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A Catastrophic
Failure of Hepatic
Clearance

An ultra-rare (1:160K—1:300K) genetic
condition defined by the near-complete
inability to clear LDL particles from
systemic circulation from birth.

Extreme
Null-Receptor
HoFH:

LDL-C

>1,000 mg/dL

Normolipidemic: (26 mmol/L)

LDL-C <130 mg/dL
(3.4 mmol/L)

EAS 2023 HoFH Suspected
Threshold: Untreated LDL-C

>400 mg/dL (10 mmol/L) — Refined
from historical 500 mg/dL to
capture pediatric variances.




The HOFH Sitosterolemia: Extreme LDL

+ Xanthomas (Biallelic

Diag nOStlc Matrix j. ABCG5/8 variants; Responds

rapidly to diet/ezetimibe).

Criteria: Untreated LDL >400 mg/dL
(or >300 mg/dL on Statin+Ezetimibe) ) - s
+ Xanthomas before age 10 + HeFH Ly;:;gg:;ﬁ ‘(:ll_i::'%a;se

in both parents. Premature atherosclerosis
(Requires enzyme replacement).

Cerebrotendinous
Xanthomatosis (CTX):
Xanthomas present, but

Confirmation: Bi-allelic variants in

LDLR. APOB. PCSK9. or LDLRAP1 cholesterol normal/mildly
: | ' | elevated.



The Genetic Triad of Receptor Failure

rAPDE: The binding ligand. -\
Mutations impair the ability of
the LDL particle to dock with its

kre-::e ptor. J

rLDLR: The primary ar:hitel:ture.\
Biallelic mutations in the LDL
receptor gene prevent hepatic

k_uptake.

rFCSIE?: The degradation \
engine. Gain-of-function
mutations accelerate the

l\destructinn of the LDL rece ptt}rs:)
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Note: ARH (Autosomal Recessive Hypercholesterolemia) is driven by LDLRAP1 loss-of-function variants.



Six Stages of
Receptor Impairment

. Y B N, (Receptor binds LDL but

Class 3: Defective binding
(ApoB to LDLR).

e cannot pull it in).
e
s Class 5:
. . : ’i} Defective
g recycling.

Class 1 (Null): No
detectable synthesis. *~
(Phenotype: Extreme

>600 mg/dL). |

E I -~ &-_w_ - ; . - ¢ I.-‘ =
: - g ¢ » \ - : il
- A %\ A \ a J Class 2:
A .

-
-2¥

.~ Defective transport
from ER to Golgi.

Class 6: et
Defective
membrane insertion.

Insight: Class 1 mutations yield
minimal response to traditional
statins or PCSK9 inhibitors.



Genotype Determines the Baseline Threat

il

Panel A: Receptor-Negative (Null/Null)

LDLR Activity: <2%

B ]

0 9% 10% 15% 20% 25% 30%

Untreated LDL-C: >600 mg/dL (>15.5 mmol/L)

(= B— |

| | | | | L
0 100 200 300 400 200 600

Statin Response: Minimal (~14% reduction)
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Panel B: Receptor-Defective

LDLR Activity: 2%-25%
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0 D% 10% 15% 20% 25% 30%

Untreated LDL-C: 300—-500 mg/dL

| | | | | | 1 1 -
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Statin Response: Moderate (~23% reduction)
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Normal reference baseline: LDLR 100%, LDL-C <130 mg/dL, Statin response 40—55%.



The Particle Paradox: Mass over Size

Circulation Time: LDL particles in HoFH
remain trapped in the blood for 5-6 days
(vs. 2.5 days normal), becoming highly
modified and atherogenic.

ApoB Load: ApoB levels run 4-6x normal
(often >400 mg/dL).

The Concordance Rule: Unlike general
populations where small, dense LDL (Pattern
B, ratio <1.2) drives risk, HoFH features
concordantly high LDL-C and ApoB.

Insight: The extreme risk is driven by sheer

volume of cholesterol mass and absolute particle
number, not merely a shift in particle size.




The Cumulative Threshold of Early Mortality

Key Insight: Atherosclerosis is a function of concentration multiplied by time. In HoFH,
children achieve a lifetime’s worth of intimal cholesterol exposure before puberty.

200

160 mmol/L-years (ASCVD Onset)
/ 125 mmol/L-years (First Ml)

Danger Line
150

Untreated HoFH ~13 mmol/L

100 (Hits the 160 threshold at Age 12)
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Accelerated Intimal Saturdtic
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Mechanism: Driven by unparalleled
hypercholesterolemia (often 12-30
mmol/L), the sheer flux of lipoproteins
iInto the arterial wall overwhelms repair
mechanisms.

