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Current concepts in the prevention of CHD



Coronary Artery Disease (CAD) Testing

« Cardiovascular disease is the world's biggest killer

THE ASSUMPTION

Heart attacks are more likely to occur in patients with significant

coronary artery stenoses

CCTAatACS

50%

31%

No CAD = Non-obstructive CAD = Significant stenosis

Hoffmann et al, JACC 2009

Stenosis severity prior to ACS

65%

Stenosis <50% ®50-70% Stenosis ®70%< Stenosis

Chang et al, JACC 2018

>50% of heart attacks occur in people with
coronary artery stenoses

Many patients at risk by current tests

that rely on detecting luminal stenosis

First presentation is often Ml or



Inflammation in atherogenesis and plaque rupture

Normal > Coronary > ACS

Artery stenosis
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Inflammation in atherogenesis and plaque rupture

Normal > Coronary > ACS

Artery stenosis
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Discrepancies in cardiovascular diagnostics: The elephant in the room

Normal Narrowed Blocked
> —_—>

Artery Artery

Artery

Stress echo Stress CMR



Most Coronary plaques don’t cause heart attacks

Normal ) Narrowed
Artery

Artery




“Minor” plaques cause many heart attacks

Blocked
Artery

Severity of Coronary Angiographic Lesions Before Myocardial Infarction

% Diameter Stenosis of Lesion
Before MI, No. of Patients

Study No. of Interval Between First and <50% 50%-T5% >75%
Patients Second Angiograms, mo
L L
1 = - - alledvascularinflammation!
etal

og 2 » .« = joninthe coronaries, we would:
rmation
I:‘:‘I:eel a8 24 36 15 7 Cks

Hackett 10 21 9 1

o

Moiseet 116 a9 17 66 a3
a|14
Webster 30 55 16 10 1 | th |
il therapy!
Total 329 30.2 162 106 61

(49%) (32%) (19%)

Fishbein et al. Circulation. 1996;94:2662-2666

*Refers to progression to total occlusion with or without myocardial infarction (MI).



Detecting the vulnerable plaques could help prevent heart attacks



The challenge:
to detect the unstable plaques 2 unstable patient

Strategy #1
Detecting downstream myocardial damage



Unstable plaques cause minor downstream myocardial damage,
even at rest!

(High-sensitivity troponin 1)

Plaque burden >70% thin-cap fibroatheroma
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Patients (n = 99) with stable CAD undergoing PCI + IVUS-VH

Brown Al et al. JACC Cardiovasc Imaging. 2017;10(10)



Cumulative Incidence (%)

Predictive value of baseline hs-cTnl for future events

Myocardial infarction or CHD death

20% -

15% -

10% o

5% A
0% - P<0.001
5 10 15

Time (Years)

Cumulative Incidence (%)

Cardiovascular death
20% -
15% =
10% =
5% =
0% - P<0.001
] ] 1 ]
0 5 10 15

Time (Years)

Baseline troponin by quarters

—— Quarter1 <3.1ng/L
—— Quarter2  3.1-3.9ng/L
= Quarter3 4.0-5.1ng/L
- Quarter4 =5.2ng/L

Cumulative Incidence (%)

Non-cardiovascular death

20% A

15% A

10% H

5% A

0% A

P=0.890

0 5 10 15

Time (Years)

WOSCOPS trial. ] Am Coll Cardiol 2016,68:2719-28



Sensitivity

Beyond troponin: Cardiac myosin-binding protein C (cMyC)

v'novel biomarker of
cardiac injury

. =~ == ¥'serum concentration
i rises and falls more
rapidly than TnT and

Tnl

1.004

0904

0.75 4

* cMyC at presentation provides discriminatory power

Biomarker

— o comparable to hs-cTnT and hs-cTnl in the diagnosis

0.50 4 hs-cTnT

—— hs-cTnl Of A M l

w—-cTnl*

* may perform favourably in patients presenting early
Excellent discrimination for diagnosis

e after symptom onset
0.00 AUC: 0.924 (95% Cl, 0.910-0.939)

000 0.10 025 0.50 075 090  1.00
1 - Specificity

Kaier TE et al. Circulation. 2017;136.



Strategy #2
Detecting the vulnerable patient by studying
coronary plague characteristics



Vulnerable plaques have distinct histopathological characteristics

s 10 e
e - b o -

Narula, Virmani et al. Nature Rev. Cardiology 2013



Intra-plague hemorrhage and plaque vulnerability

Necrotic Core Area (mm?)

Glycophorin A

Kolodgie NEJM 2003 0



Natural-History Study of Coronary Atherosclerosis

After ACS and stenting (PCl) major adverse cardiovascular events are equally attributable to recurrence at
the site of culprit lesions (CL) and to nonculprit lesions (NCL).

