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Shifting Focus to Vulnerable Plaque

Obstructive CAD Non-obstructive CAD
Focus Non-invasive Focus

Imaging & Drugs

Atheroma is the new
target

Blockages limit blood
flow

Visualize high-risk Reduce inflammation in
plaque arteries
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1996 EDITORIAL

Heart Attacks: Gone with the Century?

This issue of Science highlights the progress and promise of research in cardiovascular disease,
the most frequent cause of death in men over age 35 and women over age 635 in the Unired
States. Heart attacks were recognized as a public health problem only in this century. They
are likely to lose this notoriety early in the next. The reason? Four decades of progress in
understanding cholesterol and the lipoproteins that carry it in blood plasma.

Atherosclerosis begins when plasma lipoproteins of intermediate and low density
(here called LDL) are deposited in artery walls. Evidence for the causative role of LDL comes
from three sources. (i) Experimental: Animals with low levels of LDL have no atherosclero-
sis, and manipalarions thar raise LDL universally cause the disease. (it) Epidemiologic: Hu
man populations with low LDL levels have very little atherosclerosis; the disease increases in
proportion to LDL in all populations studied. (i11) Genertic: Mutations that impair the recep
tor-mediated removal of LDL from plasma cause fulminant atherosclerosis. The final (thera-
peutic) line of evidence has now been supplied by three clinical trials, all completed in the
past 18 months.

All three trials used drugs called statins, which inhibit 3-hydroxy-3-methyl glutaryl
CoA reductase, a key enzyme of cholesterol synthesis. Statins slow cholesterol production
and enhance receptor-mediated removal of LDL from plasma, The three studies followed
15,198 people for 5 years. The studies from Scandinavia (4S)* and from North America
(CARE) enlisted patients with coronary disease. The study from Scotland} enrolled
asymptomatic individuals with high cholesterol. All studies vielded similar resules: Plasma
levels of LDL fell by 26 to 35% and heart attacks declined by 25 to 31%. In the 4S study,
hearr atzack deaths were reduced by 42% and deaths from all causes fell by 30%. We believe
that the results would be even more striking if cholesterol were lowered further and earlier.

The 4S and CARE studies found that coronary events were reduced in patients with

“normal” plasma cholesterol levels around 210 mg/dl. This is not surprising, as a cholesterol ¢

level of 210 mg/dl, which is near the median in the United States and Europe, is above the
90th percentile for the human species worldwide. Individuals with such levels who develop
atherosclerosis have arteries that are unusually susceptible to LDL. As cholesterol rises above
210 mg/dl, the incidence of atherosclerosis increases; and at very high levels, atherosclerosis
is rampant even when patients are not especially susceptible.

Well-documented susceptibility factors include smoking, hypertension, diabetes, a li
poprotein called Lp(a), and low levels of high density lipoproteins, More recently discovered
are genetic polymorphisms that ratse blood homocysteine or disrupt regulation of blood clot
ting.- All of these should be treated when possible, bur the therapeutic trials tell us that
atherosclerotic events can be reduced by lowering of LDL even when these factors are present.

Seatins are effective, but are they safe! In the three trials, statins were taken by 7500
people for 5 years withour a significant increase in deaths from noncardiac diseases. These
studies are reassuring but bricf, Will some hidden toxicity emerge when individuals take
these drugs for most of their adult lives? Long-term studies are needed,

In middle-aged people with cholesterol levels greater than 240 mg/dl, the potential for
coronary heart discase warrants aggressive cholesterol lowering with diet and drugs. People
with normal cholesterol levels of 210 mg/dl have a lower relative risk, but their absolute
numbers are greater, [f we wait for susceprible individuals to develop symproms before decid
ing to treat, the earliest symptom is often sudden death. The challenge is to develop
noninvasive screening methods to detect coronary atherosclerosis in its earliest stages. Ex-
ploitation of recent breakthroughs—proof of the cholesterol hypothesis, discovery of effec
tive drugs, and better definition of genetic susceptibility factors—may well end coronary
disease as a major public health problem early in the next century.

