The Architecture
of Plague

How intense LDL lowering transforms coronary,
anatomy, stabilizes vulnerable vessels,
and prevents recurrent heart attacks.
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The Stent Fixes the Spot. The Disease Remains Systemic.
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The PROSPECT Trial Reality

- Over 3 years following an acute coronary syndrome,
roughly 1 in 5 patients (20.4%) suffer a major A
adverse cardiovascular event, -:I

12.9% trace back to the original culprit site.

: 11.6% arise from previously untreated plagues
that looked only mildly narrowed on the original
angiogram. -
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Inside the Artery Wall:
The Anatomy of a Thr

Macrophages

Immune "foam cells” that swallow
cholesterol and release enzymes
capable of digesting the protective cap.

Fibrous Cap

The tough collagen shield built by
smooth muscle cells. The only
thing separating the blood from
the deadly core.

Necrotic Core

A soft, mechanically weak pool of
cholesterol, crystals, and dead cell
debris. Highly clot-promoting.
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The Anatomy of Risk Matrix

Stable Plague

» Thick cap
» Small lipid core

» Low mechanical stress

The 65um Threshold

In autopsy studies of sudden coronary death, ruptured caps are typically

thinner than 65 micrometers—roughly the width of a human hair.

Vulnerable Plaque

_

» Massive fatty center

» Intense macrophage
inflammation
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The Rupture Seqgquence
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Phase 1: Stress Phase 2: Rupture Phase 3: Thrombaosis
Macrophage enzymes and mechanical The cap tears. Flowing blood contacts A clot forms instantly. If blood flow is blocked
stress weaken the thin cap. the highly thrombogenic care. ~long encugh, myocardial infarction occurs.
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The yellow cholesterol payload
inside the spheres. Standard

The Cargo (LDL-C) The Vehicles (ApoB)
The protective shell of the sphere
itself. Each atherogenic particle

tests weigh this cargo. carries exactly one ApoB-100 protein.
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Clinical Insight: Cholesterol cannot travel alone. It is the particles (ApoB) that breach t-he artery wall, get
trapped, and build plaque. If you have diabetes, excess weight, or high triglycerides, you can have a

dangerously high number of ApoB “vehicles” even if the total weight of the LDL-C “cargo” looks normal.
xsj




The Imaging Arsenal: Seeing Inside the Wall

OCT (Optical Coherence Tomography)

* Technology: Light.

» Resolution: High enough to measure caps
thinner than a human hair.

» Measures: Cap thickness, macrophage

signals, lipid arc. Cannot see behind the lipid.

IVUS (Intravascular Ultrasound)

» Technology: Sound.

- Resolution: Coarser than OCT, sees through
the entire wall.

» Measures: Total plague volume and artery
remodeling. Too coarse to measure caps.
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NIRS (Near-Infrared Spectroscopy)

* Technology: Chemical signal.

* Resolution: Chemical heat-map.

* Measures: Detects the chemical signature
of lipid (cholesterol pools).
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The HUYGENS Experiment

‘" Context: 161 patients post-heart attack with identified vulnerable plaques
- (caps <120um, large lipid arcs) tracked via OCT and IVUS over ~50 weeks.
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The Core Question
If we drive LDL-C down to unprecedented levels right after
a heart attack, can we physically change the anatomy
of the remaining dangerous plaques?
" —

Vi _r_,.--' = \
ximally Tolerated Statin + Placebo . et/ Ac:hi% \
— e — LDL-C: [P

~28mg/dL /| /.
N 4/

T Gemini Notebook



The Plaque Volume lllusion: Composition Over Size
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The lllusion
Total plaque volume barely changes.
Shrinking (HUYGENS IVUS subset showed a drop
. Lipid Core of just 2.29 percentage points vs 0.61). J

The Transformation

The plaque’s internal architecture
— stabilizes entirely.

* Minimum Cap Thickness: +42.7 ym 4
— (Evolocumab) vs +21.5 pm (Statin alone).

* Maximum Lipid Arc:

Shrank by 57.5° vs 31.4°. U

Synthesis Note

PACMAN-AMI (using Alirocumab) proved
the exact same concordant shift: smaller
fat signals and much thicker caps.