Cumulative Rate of Major Adverse
Cardiovascular Events (%)

No. at Risk

All patients

Patients with CL-related events
Patients with NCL-related events
Patients with indeterminate events

100+

80

60—

40

20+

697
697
697
697

25+
20 All events 20.4%
154
ClL-related events 12.9%
11.6%
10- %
NCL-related events
27 Indeterminat t
ndeterminate events 2.7%
O— T T T T T T T 1
0 2 3
T T T T T T 1
2 3
557 506 480
590 543 518
595 553 521
634 604 583

Stone P et al NEJM 2011



Studying plaque characteristics by invasive intracoronary imaging

Intravascular ultrasound (IVUS) Optical coherence tomography (OCT)

Stone P et al NEJM 2011



Studying plaque characteristics by invasive intracoronary imaging

20+

B Present [l Absent

16.4

—
(9]
|

Rate of Major Adverse Cardiovascular
Events (%)
=
|

0-
TCFA (all) TCFA+MLA <4 mm? TCFA+PB =270% TCFA+PB =270%+
MLA =4 mm?
Lesion hazard ratio (95% Cl) 3.90 (2.25-6.76) 6.55 (3.43-12.51) 10.83 (5.55-21.10) 11.05 (4.39-27.82)
P value <0.001 <0.001 <0.001 <0.001
Prevalence (%) 46.7 15.9 10.1 4.2

But invasive imaging in not suitable as a screening strategy to detect patients at risk

Stone G et al NEJM 2011



Studying plaque characteristics by computed tomography




The prognostic value of coronary calcium on cardiovascular CT

The Multiethnic Study of Atherosclerosis (MESA) study (6000 + subjects)
Risk of Coronary Heart Disease 12,5+ .
Coronary-artery calcium score
, HR for model without HR for model with CACS > — >300
Risk factor v e Pvalue . Pvalue © — 101-300
CACS (95% CT) (95% CTy £ 10.0
g — 1-100
Age- 130(121-141) <0001 1.08 (0.99-1.17) 0.09 S —ih)
[l
- ] i 3 o
Male sex 221(1.60-306) <0001 148 (1.06-2.05) 0.02 SF 75
Systolic blood S
THOUCDIOOGHIESIE  y 10(103-118) 0003 108 (101-115) 0.03 T
(mmHg)~ o s
£33 5.0
Use of blood pressure : P -
_ o 161(121-2.15) 0001 137(1.03-182) 0.03 g
lowering medication -
Total cholesterol } g 2.5+
107(103-1.11) 0001 1.05(1.01-1.10) 0.01 £
(mg/dl= (]
High-density li i e s
SO EPOPOIEIR gy 072001 <0.001 084 (0.75-0.94) 0002 0.0 2 " T T T T T ' ‘
cholesterol (me/dl)~ 0.0 1.0 2.0 3.0 4.0 5.0
Current smoker 191(125-201) 0003 154 (1.00-2.35) 0.05 Yoars 1o Event
CACS (tCAC+ ) A@Irsh <o Polonsky et al. JAMA. 2010 303(16): 1610-1616
HR denotes hazard ratio. CACS coronary artery calcivm score, and CT confidence interval Detrano et al. NEJM. 2008, 358:1336-1345

But........ calcium is a sign of stable plaques!
Reflects irreversible changes in the anatomy of vascular wall
Cannot regress with treatment that lowers inflammation



Structural characteristics of the vulnerable plagque in CTA

The vulnerable plaque

pid rich
; W ecrotic cor
2 T % g, NG - - TN
TABLE 3 Multivariable Logistic Regression Analysis for the Prediction of ACS -
Positive remodeling

Using Clinical Predictors and Coronary CTA Assessment

Model 1* Model 21 Model 3} ]
OR OR OR I
(95% CI) p Value (95% CI) p Value (95% 1) p Value ‘
Age 1.1 0.003 1.0 0.539 1.0 0.870 ‘
(1.0-1.1) (1.0-1.1) (0.9-1.1) RR11.1
Female 0.2 <0.001 03 0.020 0.4 0.104
(0.1-0.4) (0.1-0.8) (0.1-1.2)
Number of risk 1.4 0.056 1.4 0.124 13 0.278 _,
factors§ (1.0-1.8) (0.9-2.2) (0.8-2.0) :
Stenosis =50% n7z <0.001 386 <0.001 ‘
(27.1-189.9) (14.2-104.7) ‘
. . " RR8.2
High-risk plague 89 0.006 | AnyHigh
(1.8-43.3) Risk Plaque
Feature Present
*Clinical predictors were age, sex, and number of cardiovascular risk factors (diabetes mellitus, hypertension, =
dyslipidemia, smoking status, and family history of premature CAD). tClinical predictors were those in model
1 plus stenosis =50%. #Clinical predictors were those in model 2 plus high-risk plague. §Number of risk RR32.0
factors = number of cardiovascular risk factors (diabetes mellitus, hypertension, dyslipidemia, smoking status,
and family history of premature CAD). RR 8.2
MICAT-II trial
RR37.2 |

Van Velzen et al. J Nucl Cardiol. 2011;18(5): 893—-903
Hecht et al. JACC Cardiovasc Imaging. 2015;8(11)

Puchner et al. JACC. 2014;64(7):684—692.