Michael S. Brown and Joseph L. Goldstein

Michael Brown and Joseph Goldstein
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Development of Atherosclerotic Plaque
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High Prevalence of Coronary Atherosclerosis in Age (years)

Asymptomatic Teenagers and Young Adults
Evidence From Intravascular Ultrasound

E. Murat Tuzcu, Samir R. Kapadia, Eralp Tutar, Khaled M. Ziada, Robert E. Hobbs,
Patrick M. McCarthy, James B. Young, and Steven E. Nissen



Introduction: Why a Paradigm Shift Is Necessary

@  For >40 years, coronary disease assessment was stenosis-centric
< Yet ~70% of ACS originates from mild or intermediate stenoses

_é We must shift from lumen narrowing to plaque biology

IVUS, OCT, NIRS
) . CTA-based inflammatory assessment (FAl)
% Modern tools enable this transition: , ,
Al-driven plaque analysis

FFR/IiFR physiology



Stenosis Is a Poor Surrogate for Risk

Stenosis # Vulnerability

* 30-50% lesions cause most Mls
* Angiography shows anatomy, not danger
* A “normal-looking” lesion may be biologically unstable

* PROSPECT, CLIMA, COMBINE OCT—FFR — consistent message:
Biology predicts events better than lumen diameter



Finding the Positive remodeling

Vulnerable
Plague
J MLA
Thin fibrous
cap ™ Necrotic
+—"  core
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Circulation

Volume 92, Issue 8, 15 October 1995; Pages 2333-2342
https.//doi.org/10.1161/01.CIR.92.8.2333

ARTICLE

Our Preoccupation With Coronary Luminology

The Dissociation Between Clinical and Angiographic Findings in Ischemic Heart
Disease

Eric J. Topol and Steven E. Nissen

CLINICAL RESEARCH

Characteristics and significance of healed plaques in
patients with acute coronary syndrome and stable
angina: an in vivo OCT and IVUS study

Sining Hu', MI anjun Wu', MD; Hual Yu'; Welll Pan’, MD; Yuhan Qin', MD; Luping He', MD

MS; Jingbo Hou', MD, PhD; Shaosong Zhang', MD, PhD; Haibo Jia', MD, PhD; Bo Yu', MD, PhD e amermmovao
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What Intracoronary Imaging Taught Us About
Atheroma Progression

The NEW ENGLAND JOURNAL of MEDICINE

Natural History of Atheroma: Beyond the | ORIGINAL ARTICLE

Angiogram
A Prospective Natural-History Study

A prospective study of ~700 patients, followed for 3.4 years, of Coronary Atherosclerosis
Showed that most major cardiovascular events Orlginated from Gregg W. Stone, M.D., Akiko Maehara, M.D,, Alexandra J. Lansky, M.D.,

Bernard de Bruyne, M.D., Ecaterina Cristea, M.D., Gary S. Mintz, M.D,,

plaq ues that appearEd mild or nOn-ObStructive on Roxana Mehran, M.D., John McPherson, M.D., Naim Farhat, M.D.,
. Steven P. Marso, M.D., Helen Parise, Sc.D., Barry Templin, M.B.A,,
anglography' Roseann White, M.A., Zhen Zhang, Ph.D., and Patrick W. Serruys, M.D., Ph.D.,

Angiogram misses biological risk—these “mild” lesions had AT TREARET et

high-risk features on IVUS:
* Thin-Cap Fibroatheroma (TCFA)
* High Plaque Burden (PB)
* Small Minimal Lumen Area (MLA)

*These vulnerable characteristics are invisible on
angiography but predict future events.

*Key Message:
Atheroma progression and rupture are driven by biology—
not stenosis severity.
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TCFA (all) TCFA+MLA <4 mm? TCFA+PB =270% TCFA+PB =70%+
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



So now that we could identify these high-risk atheroma—vulnerable
plagues—there was thought they might be stabilized or “sealed” with
ballon angioplasty

MINI-SYMPOSIUM
Plaque sealing by coronary angioplasty
B Meier
Heart 2004;90:1395-1397. doi: 10.1136/hrt.2004.034983
Circulation e~
Volume 103, Issue 25, 26 June 2001; Pages 3142-3149 ﬁ ™
https://dol.org/10.1161/01.CIR.103.25.3142 Association

CLINICAL CARDIOLOGY: NEW FRONTIERS

Evaluation of the Culprit Plaque and the Physiological
Significance of Coronary Atherosclerotic Narrowings

Morton J. Kern and Bernhard Meier



ARTICLES - Volume 403, Issue 10438, P1753-1765, May 04,2024  [ESARL I (s KT (NS

Preventive percutaneous coronary intervention versus optimal
medical therapy alone for the treatment of vulnerable atherosclerotic
coronary plaques (PREVENT): a multicentre, open-label, randomised

controlled trial

Prof Young-Keun Ahn, MD © - Won-Jang Kim, MD ¢ - et al. Show more

Affiliations & Notes v  Article Info v Linked Articles (7) vV
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The PREVENTIve Coronary Intervention on Stenosis
With Functionally Insignificant Vulnerable Plaque

PREVENT Trial

Any Significant Epicardial Coronary Stenosis (DS>50%)
with FFR >0.80 and with Two of the following

