
6313 | 9 Ab | 223,361 | 389 690 |l WM ] W W[ ~ N O[O
6934 2 | NAAT| 32 276 739 000000000 0
7167 15 | NAAT | 317 8,802 521 CJOJC] | W [N N0 ND [

WB = Indeterminate or NEG at all time points in all participants




Long-acting PrEP




Islatravir as a long-acting pill or implant

Monthly oral dose of ISL 60 mg is expected to maintain systemic 56 mg implant projected to lead to concentrations
ISL-TP concentrations above the PK threshold above threshold for 52 weeks

Interim Observed (Blue) Mean (+SD) ISL-TP overlaid on Population PK Model Simulated (Shaded)
Median (95% PI) ISL-TP Concentrations Following ISL 60 mg QM

=)
T
T

Projected ISL-TP with
2.5th and 97 5th percentiles

} Mean (SD) Observed ISL-TP Data

=
T
—.—
—e—
1

3
t

PK threshold : 0.05 pmol / 10° PBMC cells

S
o
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I
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t
e
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—.—
——
o
.
1
ISL-TP Concentration (pmol/million cells)

0 4 8 12 16 20 24 28
. Note: Blue dots and error bars represent observed Interim
Time (Weeks) analysis data from an ongoing Protocol 016 Phase2a trial'
haron Hillier et al HIVR4P 2021, OAQ4.05L8

oot sandard caaon o1 Proloc0 016 iarm o5 dala: Proviosh bt Popisuon P ol o 1S, was ovoraged o epaon P Silatons (GROL 2020, Ao 460, e e B erorbars * 56 mg implant projected to release adequate ISL-TP (above the PK
threshold) for almost all individuals for >52 weeks




Higher-dose DPV rings provide superior
DPV levels over 13 weeks.

Phase 1 randomized trial with 3 arms:
o 25 mg DPV ring replaced every 4-5 weeks

° 100 mg DPV ring worn for 13 weeks
° 200 mg DPV ring worn for 13 weeks

Population: 49 HIV-uninfected people assighed female sex at birth

Outcomes: Safety, DPV concentrations in plasma and cervicovaginal fluid, residual drug in rings,
acceptability

Results:
o Safety: Most AEs mild to moderate and not different among the arms
o Acceptability:
o Participants liked the rings more than male condoms

o Acceptability was highest for the 25 mg (monthly) ring




Geometric mean DPV concentrations in &
plasma and cervicovaginal fluid

Will the higher-dose rings

_ - .
z 5 be more effective?
g £
z : g
0 « y, i ' & — o
© L * R Q-
g - { ‘ * % - r}‘ L - | . [
o f ) i‘ ' P—— {
& & 3 g 8 & § & & & - “
Visit Visit
Arm 25mg DPVVR + 100 mg DPV VR = 200 mg DPV VR Arm - 25mgDPVVR - 100 mg DPV VR = 200 mg DPV VR

* Geometric mean T, ,, ranged from 16-25 days in plasma and 1-7 days in CVF

* Decrease in DPV concentrations 4 hours after ring removal was comparable

across arms, in both plasma and CVF :




Compared to oral PrEP, CAB-LA is worth
more, but not much more.

Sensitivity analysis: PrEP drug prices

Tenofovir-based Cost-saving
PrEP annual price,
2020usp 12000 -

P
Maximum price premium = $11,600 — $8,300 = $3,300

\QQ/QL Not cost-effective

4,000
6,000 10,000 14,000 18,000 22,000 26,000 30,000

CAB-LA annual price, 2020 USD




Scenario analyses

Scenario

Resistance due to CAB-LA

HIV diagnostic testing sensitivity and costs
in CAB-LA

Among a population of all potential
MSM/TGW PreP users at lower risk for HIV

Impact on CAB-LA price
premium

Maximum price
premium, 2020 USD

$3,100

$3,300 - $3,400

$1,000




Detailed analysis of HIV infections in
HPTN 083

E| HPTN 083 Study Design ]
— HIV Incidence: CAB vs. TDF/FTC

Screening day

and informed

= Every day for 5 Weeks 5 and 9 Every 2 months for approximat
consent weeks 5 ye'zrs PEIEXmAEY, BYeceviillyeer HIV Incidence Hazard Ratio (95% Cl)
| \, E 39 Infections
« f N —] | I Favors CAB
TOF/FTC g 1 1.22
8
! TOF | ]
[ ] %
(Every day) g 12 Infections
3 T
g
s 0.37
| v, ! z 1
e ' B : '
& 3204 PY
w TOFIFTC
= [ |
(Every day) Cl, confidence interval
TOF/FTC pill ——/ /@M Cabotegravir (CAB) injection Placebo for TOF/FTC pill —iam#|  Placebo for cabotegravir (CAB)
injection(20% Intralipid solution)
« Cabotegravir (CAB) pill Placebo for cabotegravir (CAB) pill

Landovitz RJ et al. AIDS 2020, #OAXLB01




=U 12 Incident, 4 baseline Infections: Cabotegravir
:; :& Resistance Analysis:
:: :::Hg] A (HIV positive at enroliment): 1 of 4 with Q148K and E138K