CTA plaque characteristics and risk of subsequent ACS events

ACS 0-12 mo ACS 13-24 mo No ACS in 24mo p
Remodeling Index 131.245.1 120.845.9 113.411.6 .005
(percent) (120.9-141.4) (109.1-132.6) (110.3-116.6)
Total plaque volume 166.5+17.8 92.8+20.4 58.1+5.5 <.001
(mm3) (131.1-201.9) (52.1-133.6) (47.1-69.1)
LAP volume 30.51+4.1 6.914.8 1.241.3 <.001
(mm3) (22.3-38.8) (-2.6-16.4) (-1.3-3.8)
LAP area 4.740.5 1.2+0.6 0.5+0.2 <.001
(mm?) (3.6-5.7) (-6.6-2.4) (0.2-0.9)
LAP/plaque area 31.514.5 8.115.2 7.8x1.4 <.001
(percent) (22.5-40.4) (-2.2-18.4) (5.0-10.5)

Motoyama, Narula et al. JACC 2009




Strategy #3
Detecting the vulnerable patient by quantifying
systemic inflammation:
how specific can we be?



Detecting systemic inflammation to identify the high-risk patient

Probability of Event-free Survival

C-FReactive Protein
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Years of Follow-up
CRP as a risk factor for adverse cardiovascular events

Ridker PM et al. NEJM. 2002;347.



P-value

effect of
biomarker

HR (95%Cl)

Q1 as
reference

level

4 5 67
Higher risk

3

Lower risk

Events

of
patients (%/3 yr)

IL-6 as a predictor of CV events

Number

Outcome IL6 (ng/L)
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Inhibition of IL-1b to prevent CV events

Residual Inflammatory Risk 39 Countries
(hsCRP > 2 mg/L) April 2011 - June 2017

1490 Primary Events

éANTO Stable CAD (post MI) N = 10,061

Canakinu

Randomized Randomized Randomized Randomized
Canakinumab 50 mg Canakinumab 150 mg Canakinumab 300 mg Placebo
SC q 3 months SC q 3 months SC q 3 months SC g 3 months

I Primary Endpoint: Nonfatal Ml, Nonfatal Stroke, Cardiovascular Death (MACE) I

I Secondary Endpoint: MACE plus Unstable Angina Requiring Urgent Revascularization (MACE+)

“Residual Inflammatory Risk”
Baseline LDLC 82mg/dL (2.1mmol/L) but hsCRP 4.1 mg/L

Ridker PM et al. N Engl J Med. 2017;377:1119-31



Cumulative Incidence (%)

0.05 0.10 015 0.20 025

0.00

Inhibition of IL-1b to prevent CV events

CANTOS: Primary Cardiovascular Endpoints

——— Placebo SC g 3 months

—— Canakinumab 150/300 mg SC q 3 months

MACE

HR 0.85
95%Cl 0.76-0.96
P =0.007

1 2 3 < 5

Follow-up Years

Cumulative Incidence (%)

MACE - Plus

HR 0.83

95%Cl1 0.74-0.92

P = 0.0006 /*"

Follow-up Years

35 - 40% reductions in hsCRP and IL-6
No change in LDLC

Ridker PM et al. N Engl J Med. 2017;377:1119-31



Cumulative Incidence

0.05 0.10 0.15 0.20 0.25

0.00

Inhibition of IL-1b to prevent CV events

CANTOS: Greater Risk Reduction Among Those
With Greater hsCRP Reduction (MACE)

HR (95% ClI) P
= Placebo 1.0 (ref) (ref)
On-treatment hsCRP: 2 2.0 mg/L 0.95 (0.81, 1.09) 0.48
- On-treatment hsCRP: < 2.0 mg/L 0.75 (0.66, 0.85) <0.0001

Placebo
4 On-treatment hsCRP > 2mg/L

/
w,

~+ On-treatment hsCRP < 2mg/L

MACE

25% reduction in risk for those achieving hsCRP < 2 mg/L

5 % reduction in risk for those achieving hsCRP 2 2 mg/L
(No change in LDL cholesterol)

o —
L=

0 1 2 3
Follow-up (years)