1.  IVUS MLA <4.0mm?

2. IVUS Plaque Burden >70%

3. Lipid-Rich Plaque on NIRS (,,,,LCBIl;.,.»=315)

4. TCFAby OCT or VH-IVUS

| |
PCI+GDMT GDMT

N=800 N=800
: '

Primary endpoint: Target Vessel Failure at 2 years

(Death from cardiac cause, target vessel myocardial infarction, ischemic-driven target vessel
revascularization, or unplanned hospitalization due to unstable or progressive angina)




Cumulative incidence (%)

Primary composite outcome

100
y

—— Optimal medical therapy alone
— Preventive percutaneous coronary intervention

Db plus optimal medical therapy
HR 0-54 (95% CI 0-33-0-87); log-rank p=0-0097
20—
154
10 ] 9'4
6-5
54 3.4
0-4
0 | T | T |
0 1 2 5 6 7
803 (0) 765 (18) 710 (63) 544 (233) 432 (344) 308 (469) 198 (580) 61(727)
803 (0) 792 (9) 745 (55) 570 (221) 450 (337) 320 (464) 198 (589) 77 (712)



PCl vs Medical Therapy Outcomes

PCI leads to significantly fewer primary outcomes than medical therapy
at 2 years.

2 year primary endpoint
HR 0.11 (95% CI 0.03 to 0.36) a
P=0.0003

Events (n)

30 21 ;

n
§ “These findings support an
20 § 2 expansion of the indications
B for percutaneous coronary
£ intervention to include non-
10— 1 flow-limiting, high-risk,
3 vulnerable plaques.”
0.4
0 1 0
. . . . PCI Medical
Preventative PCI + optimal Optimal medical Thwress
Treatment Group

medical therapy therapy

I significant Difference

L Primary outcome = Major adverse event

2. Values are approximate and may not bea axact



Earlier identification
and treatment

Fondin » Perform studies using
9 oy existing and novel tools
» Ensure research funding is + Perform studies evaluating
proportionate to the global response to treatment using
burden of disease personalised risk approaches
“Refocusing and reframing the —— Using proven therapies
a2 2 - Dlspaﬂtles in health and health Stl’ategies
definition and discussion of + Test and adapt research gy o8
. methods to ensure the o
corona I’y d rtery dlsease representativeness of study ﬁ?’;:‘;f;:?;;gof
[towards] early detection of populations known effective strategies
coronary artery atheroma...
has the potential to save & pome
“lle . R : ' esearch infrastructure
8.7 million lives globally emme / and workforce
« Support transformative discovery . ! :
every year. . research aimed at understanding SHabeTA pm et Aop ah o
A X make clinically relevant and
undgrlymg_ I?‘OIOQ'G‘ mech:aqrsms practical data definitions
and mt‘eracttons AN ety « Perform research to better
therapies understand the optimal way to
train and retain the health-care
THE LANCET COMMISSIONS - Volume 405, Issue 10486, P1264-1312, April 12, 2025 RN and research workforce

The Lancet Commission on rethinking coronary artery
disease: moving from ischaemia to atheroma

Sarah Zaman, MD PhD ®® - Jason H Wasfy, MD PhD % - Vikas Kapil, MD PhD © - Boback Ziaeian, MD PhD -
Prof William A Parsonage, MD &" - Sira Sriswasdi, PhD "/ - et al. Show more




The Role of Systemic Inflammation

Elevated hsCRP

Diabetes

Obesity and metabolic syndrome

Perivascular fat inflammation (CTA FAl)

Chronic immune activation

Inflammation links the plaque to the patient’s overall cardiovascular risk



Science Inflammation in Heart Arteries

Translational Without A Narrowing or Obstruction
y Medicine » 7 -

Low FAI Score High FAI Score

FAl is the fat attenuation index, using A.l. to gauge the extent
of inflammation in the epicardial artery fat tissue that
surrounds the artery
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ACC SCIENTIFIC STATEMENT

Inflammation and Cardiovascular
Disease: 2025 ACC Scientific Statement

A Report of the American College of Cardiology

Writing George A. Mensah, MD, FACC, Chair Paul M Ridker, MD, MPH, FACC
Committee Natalie Arnold, MD Francine K. Welty, MD, PuD, FACC
Members Sumanth D. Prabhu, MD, FACC




FIGURE 2 Cumulative Incidence of First Major Cardiovascular Events According to Baseline Levels of hsCRP and LDL-C
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FIGURE 1 Clinical Interpretation of hsCRP for Cardiovascular Risk Prediction

hsCRP 1mg/l 3mg/l 10 mg/l

Possible Acute Phase
Response
Repeat in 2 to 3 Weeks
8.
7

Relative Risk of Future CV Events
F N

-

L

05-1.0 10-20

20-30 3.0-40
hsCRP (mg/l)