B1 78% Pt et s 2
B2 ? %

B3100% s

B (HIV during pharmacokinetic tail): 0 of 4 with INSTI resistance

63 | 69 || 69 7 3
[ E £

—__ 7777777777777 . . .
B4 95% it ettt 117 121 C (HIV during oral lead-in phase): 2 of 3 with Q148R
B5 3%&5 44.9
1.3,
C1 96% B3’IH] 4 !
C2 98% Pl = %[ Percent adherence to oral lead-in

T cag LA GO0 mg M

D Open-label TDF/FTC dispensed

:‘ HIV-infectios

* First site p -

D4 90%

80w 90w 100w




Note:
- Initial drop in cabotegravir concentrations

Delay between RNA and antibody positivity

'HPTN

- Low viral loads
Ag/AD test - - - - - - - -
Qualitative RNA test - > »oss ww - - - - - - v we + 4+ + +
Confirmatory Ab test 4 -+
Viral load 130 87 <40 ND ND
163 LA
D1~ et oo
Suppressed on boosted-P| ART
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«—— # ——> Weeks between first HIV positive visit and the first site positive test

The shaded area represents time on ART.




=V Note:
' - Transient reversion of positive
antibody/antigen test
- Virologic suppression without 3-drug ART

Ag/AD test - - - = - e add = - 4 + +
Qualitative RNA test - - e e - - - - - + -+ ceea = - - + +
Confirmatory Ab test - - IND IND - IND
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4—— # —> Weeks between first HIV positive visit and the first site positive test

The shaded area represents time on ART.
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K103N ' R263K
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~ A Cautionary Tale

-_
p———
INSTI:
G140, Q148R
Ag/ADb test . - - = ++ + - -
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Summary

* On-demand TDF/FTC remains effective for MSM but is not
necessarily safer than daily TDF/FTC.

* HIV diagnostic algorithms may need updated in the setting of PrEP,
especially long-acting PrEP.

* Soon, multiple agents — including monthly pills, yearly implants, and
long-acting injections — may be available for PrEP.







Prevalence of PrEP Use

Overall

MSM with rectal Ct/GC
MSM with syphilis

Study Patients (N=744) MSM with urethral GC

- = - - . Women with GC/syphilis
MSM with MSM with MSM with MSM with Women with

rectal CT/GC syphilis urethral GC co-infections GC/syphilis

15 - 24 years
n=331(45%) n=122 (16%) n=85(11%) n=97 (13%) _ n=109 (15%) 25 - 34 years
35 -44 years

1/3 of people with a confirmed STI at Sexual Health Clinics were taking
PrEP.

Drug levels match self-reported PrEP use in this population.

I history (past 12 months
Yes 32% 27% 25% 28% 15%
No 68% 73% 75% 72% 85%
* Low: <10% below FPL; medium: 10-<20% below FPL: high: 20-<30 below FPL; very high: >30% below FPL

19 PrEP not detected in sera

191
PrEP detected In sera
50 PrEP detected in sera

Selt-reported PrEP use (N=210 Seif-reported no PrEP use (N=4286)




Results

Examined the following factors in
bivariate analyses:

Age

Race/ethnicity
Neighborhood poverty level
Number of sex partners
(past 3 months)

Any partners living with HIV
infection (past 6 months)
Condom use

Prior bacterial STI

(last 12 months)

Prior HIV post-exposure
prophylaxis use

Factors significant at p<.05 included in multivariable
models adjusted for race/ethnicity and age

Ages 24-34 vs. 15-24

Ages 35-44 vs. 15-24

Ages 45+ vs. 15-24

Black vs. White race/ethnicity
Hispanic vs. White race/ethnicity
Other vs. White race/ethnicity
No. partners: 3-5 vs. <=2

No. partners: 6-10 vs. <=2

No. partners: 10+ vs. <=2
Partners with HIV infection

Inconsistent/no condom use

Correlates of PrEP use

2.0 3.0

Adjusted Prevalence Ratios




Prescription Approved Prescription Picked Up Prescription Delayed or Abandoned

HIV Diagnosis
1,049 patients (2.2%) were
»| diagnosed with HIV within
365 days of their index

prescription

Picked Up
47,831 patients
(80.8%) picked up
their prescription

Delayed HIV Diagnosis
7 i 4
2,344 patients (20.6%) FGRRUEHC {2 RIS LE
" Hiled thelr prescrition »| diagnosed with HIV within
Prescriptions S P P 365 days of their index
Approved it 20 ae prescription
59,219 patients — — —
prescribed TDF/FTC

for use as PrEP Very Delayed

962 patients (8.4%) filled
a prescription in 90 to
365 days

HIV Diagnosis
461 patients (5.7%) were
diagnosed with HIV within
365 days of their index
prescription

Reversed
11,388 patients
(19.2%) did not

pick up their
prescription

Abandoned
8,082 patients (71.0%)
did not fill a prescription
within 365 days

v

Patients newly prescribed PrEP in 2016-2019, followed for up to one year