Ridker et al Lancet 2018;391:319-328



The problem with plasma biomarkers of inflammation

PROVE-IT IMPROVE-IT

14%

B Residual Inflammatory Risk  [Jlij Residual Cholesterol Risk

hsCRP > 2 mg/L hsCRP < 2 mg/L hsCRP > 2 mg/L hsCRP < 2 mg/L
LDLC < 70 mg/dL LDLC > 70 mg/dL LDLC > 70 mg/dL LDLC < 70 mg/dL

Ridker. Circulation Res 2017;120:617-9



Strategy #4
Detecting the vulnerable patient by quantifying
coronary inflammation



Using novel PET-CT radiotracers to detect unstable plaques

TABLE 1 A Summary of Agents and Their Potential Mechanisms of Uptake Applicable to
Vascular inflammation Imaging

Agent (Ref. #) Potential Mechanism of Uptake

BF-FLT (62) Structural analogue of thymidine, images DNA synthesis within
atheroma

TC-PKINGS (63) Affinity for translocator protein, upregulated on infllmmatory
cells

F-AB5380 (64) Binds arterial nicotinic acetylcholine receptors, possibly related
to vascular damage

*F-choline (65) Images increased cell wall synthesis within atheroma

®8Ga-DOTA-octreotate (60)

®4Cu-ATSM (66)
BE-MISO (67)
®8Ga-NOTA-RGD (68)

$4Cu-DOTA-CANF (69)
*F-FDG

*®f_sodium fluoride (59)

Affinity for somatostatin receptors, which are highly expressed
on macrophages

Trapped within cells in hypoxic state

Trapped within cells in hypoxic state

Images neocangiogenesis as a result of hypoxia or chronic
inflammation

Images necangiogenesis via natriuretic peptide receptor
affinity

A glucose analogue imaging increased metabolic rate in the
presence of inflammation and hypoxia

Images active calcification as a result of necrosis or
inflammation

®8Ga-CXCR4 (70) Images CXCR4 receptor expressed by inflammatory cells
®f-florbetapen (61) Imaging f-amyloid plague as a component of inflammation
"C-PK1195 = "C-(2<chlorophenyl)-N-methyl-N<{1-methylpropyl)-3-isoquinolinecarboxamide; A85380 =

3-([2S)-azetidinylmethoxy)pyridine  dihydrochloride; ATSM =  diacetyl-bis( N-methylthiosemicarbazone;

CXCR4 = C-XL chemokine receptor type 4; DOTA-CANF = 14 7,10-tetraazacydododecane-14,7,10 tetraacetic
acid atrial natriuretic factor; FDG = fluorodeoxyglucose; FLT = fluorothymidine; MISO = fluoromisonidazole;
NOTA-RGD = 1,4,7-triazzacyclononane-N,N' N’ -triacetic acd arginine-glycine-aspartate.

Joshi et al. Lancet 2014, 383: 705-13



Using novel PET-CT radiotracers to detect unstable plaques

68Ga-DOTATATE: somatostatin receptor subtype-2 (SST2)-binding PET tracer

68Ga-DOTATATE detects culprit coronary lesions

culprit
= (lesion

- -

« _ 7 bystande
lesion

| 8Ga-DOTATATE J 8Ga-DOTATATE
PR ROC
6 —_— —_ 6 150
v
o o
4 4 100 -
£ s o £
-3 [ L~ 1. = |
& P S e i 2 2 f
E 2 L T € s0d I Aucoss,
s iny E & P=0.0006
0 0 0
» Culprit Culp d Culp o} 50 100
+ Non-culprit + Stable stented + Non-culprit 100% - Specificity%

But PET-CT - high costs, limited availability, high radiation

Tarkin JM et al. JACC 2017;69(14).



The challenge remains
How to identify:

a) The vulnerable “healthy” individual who will develop
atheroma

b) The vulnerable “healthy” individual who has minor
atheroma at risk for ACS

c) The vulnerable patient with advanced disease, who
despite optimum treatment remains at risk for ACS
(due to rupture of either significant or “minor” plaques)




Perivascular fat and the vascular wall:
The concept of “inside to outside” signalling

Classic approach (outside to inside signals) New approach (inside to outside signals)

Antonopoulos A et al; Obes Rev. 2009;10:269-79 Margaritis et al; Circulation 2013;127:2209-21

AT sensing: includes processes

that could affect adipogenesis!
Antonopoulos A et al Diabetes 2015 64:2207-19




How can vascular inflammation affect PVAT adipogenesis?