4.0-50 50-50  50.0-200 >20

The relationship of inflammation to cardiovascular (CV) risk is Unear across a wide range of high-sensitivity C-reactive protein (hsCRP) values. Blue bars represent
crude relative risks; red bars represent relative risks adjusted for traditional Framingham Risk Score factors, Data from Ridker et al.”" Reproduced from Ridker et al.™

30-year HRs and cumulative incdence for first major adverse cardiovascular events among 27,939 initially healthy American women, according to increasing
quintiles of baseline level of low-density Lipoprotein cholesterel (LDL-C) (bottom) and high-sensitivity C-reactive protein (hsCRP) (bottom). As shown, the
magnitude of risk is greater for inflammation than for cholesterol. Data are adjusted for age, smoking status, diabetes, blood pressure, estimated

glomerular filtration rate, and body mass index. Adapted with permission from Ridker et al.**




FIGURE 3 Imaging Modalities to Detect Vascular Inflammation

Ultrasound Cardiac MRI
Low cost, f Can assess
non-invasive structural disease

No use currently
validated for vascular
inflammation,
time consuming

Low resolution,
no clinical use
currently for tissue

inflammation
Computed
tomograpy PET CT/MRI
Validated methods for
inflammation detection, .G°ld stanc.iard fpr
currently used for lnﬂammatnqg with
coronary artery disease high specificity
Lack of clinical

diagnosis and cardio-
vascular risk assessment,
growing usage in practice

expertise and
availability outside
major centers

Radiation/contrast

Summary of the clinical imaging modalities in use or under development for the noninvasive detection of vascular inflammation. Reproduced with permission from

West et al.”” CT = computed tomography; MRI = magnetic resonance imaging; PET = positron emission tomography.




Residual Inflammatory Risk as Assessed by hsCRP and Residual Cholesterol Risk as Assessed by
LDL Cholesterol as Predictors of Future Cardiovascular Events and Death

Hazard Ratio

*P<0.0001 +P<0.05

Quartile 1

Cardiovascular Death zH:s

Quartile 2 Quartile 3 Quartile 4

hscre [N LoL-c|

Hazard Ratio

Cardiovascular Death

P <0.001

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

P <0.001

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

Following statin therapy, risks of cardiovascular death are greater for individuals with increasing levels of high-sensitivity C-reactive protein (hsCRP) (black)

than for individuals with increasing levels of low-density lipoprotein (LDL) cholesterol (white).
Following statin therapy, risks of cardiovascular death are high among those with elevated hsCRP and low LDL cholesterol, but conversely low among those

with low hsCRP and elevated LDL cholesterol Ridker et al



Number of deaths from ACAD (millions)

Number of deaths from ACAD (millions)
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GBD income level
~@- Past data
B High income Lower-middle income 147 .
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12 - - Forecast with reduction in behavioural

and metabolic risks

Number of global deaths from ACAD (millions)
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GBD geographical region
B Europe and antral Asia [ Ngnh America Mi@k East and quth Africa
E 23:2:::: :::.f:ca:tl\sna, and Pacific B3 South Asia B Latin America and the Caribbean ”The time iS a ISO ripe for t he deve Iopmen t O f
2 J— | strategies to promote increased physician

awareness of the crucial role of inflammation
in CVD and accelerate the adoption of
evidence-based, guideline-directed anti-
inflammatory therapy through dissemination
and implementation research.”

1990 2000 2010 2020 2030 2040 2050



Modern Coronary Imaging: Seeing the Biology

OCT

*Measures fibrous cap thickness
*Detects macrophages, microchannels
| °Best for detailed structural assessment

IVUS

*Determines plaque burden
|ldentifies remodeling
*Useful in diffuse disease

NIRS

*Quantifies lipid core burden (LCBI)
*LCBI > 400 - strong predictor of future
events



CTA as the
First-Line Non-invasive plaque characterization

Biological Tool

ldentifies non-calcified plaque

Measures perivascular inflammation
(FAI)

Al-enhanced CTA rivals invasive
insights in early detection




Physiology:
The Other
Dimension

FFR / iFR / NHPR / CRR

FFR: pressure-based ischemia assessment

iFR/NHPR: resting physiology, wire-based
alternative

CRR: coronary resistance reserve - microvascular
function

Physiology determines whether the lesion is
flow-limiting

Imaging = what it is, physiology = what it does



Non-Invasive Coronary Imaging With A.l.