Expanded
Collagen Cap

Plaque doesn't vanish; it turns from soft
and fragile to dense and stable.
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From Anatomy to Outcomes
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The Clinical Leap | The Reality Check
Mechanics suggests that thicker caps and smaller lipid HUYGENS and PACMAN-AMI proved we can change the plaque.
pools should drastically lower the mechanical stress But they were too small to prove we stop heart attacks. To
that causes rupture. prove that, we must zoom out from 300 patients measured in
N / micrometers, to tens of thousands of patients measured in years. l
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The FOURIER Reality: Absolute Human

I' Context: 27,564 patients with stable cardiovascular disease tracked over a median of 2.2 years. W

w

Absolute Eeneﬂt
15 Human Beings Spared |
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Beneﬂt

| The Matn

A 15% relative risk reduction
In the primary composite
endpoint translates to an
absolute reduction of about
q 1.5 percentage points.

»
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[The Human Translation

Out of every 1,000 patients
treated with a statin plus
evolocumab, 15 human
beings are spared a major
cardiovascular event
(death, heart attack, stroke,
hospitalization, or
revascularization) over

two years.
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Counting Every Event ™ .
™S —

Clinical trials typically stop counting after
~a patient's first event. But in reality, one .
heart attack frequently triggers a cascade |

. of subsequent strokes, hospitalizations, |
or repeat infarctions. .
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A FOURIER Total Events Analysis |

When researchers modeled total events
over three years, the benefit exploded. [o—
Preventing ~22 first events per 1,000

1 (

22 »

per 1,000

First Events

Prevented _ | patients actually translated to roughly 52
= Total Events \| total events prevented per 1,000 patients.
Prevented DN\ —— s - l

i
, T Sermini Motebook



The Architecture of Evidence: Major Outcome Trials

: Event Rate Absolute Benefit
Trial Name What Was Tested | Follow-up (Tx vs Control) | (Fewer events per 1,000)
High-dose statin vs o g »
MIRACL placebo (in hospital) 16 wks 14.8% vs 17.4% 26
Intensive vs = 5
PROVE IT-TIMI 22 R 2 yrs 22.4% vs 26.3% ~39
IMPROVE-T | Addingezetimibeto | 7y | 39 7% vs 34.7% ~20
ODYSSEY Adding alirocumab 2.8 vr 9 5% vs 11 1% ~16
OUTCOMES after ACS -2 Jie Sl ks
FOURIER Adding evolocumab | 55 s | 989 vs11.3% T

(stable disease)

[ Meta-AnaIysm Callout: Across 170,000 patients, every 38.7 mg/dL (1
mmol/L) drop in LDL-C lowers major vascular events by ~22%. '

T Gemini Notebook



The Descent: How Low Should LDL Go?
7 Eﬂ::: Lurﬂg;ﬂ':;zg; tﬁgllisnt}es?rlnng statins., \

Below 55 mg/dL: Established.
/ Proven in randomized trials of add-on
- medicines (IMPROVE-IT, FOURIER).

~30 to 40 mg/dL: Strongly Supported.
The medicine groups in large trials successfully
reached this level and did better.

> Below 20 mg/dL: Suggestive.
: i Thousands reached this level. They
. did better, with no major safety signal.

But patients were not randomly
' assigned to this specific target.

‘ Clinical Reality Check: No randomized trial has
& proven that specifically aiming for 10 or 20
mg/dL beats aiming for 30 or 40 mg/dL. }
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Cumulative Risk (%)

The Hidden Ingredient: Time

l--ThE Lag Effect —l

Anatomy takes time to heal.

== Placebo In FOURIER, the relative risk reduction
- was ~16% in year one, but leaped to
L~25% after the first year.

¥

FOURIER-OLE
Extension Period

l_‘a'ne Legacy Effect [FDIJF?IER-E!LE]_I

After FOURIER ended, survivors were
all placed on open-label evolocumab
for 5 more years. The group that
started the drug two years earlier still
Lljad fewer cardiovascular events.