Hypothesis:

Shift in tissue CT attenuati
Small adipocytes
Less lipophilic phase
More aqueous phase

Large adipocytes
More lipophilic phase
Less aqueous phase

N
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¢
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&

Gradient in Fat cell size

Antonopoulos A et al. Science Translational Medicine 2017



Perivascular fat: sensor of coronary inflammation
A new CT imaging analysis technology

UK Intellectual Property Office, ref. 1414496.8, August 2014

High FAI

-657
-701 FAI (HU)
-75

-804

-85

FAl in PVAT (HU)

v’ 902 CABG pa\tlents ® Healthy coronaries
v' 4273 CTAs (CAD, ACS, “healthy” coronaries) _90® Coronary artery disease

T T T T T T T T 1
1 3 5 7 9 11 13 15 17 19

Antonopoulos A, Sanna F et al. Science Translational Medicine 2017 pjstance from RCA outer wall (mm)



Can FAl,,,; track coronary inflammation and its resolution post AMI

" = >
.'E c ! "“g >
aQ § | ——
=R
o= 1 -
Acute Ml - 0.8 Sensitivity: 90%
E ‘ Z 06 Specificity: 85%
2 g =
32 G 0.4
c 9 o
o &
| 2 0.2 1 AUC (95% ClI):
- 0. 0.91 (0.80-1.00), P<0.001
| B 0 02 04 06 08 1
Stable CAD 1-specificity
T Fai (HU)
-190 -122 -71 -54 -30
—— Stable CAD/stable plaques P=NS
-a- AMI /stable plaques 801 pc0.05 —|—
—-o— AMI /unstable plaques
£ 15 P<0.001 5 -85
— = 101 I
ZE z 1
< n =
5 X -5 £ -95;
5 -10- 4 4
215 prox_prox. mid dist. dist. -100-

baseline 5 weeks baseline 5 weeks

5mm lesion 5mm MI Stable CAD

Antonopoulos A, Sanna F et al. Science Tansl Med 2017



Applying FAI Analysis as a new dimension of routine CTA

FAI (HU)

.......

Science,
Translational
Medicine

AYAAAS

Antonopoulos A, Sanna F et al. Science Translational Medicine 2017



Comparative performance of

Predictive performance of commonly used biomarkers for
cardiovascular risk stratification

clinical risk models - | +

Plasma inflammatory biomarkers - | ++
Arterial FDG - I ++
Myocardial injury - ] ++
CCS -+ ++

CCTA + ! +H+

CCTAYHRP - . E— i+

CCTA+HRP+FAI - I +++

0.5 O.fli U.I7 D.I8 0._‘1-) 1.0
Predictive performance Level of
(c-index) adjustment

Antoniades C, Antonopoulos A, Deanfield J EHJ 2019



Cardiac mortality (%)

Cardiac mortality (%)

100

10%

7.5%

5%

0%

FAI Accurately Predicts Future Heart Attack Risk

European Cohort
®  High FAI

Low FAI

i,

20 40 60 80 100
Time post CCTA (months)

B High FAl urp ves

High FAl ure no r ngh
FAIl

Low FAI uge ves

Low FAI ure \:4’_'—,—‘

I [
2.5 5 7.5

Time post CCTA (years)

100

12

10

Proportion With Fatal/Non-Fatal Ml (%)

USA Cohort
High FAI

Low FAI

5.0% 4

4.0% A

3.0% +

2.0% +

24 48 72 96
Time post CCTA (months)

SCOT-HEART

* Log-rank P < 0.0001

Time (Years)

CRISP-CT Study Design !

4000 participants from Europe and US
Up to 10 years follow up

CRISP-CT Findings

Abnormal FAI associated with a

higher risk for
higher risk for

After adjusting for all conventional risk factors
smoking, age, diabetes, high cholesterol)

(e.g.,

FAIl is more predictive of future heart attacks than
high-risk plaque (HRP) features 2

Findings confirmed in SCOT-HEART using
uncorrected perivascular attenuation (PCAT) 3

1. Lancet 2018;392:929-39
2. JAm Coll Cardiol 2020; 76 (6) 755-757
3. JAm Coll Cardiol Img. 2022, 15 (6) 1078-1088



FAI tracks Dynamic Changes in Response to Treatments

Changes of FAI in psoriasis patients  Changes of FAI with Treatment
jologics

ﬁ Cardiac mortality
Subgroup No pts Adj. Hazard Ratio (95% Cl) . -
Post-CCTA initiation of aspirin and orstatini Wlth treatment dEC|S|On based on
No 999 D —— 18-71 (2:01-174-04) .
Yes 758 ™ E— 2.97 (0-46-19-35) CClfglone:
Unknown 115 —— 3-62 (1-02-12-78) A A
A tonether - o 04(3.35.20.4] for patients with

— T T T high FAI left untreated

—— —_—
Favours high FAlp,r (2-70-1 HU) 025 1 4 16 64 256 pouqursiow FAlpyar (<-70-1 HU)