A.l. Imaging Focus Biomarker Reference marker(s) Clinical Validation
Company Studies

CLEERLY Plaque Morphology Total Plaque Volume, IVUS, QCA, FFR Griffin, JACC CV
Low-Density Non- Imaging, 2023
Calcified Plaque

ELUCID Plaque Composition Lipid Rich Necrotic Histology, Invasive Histology; None with
Core FFR clinical events

CARISTO Coronary Inflammation FAI, Perivascular Cardiac mortality Chan, Lancet 2024
inflammation

HEARTFLOW Ischemia; Computational 3D Plaque Invasive FFR Madsen, Radiology

Fluid dynamics Quantification, FFR 2023

FFR-fractional flow reserve, QCA-quantitative coronary angiography, IVUS-intravascular ultrasound, FAl-fat attenuation index



Data from 40,000 consecutive Number of inflamed vessels in predicting cardiac death

patients with CCTA in 8 centers in — 3inflamed arteries, HR (95%) 29-8 (13-9-63-9), p<0-001
the UK with up to 10-year follow-up — 2inflamed arteries, HR (95%) 20-4 (9-35-44-7), p<0-001
using the CARISTO FAL. — linflamed artery, HR (95%) 13-0 (5-85-28-8), p<0-001

—— 0 inflamed arteries : Reference
40 =

Even 1 inflamed artery raised the
risk of death 13-fold compared with
no inflamed arteries!

Cardiac mortality (%)

THE LANCET

Thisjournal  Journals  Publish  Clinical  Global health  Multimedia  Events  About

ARTICLES - Volume 403, Issue 10444, P2606-2618, June 15,2024 - Open Access  [SARVCILEL RRVIIFECTE

Inflammatory risk and cardiovascular events in patients without obstructive coronary
artery disease: the ORFAN multicentre, longitudinal cohort study

Kenneth Chan, MRCP > . Elizabeth Wahome, PhD*' - Apostolos Tsiachristas, PhD © - Alexios S Antonopoulos, PhD ? « Parijat Patel, BSc
+ Maria Lyasheva, MPhil ? « et al. Show more
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Imaging + Physiology = Complete Cardiac Decisions

Only combined imaging and physiology features enable truly optimal cardiac treatment decisions.

Feature Pair Decision Impact

[ ix Imaging Feature &3& Physiology Feature ° Decision Value -}}f- Optimal Outcome @ Treatment Example ]

Q Targeted stenting of

Plaque composition Ischemia presence Complete e
culprit lesion

Risk assessment for

Cap thickness Flow limitation Complete : S
~ rupture and intervention

Microvascular

° Microvascular angina

P

Lipid load : Complete
involvement management
- : B Anti-inflammatory
Inflammation Functional significance Complete ,
therapy guidance
. Complete = Both features used

2. Optimal Outcome = Best possible patient result



Al: The Integrating Intelligence Layer

Al Applications:

* AI-CT (Cleerly): quantifies plaque types & volumes

e Caristo FAIl: quantifies coronary inflammation

* Al-OCT: automated cap thickness & macrophage detection
* AI-FFR (CT-FFR, Angio-FFR): physiology without wires

Key message:

* Al connects anatomy, biology, and function into a cohesive risk map.



@ PULSE MEDICAL
UFR®

AngioPlus® Core
Quantitative Flow Ratio Analysis Software

PHYSIOLOGY AND VULNERABILITY COMPUTATION

{Y 6% a

Non-invasive Automated Simple More
Free of hyperatnic Al enpowergd Singleftwo views based RWS* moin vessel &
ogent & wire more Intelligent higher feasibility side bronches & microcirculation

Post-PCI s -
OUTCOME EVALUATION FAVOR Il China FAVOR Il China FAVOR Il China-2yr

- Post-PCI uFR* can identify suboptimal
revascularization and predict prognosis

. ‘:::21:’:; AMR'® can evaluate microvascular 9 2 < 7 0/0 3 5 0/0 340/0

Pre-PCI

DECISION MAKING

-OMT, PCl or CABG
‘FR*® can identify significant flow-limited
lesions/vessels

- AUFR® can identify culprit lesions -
wikiol 50 - - - L WH
o e ® Accuracy MACE risk reduction ~ MACE risk reduction
B0 450 A4S . Fast real-time analysis Less contrast used, less radiation Thobmfnolwmmw;-
Good correlation & enpasure, shorter procedural time ! incromentally increasing
\ agreement with FFR. Significant outcome improvement, benelit over time'"
@ Relcased 3t TCT 2017, pablished st JACC Refeased at TCTA021, poblished st LANCET Released at TOT222, publiche
Intra-PCI
- STRATEGY OPTIMIZATION

i +Recommended stent location, stent length &
diameter, and No. of stents
‘Residual yFR* can predict post-PCloutcomes
Recommended angiographic view with minimum
foreshortening

0.77

Vessel yFR
WFR 0.21

0.97

Vessel yFR
AMR*2.03



The New Diagnostic Paradigm
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Step 4 — Precision therapy
*Maximal LDL lowering
*Anti-inflammatory therapies
*PCl only when physiology &
imaging both support
intervention

*Long-term imaging follow-up

Step 3 — Physiology
(FFR/iFR/CRR)

Determine flow limitation and
microvascular contribution

Step 2 — Catheter-based imaging
(OCT/IVUS/NIRS)

Assess vulnerability + plaque
morphology

Step 1 — CTA + Al for plaque &
inflammation mapping
Identify diffuse, non-calcified,
high-risk plaques
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Patients Have More Choices
To Tackle High Cholesterol

Researchers present latest study results of alternatives beyond statins that are on the horizon

By Bersy McKay

statin isn't the only

answer anymore to

lowering cholesterol.