-
1

Insight

Early, aggressive lipid lowering
leaves a lasting protective legacy
1 | ey A | | | | ] in the artery wall.

|
YearD 1 2 3 4 <8 B 7 8 g 10

-

M Gemini Notebook



'.ure's Experiment: People Born with Low LDL

l’ff — =
The Genetic Lottery

.
Some individuals inherit genetic variants
7 ® 1 (like PCSK9 nonsense mutations) that

( result in low LDL-C from birth, completely
¥ | independent of lifestyle. I

| The Staggering Results
In the ARIC study, Black participants
carrying inactivating PCSK9 variants had

~28% lower LDL-C. This lifelong 28%
i reduction resulted in an 88% lower risk
| of coronary heart disease over 15 years. I

= =
The Outcome

Across massive genetic datasets, each
38.7 mg/dL of lifelong lower LDL-C
halves coronary risk—roughly three
times the benefit seen when statins are

started late in life. #JI
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) Heart Attack Event

PCSK9 Genetic Mutation

Cumulative Toxic Plaque Burden

-I— . :
Age 0 10 20 30 40 50 Age 55 60 70 80

Insight
Atherosclerosis is driven by the total, accumulated exposure of the artery wall to ApoB particles over a lifetime.
Lowering LDL at age 60 stops future damage, but it cannot erase forty years of historical exposure and the plaque it built.




The Biological Floor: Why Risk Never Reaches Zero

Even below 20 mg/dL, events occur. Why?

@ — = [ N Pla_que Erosion |

/\ Historical Architecture Not all attacks come from cap rupture.

Plaque built over decades shrinks ’ /| Some happen u{h en the artery lining
~ (endothelium) simply wears away. | I

only 1-2%. The scar remains.

>

I” /\ Other Pathogens | /\ Systemic Pressures :
Lipoprotein(a), triglycerides, and

/ > il Smoking, high blood pressure, and
residual inflammation continue to R diabetes maintain constant stress
damage the wall independently of LDL. \h on the vascular system. I
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Is Very Low LDL Safe?

" The Biological Truth

Cells make their own cholesterol. The brain and
hormones are not dependent on blood-borne LDL.
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The EBBINGHAUS trial formally tracked cognitive
testing. Result: No difference in memory or thinking

e =
Cognitive Function
with evolocumab versus placebo.
b

Diabetes

Statins modestly raise the risk of new diabetes
(mostly in borderline patients). Injected PCSK9
inhibitors have not shown a comparable increase.

V%

~
1

The Caveat

Evidence is reassuring up to ~8 years. True lifelong
safety of drug-induced extreme lows remains

unknown, and drug-specific side effects (like |
muscle aches or injection reactions) still apply.

J/_—_‘\
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The Formula of Protection

BASELINE
BENEFIT = PASELIE

Baseline Risk
(The Stent Illusion)
The highest absolute benefit is seen in

patients who already have vulnerable
plague (post-heart attack).

Reduction Depth
(The Volume lllusion)
Driving LDL-C deeply (<55 mg/dL)
structurally transforms the plague
from fragile to fibrous.

LDL REDUCTION ., TIME
DEPTH

* EXPOSED

Time Exposed
(Area Under the Curve)

The legacy effect and genetic data prove
that the longer the plaque is starved of ApoB
particles, the safer the vessel becomes.
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The Blueprint for Protection: What to Ask Your Cardiologist

[[_—n: A\ ﬁ
1. What is my exact LDL-C goal?

(Guidelines aim for <55 mg/dL for ‘very high risk’

patients, and <70 mg/dL for general ASCVD).

2. Am | at goal on my current statin?
(If not, ask about add-on therapies like ezetimibe
or a PCSK9 inhibitor).

3. Have we checked my ApoB or Lp(a)?

(Crucial tests for hidden risk, especially if you have
high triglycerides or diabetes).

4. How are we treating the whole picture?
(Blood pressure, blood sugar, cardiac rehab, and

l smoking cessation). | !

" FINAL DIRECTIVE: Stay on treatment. The biological benefit of a thicker cap
{ builds over years, but the protection fades if the medication stops. = =