Oikonomou et al. Lancet 2018

-50

P=NS P<0.001 IR -— B - B
T . P<0.001 - ..
,50 T
= -60.00+ T
B 1
Z -70 |
= L I
5 -
2 o o0
| = |
W - by
= E o]
-90 A 1 °© 1
o] -¢0.00- 1 | =y e
-100 T T T T
Baseline 1 Year Baseline 1 Year Baseline 1 Year
No Systemic or Anti-TNF-a Anti-1L-12/23 100.00° T T T
Biologic Treatment Therapy or IL-17 Therapy Calcified plaque Mixed plaque Noncalcified

plaque

Elnabawi Y ....Mehta N; JAMA Cardiol 2019 Dai et al et al. Int J Cardiol 2020



Combination of HRP and PVAT imaging by CT for enhanced risk stratification

High-risk plaque features

‘ : 4
"
LAP SC Ap + PR

8"
= 6.6
- i —
oo .
< =
£ 5 .
= E,) 1.8
- = 1.0
S
S0

HRP-  HRP* HRP- HRP*
Low FAI High FAl

Antoniades C, Antonopoulos A, Deanfield J EHJ 2019



What does FAI add beyond the current state of the art?

- 94,821 relevant studies screened - 93 studies eligible (n=351,628 individuals)

Plasma biomarkers

Study size (x 103)

1.0
40 20 5
0.9
< 0.8
0.7
0.6
Biomarker CRP IL-6 TNF-a cTnl/T
Studies, n 39 14 2 44
Population, n 170,674 45,549 3,354 112,288
AUC 0.726 0.727 0.861 0.748

Biomarker Size A(AUC%) [95%CI] MACEs + all-cause
CRP 170,214 0.8 [0.3;1.3] BE mortality
IL6 45549 1.7 [0.7;2.7] |3
TNF-a 3,354 2.3 [-1.3;59] €=
cTnl/T 112,288 2.3  [1.3;3.3] i
PET/CT 545 4.0 [-4.4;12.4] ;
CT-HRP 14,191 10.5 [8.0;13.0] | —
CT-HRP+PVAT 5,487 16.5 [3.9;29.2] | =
|
Overall 351,628 2.9 [2.1; 3.6] 4
Q=67.7, p=1.18 x 1012 |—— : : .
0 5 10 15 20
A [AUC]%
Biomarker Size A(AUC%)[95%Cl] MACEs only
CRP 141,348 0.9 [0.3;1.5] E“
IL6 39,322 17 [07;27] [E|
TNF-a 3,035 23 [1.3;59] 4 e
cTnl/T 80,770 1.4 [0.7;2.1] Ei
PET/CT 545 4.0 [-4.4;12.4] | g
CT-HRP 10,933 10.8 [8.1;13.5] I —
CT-HRP+PVAT 5,487 16.5 [3.9;29.2] | &
|
I
Overall 281,440 2.9 [2.1; 3.8] *
Q=54.8, p=4.9 x 1010 - | | |
0 5 10 15 20

Antonopoulos AS et al. JACC Imaging 2021
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Clinical approaches to the non-invasive detection of vascular inflammation

Plasma markers Myocardial miRNA CTA plaque Hybrid Perivascular
of Inflammation Injury biomarkers profiling phenotyping PET imaging FAl mapping

X

Diagnosis ¥ -Poorly associated with  -Index of plaque -More studies -Indirect, anatomical  -High sensitivity -Fat senses
vascular inflammation Instability, measuring needed markers of plagque for vascular vascular
downstream effects Inflammation inflammation inflammation
of rupture
Prognosis# -Independently -Independently -More studies -High specificity -Studies needed -Pra?ictive of .
predict CV events predict CV events needed -Independently cardiac mortality

predict CV events

Limitations -Poor specificity for -Measuring plaque -Poor specificity -Operator dependent -Limited availability = -Standardization
vascular inflammation rupture events -Analytical issues -Anatomy assessment -Radiation exposure -Complex analysis
-Cost-effectiveness -Expensive -Not widely available
Strengths -Easy to measure -Easy to measure -Highly sensitive -Wide availability -Disease activity -Specific for vascular
-Population screening -Population screening -Population screening -Prognostic value -High sensitivity inflammation
-Inexpensive -Inexpensive -Wide screening -Risk reclassification ~ -Good specificity -Hardware agnostic

-Prognostic value
-Risk reclassification

Antoniades C, Antonopoulos A, Deanfield J EHJ 2019



Non-invasive detection of the vulnerable patient

* Need to dissociate the degree of stenosis from the risk of future events

* The unstable plaque is the inflamed one, and it is not necessarily large!

* Search for the vulnerable patients includes:
-Plasma biomarkers of
myocardial injury (cTnl, cMyC) -
inflammation (e.g. hsCRP, ....) } Specificity issues
-Imaging biomarkers
PET-CT (NaF, ...)
CTA (Plague morphology)
CTA-FAI (vascular inflammation, +/- plaque)

Quantification of coronary inflammation by newer imaging methods such as PET, CTA and
CT imaging of PVAT may help detect the vulnerable patients at risk for plaque rupture
events




CASE A

CASE B

How Do We Identify High Risk Patients?