The lipid-reducing

medicines, among the

most widely prescribed
drugs in the U.S,, have been a
mainstay of heart-disease preven-
tion and treatment for decades.
But they don’t work for everyone,
and can only reduce harmful
“pad" cholesterol so much.

Now some patients have other
cholesterol-busting medicines avail-
able as optlons—and even more al-
ternatives are on the horizon.

Certain patients already can
take a twice-yearly injection, sold
by Novartis as Leqvio, that uses
an RNA-based technology, or a
more frequent injection that tar-
gets a protein called PCSK9 that
interferes with the body's ability
to clear the bad form of choles-
terol.

Biotech Amgen has
been doing testing to
expand use of its PCSK9
drug Repatha to more
patients, while Merck is
developing an easier-to-
take pill version. Bio-
techs are working on
therapies that use gene-
editing technology to
lower people's choles-
terol, perhaps perma-
nently.

Researchers pre-
sented the latest study
results recently at the
American Heart Associ-
ation’s annual meeting.

“This is an amazing time, &
very, very exciting time for pa-
tients," said Dr. Leslie Cho, cardi-
ologist and director of the Cleve-
land Clinic Women's
Cardiovascular Center, who wasn't
involved in the latest studies. She
cautioned, however, that most pa-
tients can be helped by diet, exer-
cise and statins, and some of the
newer therapies can be very ex-
pensive,

In a late-stage study, Merck's
PCSK9 pill reduced bad, or LDL,
cholesterol up to 60% over six
months in adults with or at risk of
atherosclerotic cardiovascular dis-
ease, researchers reported,

Amgen’s PCSK9 drug, Repatha,
reduced the risk of heart disease,
stroke and other cardiovascular
events by 25% in a large Phase 3
study of subjects taking a statin
and at high risk of an event but
haven't had one.

An early, or Phase 1, study
found that a gene-editing drug
from CRISPR Therapeutics cut

Clockwise from top, CRISPR
Therapeutics’ lab in Boston; an
Image showing Merck's enlicitide
decanoate; Amgen |s conducting
tests to expand use of Repatha.

cholesterol levels by 49% in two
months in patients who received
the highest dose, study investiga-
tors reported. The study included
15 patients,

The therapy also reduced levels
of triglycerides, a type of fat in
the body, by 55%. The therapy
uses so-called Crispr-Cas9 technol-

every two weeks injections and
taking daily pills,” he said.

ogy to knock out a Dl
moting gene called ANGPTL3 that
pushes up levels of cholesterol and
triglycendes.

The goal is to offer a “one and
done” therapy, said Dr. Luke Laf-
fin, a preventive cardiologist at
the Cleveland Clinic and lead au-
thor of the study, published in the
New England Journal of Medicine.

While it s still early, “ulti-
mately technologies like this will
likely play a role in supplanting

High ct is a major
driver of heart disease, Statins,
like Lipitor and Zocor, emerged as
powerful antidotes starting in the
1980s. With blood-pressure medi-
cines, antismoking campaigns and
advances in treating heart attacks,
the medicines contributed to a
sharp decline in heart-disease
deaths,

Yet those declines stalled
nearly a decade and a half ago,
and heart disease is still the na-

tion’s biggest killer.

More than a quarter of Ameri-
cans have levels of LDL cholesterol
that are considered high—130 mil-
ligrams per deciliter—according to
the most recent data fram AHA.
Doctors generally recommend that
people at high risk of a heart at-
tack or stroke keep their LDL cho-
lesterol less than 70 mg/dL, and
those at very high risk keep it be-
low 55 mg/dL. People at very high
risk have had a heart attack or
stroke and have multiple high-risk
conditions like hypertension, dia-

betes or are age 65 or older.

"Often statins are not enough,”
said Dr. Jamal Rana, a cardiologist
and professor of clinical science
with Kaiser Permanente in Oak-
land, Calif.

Because statins don’t reduce
cholesterol levels low enough in
certain high-risk patients, Rana
adds other medicines to their pre-
seriptions like the pill Zetia that
also goes by the generic name
ezetimibe, a PCSK9 drug or
Leqvio, also known as inclisiran.