Male (age 52y old) with typical chest pain
LDL=1.12mmol/L (atorvastatin 10mg OD)
Hypertensive (candesartan, amlodipine)

Ex smoker (stopped 2 years ago)

Overweight BMI 26.5Kg/m?

No ischaemia, no stenosis, minor calcification

The patient died from a fatal heart attack (proximal LAD)
35 months later....

Male (age 63y old) with typical chest pain

LDL=2.2mmol/L (atorvastatin 40mg OD)

Hypertensive (amlodipine, indapamide)

Ex smoker (stopped 9 years ago)

Obese BMI 31.5Kg/m?

DM on metformin HbA1c=6.7%

No ischaemia, no stenosis, extensive plaque,incl low attenuation
plague

Follow up 11 years, no event throughout



Perivascular FAI: a “Sensor” of Vascular Inflammation

Margaritis & Antonopoulos et al; Circulation 2013;127:2209-21
Antonopoulos et al; Diabetes 2015; 112:213-222
Antonopoulos et al; Circ Res 2016;118(5):842-55
Antonopoulos et al., Science Translational Medicine 2017
Oikonomou & Antoniades. Nature Rev Cardiol 2018

Vascular wall PVAT Vascular wall PVAT

Vascular wall PVAT

Moderate Severe
Inflammation Inflammation

FAl FAl
<190HU | +30HU -190HU N +30HU

Braunwald’s Heart Disease 12t Edition® Elsevier Publishing 2021

Analysis performed on routine CTCA, as part of clinical practice



CaRi-Heart®

A CE-Marked Medical Device for Evaluation of Coronary Inflammation and Prediction of Future Cardiac Events

CaRi-Heart® Coronary Inflammation and Risk Report @a riStO

R, +441865 950720 O support@caristo.com

| N b ' » Unadjusted, visual representation of the extent of coronary
= =1 = inflammation in the 3 main epicardial coronary arteries
cotets ooy fanmatin ndi ot Caristo :
e i . » Individualised quantification of coronary inflammation in the 3 main
| e epicardial coronary arteries, adjusted for age and gender
o o g * Percentile value represents the patient’s relative risk
.i 12.7 ,5‘ * Can be viewed as a measure of disease activity

» The absolute risk of a fatal cardiac event within the next 8 years,
based on the personalised FAI-Score values, coronary atherosclerotic plaque
burden and clinical risk factors

Caristo Diagnostics Ltd © 2022

SELBBSISBRIEIPYA-039Y-1AS0-L69)L LS N

Patient ID: Sample 3 Page1of3 Caristo Diagnostics Ltd © 2022



Use of pericoronary FAl in clinical practice

Clinically-Indicated CCTA
I

v v v
No CAD Minor CAD Obstructive CAD
| l +/- Revasclularisation

Absolute Risk CaRi-Heart® Risk*

|
v v

Current clinical <5% >5% and < 10%

gu Idel ! nes—based Lifestvle changes Start or intensify treatment Consider additional treatments
management v & (e.g. statins) (e.g. colchicine)

/

* 8-year risk of cardiac death : incorporates personalised FAI-Score with clinical risk factors, demographics, and plaque burden Oikonomou EK & Antonopoulos AS et al. Cardiovasc Res 2021



Measuring FAI-Score Identifies High Risk Patients

CASE A
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9 9 o
83 33 8
q g g4 g
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20 30 40 20 30 40 20 30 a0
Age (years) Age (years) Age (years)
Vessel FAl-Score Percentile of Coron r Age and Gender
Left Anterior Descending Artery 2.7 93rd percentile
Left Circumflex Artery 3.0 99th percentile
Right Coronary Artery 4 7.7 99th percentile
LAD LCX RCA
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Vessel FAl-Score Percentile of Corongaoe o r Age and Gender
Left Anterior Descending Artery a.2 I 6th percentile §
Left Circumflex Artery 6.3 I 12th percentile §
Right Coronary Artery 7.9 | 48th percentile §
| | | |

CaRi-Heart’ Risk (8y risk for cardiac death: 9.8%




|II

“Normal” Coronary Arteries but at high-Risk

History Management based on Conventional CCTA
* 56-year-old female e Lifestyle measures

* Non-diabetic, normotensive
« LDL 66 mg/dL Management after CaRi-Heart® Report

« Pooled Cohort Equation: 2.3% * Atorvastatin 40mg daily

LAD LCx

50th
ok

RS 2
B, R

&b
N ' ' &
< 9o §
sl v 3.8
9 9 08 ~ O%
93rd Percentile Within 8 years (5

This represents the weighted Fat Attenuation Index (FAI) Risk of a fatal cardiac event if left untreated, based on
of the coronary artery with the highest degree of the FAI-Score values, the coronary atherosclerotic plaque
inflammation. burden and the clinical risk factors.
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g | £ s0 ) o s g,
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= 25| =— e
- : , i : ; ol — ; v
50 60 70 50 60 70 50 60 70
Age (years) Age (years) Age (years)
Vessel FAI-Score Percentile of Coronary Inflammation for Age and Gender
Left Anterior Descending Artery 6.6 83rd percentile
Left Circumflex Artery 5.6 76th percentile

Right Coronary Artery | 9.8 | 93rd percentile




“High-Risk” Plaque But Low Risk Patient

History Management based on Conventional CCTA
e 71-year-old female e ?Increase atorvastatin dose

* Non-diabetic, normotensive

« LDL 64 mg/dL Management after CaRi-Heart® Report
 Pooled Cohort Equation: 15.9% * Atorvastatin dose unchanged

e Atorvastatin 20mg daily

LCx

%
5 ‘ ¢
& 108 % 1.4
. 2 L%
48th Percentile Within 8 years

This represents the weighted Fat Attenuation Index (FAI) Risk of a fatal cardiac event if left untreated, based on
of the coronary artery with the highest degree of the FAI-Score values, the coronary atherosclerotic plaque
inflammation. burden and the clinical risk factors.
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Age (years) Age (years) Age (years)
Vessel FAIl-Score Percentile of Coronary Inflammation for Age and Gender
Left Anterior Descending Artery 9.0 37th percentile
Left Circumflex Artery 10.8 48th percentile

Right Coronary Artery 6.3 30th percentile




Low Risk Patients Despite Extensive Disease

e 76-year-old male Management based on Conventional CCTA
* Hypertensive, non-diabetic e ?Increase atorvastatin dose

 LDL73 mg/dL

 Pooled Cohort Equation: 14.7% Management after CaRi-Heart® Report

* Atorvastatin 10mg daily * Atorvastatin dose unchanged

e CCS=768
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70g,
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& ¥ v
7.4 3.4
v . . Ao,
11th Percentile Within 8 years
This represents the weighted Fat Attenuation Index (FAI) Risk of a fatal cardiac event if left untreated, based on
of the coronary artery with the highest degree of the FAI-Score values, the coronary atherosclerotic plaque
inflammation. burden and the clinical risk factors.
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Left Anterior Descending Artery 6.7 17th percentile
Left Circumflex Artery 7.4 11th percentile

Right Coronary Artery 4.5 12th percentile




|dentifying High Risk Patients Despite Minor Disease

56-year-old female
Non-diabetic, normotensive
LDL 68 mg/dL

Pooled Cohort Equation: 7.9%
Atorvastatin 10mg daily

LAD LCx RCA

Management based on Conventional CCTA
* No change in current treatment

Outcome

e Patient died from anterior M| 33 months after
CCTA

o 70g
& > .
2, R

& 43 % 81.6,
. 99th Percentile " Within 8 years ’ ‘

This represents the weighted Fat Attenuation Index (FAI) Risk of a fatal cardiac event if left untreated, based on
of the coronary artery with the highest degree of the FAI-Score values, the coronary atherosclerotic plaque
inflammation. burden and the clinical risk factors.
80
Percentil /
—— 90th / 50 /- . i a
— 60 Ly G s /
) ! = A 260
g 25t G40 V4 S 2
= 10th o / = B P4 €
£40] o Potenx £ 30 ¥ £ a0 b4
b P @ / 3 e
3 P ol 2 R -l
200 -~ s L 201 .~
10
v - ’ ¥ - J 1}
70 80 90 70 80 90 70 80 90
Age (years) Age (years) Age (years)
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Left Anterior Descending Artery 44.9 97th percentile
Left Circumflex Artery 32.5 94th percentile

Right Coronary Artery 74.3 99th percentile



CTCA: an One-Stop-Shop for

Enhanced Diagnostics

40% 40% 5% 15%
Anatomically
No plaque Minor plaque Equivocal plaque significant
stenoses

-~

1

FFRcT: haemodynamic
significance of equivocal or minor
plagues to guide revascularization

Anatomical assessment
of stenoses

]l

Al-based evaluation of coronary artery/plaque inflammatory burden
(FAI and FRP)

Plague composition ]

—

CTCA

v" Guiding revascularization
procedures

v Risk stratification

v Guiding prevention
treatments

v’ Saving costs

v Reducing procedural risks
Ultimately better quality,
patient-friendly, healthcare

Coronary Diagnostics

Improved Risk Stratification

T f-'\"({/

Patient’s risk factors
and demographics

Personalised

Features extraction from Continuous upgrade and

algorithm re-training

computed tomography images
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Antonopoulos AS et al. Eur J Prev Cardiology 2021
Antoniades & West; Eur Heart J 2021



Questions ?
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