A little over half of people who
could benefit from a cholesterol
medicine are on one, according to
the Centers for Disease Control
and Prevention. Many quit within
a year of starting a statin. Some
drop off due to side effects like
muscle pain or headaches.

Mary-Ellen Conway, 78, of Hous-
ton, has taken two statins over sev-
eral years but got Jeg cramps taking
one, while her LDL cholesterol lev-
els were higher than she wanted on
the other medicine.

Her LDL cholesterol has
dropped significantly while a sub-
ject in the Phase 3 study of
Merck’s experimental PCSK9 pill.
Her LDL cholesterol at last check
was 35 mg/dL. It had been 166 mg/
dL in 2003, and 62 mg/dL in 2024,
when she took a statin and an-
other drug.

The adults in Conway's trial
also took statins. Merck said its
drug, called enlicitide decanoate,
is now being studied to see how
effective it is at preventing heart
attacks and
strokes, with re-
sults expected in a
couple of years.
Merck said it plans
to file for FDA ap-
proval early next
year.

No serious side
effects were re-
ported among the
15 patients in the
trial of CRISPR
Therapeutics’ ex-
perimental ther-
apy, called CTX310.

Such gene-edit-
ing therapies must
be tested in thou-
sands more pa-
tients to assess
their effectiveness
and safety, said Dr.
Kiran Musunuru,
cardiologist, ge-
neticist and pro-
fessor for transla-
tional research at
Penn Medicine,
who wasn't involved in the
CRISPR Therapeutics study.

A subject in a trial of a differ-
ent gene-editing therapy died a
few days ago, according to biotech
Intellia Therapeutics. Studies
testing the drug are now on hold.

Musunuru expects gene-editing
therapies will become available by
the 2030s and provide permanent
and more targeted treatment to
certain patients depending on the
genetics of their conditions. “In
my opinion, the more options, the
better," he said.
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New Drugs for Heart Health

Lp(a) Inhibitors

Drugs that target lipoprotein
for heart disease.

, a risk factor

ANGPTL3 Blockers

Drugs that lower triglyceride levels and
improve lipid profiles.

Anti-inflammatory Drugs

Interleukin blockers and GLP-1 drugs that
reduce inflammation.




Missed Innovations in Heart Risk

Many validated heart risk tools remain underused in clinical practice.

©
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= Polygenic Risk Scores
Current Gaps .
. - 10+ PRS Providers Limited Health System Uptake SR
Missed Opportunities
Multiple companies offer validated PRS tests PRS not yet in general clinical use
Many validated tools not yet routine in heart risk assessment Q

PRS value is independent of

family history or classic ris..
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routinely tested subclinical atherosclerosis

Al can predict risk from eye images



Risk of CHIP and
CHIP-associated conseguences
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JAMA Cardiology Subclinical Coronary Atherosclerosis and Retinal
s Mulimedi Optical Coherence Tomography Angiography

Home | JAMA Cardiology | Vol. 10, No, 11 [ A | NoCAD

Original Investigation &

Subclinical Coronary Atherosclerosis and Retinal Op-
tical Coherence Tomography Angiography

Jee Myung Yang, MD, PhD]; Dong Hyun Yang, MD, Pth; Seung-Whan Lee, MD, PhD? .etal

» Author Affilations | Article Information

{ 8 | Partial obstructive CAD

“Our results indicate that
one could identify patients
at high risk of future
myocardial infarction from
retinal imaging available in
every optician and eye [€] severe sbstuctive AD
clinic.”




Clinical examination

Initial clinical data
(Medical history, vitals
labs, ECG)

ESC guidelines for Coronary Artery Disease

Calculation of
Clinical Likelihood
for obstructive CAD

O

Cardio Explorer

Guidelines Recommendations
for diagnostic pathway

Clinical likelihood

Very low <5%

&

H Low >5-15%

Moderate >15-50%

High >50-85%

| Very high >85%

Defer further testing
Rule out ©Rr

Adjust clinical likelihood
CCTA

PET/SPECT, CMR,
Stress ECHO

Invasive coronary
angiography

Treatment



Cardio Explorer: Closing the Diagnostic Biomarker Gap
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From Data collection to Risk Stratification

1. Data collection 2. Data entry 3. Al calculation 4. Risk stratification

Ha Blood Sample

I3 Blood Pressure » [ ) e ] » % ‘ a
( ° )
=

Patient History




Examination

D ata C o I I e Cti o n Blood pressure systolic

Blood pressure diastolic

Resting ECG: Pathological Q w

Age, years
L_ @ Symptoms & History Sex
Collected during consultation. Includes chest pain Height, cm
characteristics, smoking status, and ECG findings y Blood parameters
Weight, kg
Cholesterol (total)
Chest pain
(ejl Clinical Parameters & Medications Nicotine consumption (NC) iy
Entered by the physician or imported from the record. LDL
Includes blood pressure, BMI, diabetes therapy, and Bilirubin (total)

prescribed medications such as statins and antihypertensives

Medication Urea

Uric acid
Blood panel —
9 P . Protein (total)
Uploaded from lab systems or entered manually. Includes key Cholesterol-lowering agents !
biomarkers such as Hs-troponin T, cholesterol, and liver Antiplatelet agents Albumin
function markers Pancreatic amylase
RAS inhibitors

s X Alkaline phosphatase
Calcium antagonist

hs Troponin T

Beta-blocker
ALT (GP
Diuretics (OF1)
- Glucose
Organic nitrates
Leukocytes
MCHC

Laboratory Information System




Comprehensive Pattern Analysis leads to high accuracy

Comprehensive pattern analysis with 32 parameters

. a . Cholesterol
The Cardio Explorer® analyzes 32 parameters 2 o Medication 1
with > 4 billion possible interactions, identifying g ey Bty lood Pressure
complex, non-linear relationships that cannot be . PRt TR R | . Nicotin Consumption
comprehended by the human brain. ' ‘ ‘
By creating personalized models that take into Vil esinniatg SALE >
account each patient’s individual context, it ) | ‘ \

delivers the highest precision and CT-like | ,
accuracy — based on routine clinical parameters, &) ' .
at a fraction of the cost and time. | ‘
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Prof. Michael Zellweger Prof. Hans-Peter Brunner Univ. Prof. Dr. Winfried Marz
Head of Non-Invasive Cardiology, Deputy Chair of Cardiology, Head Director of the
University Hospital Basel of Heart Failure Clinic, Maastricht SYNLAB Academy

University Medical Centre (MUMC)

Zellweger et al. 20145 Eurlings et al. 2022"7

D Validation of the model published in D Validation of an optimised model,
the International Journal of published in BMJ Open Primary
Cardiology, hospital co-prevalence Care Cohort, prevalence 16%, AUC
69% AUC 0.82, NPV 94% 0.87, NPV 96%
Zellweger et al. 2018"¢ Frey et al. 20238

D Validation of the optimised model D Confirmation of the optimised
published in the EPMA Journal model, which improves the
Hospital cohort, prevalence 69% assessment of ischaemia
AUC 0.87, NPV 95% simulated cohort, probability prior to testing, AUC
prevalence 23%, AUC 0.97, NPV 98% 0.76, published in the EPMA

Journal

15 Zellweger et al. (2014).
16 Zellweger et al. (2018)
17 Eurlings et al. (2022).
18 Frey et al. (2023).



In the study by Eurlings et al. (2022)"?, Cardio Explorer
achieved an AUC of 0.87, outperforming both the PTP and CAD2
models
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The Future
of Coronary
Care

Integration of Al + imaging + physiology

Treating plaque biology, not stenosis

Earlier detection of high-risk patients

Reduction of Ml through preventive
targeting

Precision cardiology for Eastern Europe
& Azerbaijan



Implementation Barriers in Our Region

Limited Imaging Access

Restricted availability of sophisticated
imaging technology

Underuse of Physiology

Insufficient application of physiological
principles in diagnosis

Limited Reimbursement

 Inadequate financial compensation for Al-
assisted CT scans.

Variable Training

Inconsistent levels of education and expertise
among clinicians

Need for Registries

Requirement for regional databases to track
and improve outcomes.




The New Paradigm to Prevent Myocardial Infarction

£} Change the strategy now

Therapies now match

the biology
*LDL lowering + Lp(a)

therapies
*Anti-inflammatory
treatments
*Imaging-guided
interventions
*Personalized prevention
strategies

Y
‘V The real issue is not
knowledge- It is
Implementation

We have the science,
evidence, and tools.
What is missing is

the action to use them
systematically..

<

Heart attacks are rarely caused by severe
stenosis alone.

Risk emerges from atheroma

biology, inflammation, and patient
vulnerability

We can now detect high-risk
individuals and high-risk plagues

— long before symptoms or significant
narrowing appear.

L

Vulnarable plaques +
Vulnarable patients

A modern risk framework
integrates:

*Genomics (PRS)

*Proteins / Organ Clocks
*Inflammation markers (hs-CRP,
CHIP)

*Targeted imaging (CTA, OCT, Al)



Conclusion:

The next step is clear H

_~ =
¢ o
Shift from focusing on “blockages” |
to understanding plaque biology anJ patient biology —

a unified approach that can finally prevent myocardial
infarctions
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