Progression: In the general population,
the transition from fatty streaks to
obstructive plaques takes decades. In
HoFH, highly inflammatory, lipid-rich
plaques form within the first few
years of life.
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The Aortic Root and Osti al Chokepoints
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Supravalvular Aortic

Stenosis (SVAS): _— -
Unlike calcific stenosis Ostial Occlusion:
in the elderly, Plaque deposition

HoFH causes massive
infiltration of the aortic
wall and valve leaflets by
cholesterol-rich
xanthomatous tissue.

preferentially targets
the coronary ostia,
creating a risk for
sudden, total
occlusion and cardiac
death in children
children who lack
diffuse downstream
coronary disease.




Systemic Spillover: The Timeline
of Manifestations

r

.r'fr. ]

<1 Year: Cutaneous Xanthomas. —
Marker of extreme systemic saturation.
- '

<10 Years: Corneal Arcus & Xanthelasmas. | » N o '
Early indicators of lipid spillover. | \~"® -

5-15 Years: Tendon Xanthomas. —
Cumulative tissue deposition.

5-30 Years: Aortic Root Stenosis &
Myocardial Infarction.

The terminal vascular outcome.




The Pediatric Reality vs. Adult Survival Bias

@
w Adults (CASCADE Registry)

O : |
l'\ Children (CASCADE Registry)

Untreated LDL-C Median: 776 mg/dL Untreated LDL-C Median: 533 mg/dL

= —

ASCVD at Enroliment: 43.8% ASCVD at Enrollment: 78.4%

— o—

CABG Surgery: 12.5% CABG Surgery: 41.2%

m O - .xh. )

Insight: Children present with significantly higher baseline LDL-C because extreme cases develop visible

symptoms early. Adults with milder elevations often go undiagnosed until major cardiac events occur later in life.
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The Natural History: Lehzen & Knauss (1889)

The First Autopsy: Documented the
untreated progression in an 11-year-old
female presenting with massive Achilles
xanthomas and a blowing systolic
murmur.

Pathological Findings at Age 11:

- Aorta heavily thickened with sclerotic
fat plaques.

£ Aortic valve stenotic due to massive
intimal changes.

@ Left carotid artery nearly completely

occluded.
[ Insight: The average historical age of death for \__J_ /o
untreated HoFH was appmxlmately 18 years, =
with initial infarctions occurring as early as age 5. )', .




Risk Multipliers: The Lp(a) Threat

!Eal Pathology: Lipoprotein(a) adds
~ an apolipoprotein(a) moiety to

~ the LDL particle, conferring

~ dangerous pro-thrombotic and

| pru-inﬂammatury properties.

o

Thrombosis Inflammation

LDL e e
. The Clearance Bottleneck: Because Lp(a) relies primarily
The Clearance Bottleneck: % onthe LDL receptor for clearance, ar collinriulators,
~ e levels are frequently twice as high in HoFH patients |
. . S . =7 . compared to the general population. ‘
Lp(a) Lp(a) . . | . TN

L / l Clinical Impact: High Lp(a) radically
e 0

accelerates atherosclerosis and heightens
LDL Receptor Accumulate the risk of early plaque rupture.
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Protective Modifiers: Why Some Survive Longer

O

@’P PCSK9 Loss-of-Function

Co-inheriting this variant lowers

receptor density. Can significantly

PCSKO levels, increasing hepatocyte

counteract pathogenic LDLR variants.

(CF ANGPTL3 Loss-of-Function

Lowers LDL/VLDL through mechanisms largely
independent of the LDL receptor, proving potent
even in receptor-negative patients.

o

O

-

APOB Truncations
(Hypobetalipoproteinemia)

Reduces the liver's production of
atherogenic vehicles entirely,
limiting the maximum achievable
LDL-C level.

J




Beating the Assumed Prognosis: Extreme Phenotype Survival

=

The 57-Year-Old Tokyo Case (1987)

Genotype: Homozygous for a Class 4 internalization defect.

Mechanism: Receptors could bind LDL but not internalize it.
Untreated LDL-C settled at a lower peak of 461 mg/dL,
allowing survival into late 50s without modern statins.

| The 59-Year-Old Czech Case (2025) :

Genotype: Compound heterozygote (p.Phe114lle / p.Gly592Glu).

Mechanism: Specific genetic combination conferred enough
residual LDLR activity to prevent childhood mortality,
undiagnosed until age 41.




Luminescent Clinical Atlas

Receptor-Independent Salvage Therapies

The Challenge: Standard therapies (statins) rely
on upregulating the defective LDL receptor,
rendering them largely ineffective in null patients.

L

77

ﬂ} Evinacumab (ANGPTL3 Inhibitor):
Enhances receptor-independent

lipid clearance. Achieves Y. .
b
I

{:} Lomitapide (MTP Inhibitor):
Reduces VLDL/LDL production

at the source. Yields ~50% N
ﬁp

43-53% reductions evenin a

LDL-C reduction independent
receptor-negative cohorts.

of receptor genotype.

LDL receptor
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The Genomic Horizon: In Vivo Base Editing

The Mechanism: Moving beyond
lifelong infusions, preclinical and early
clinical trials are deploying in vivo
CRISPR base editing to directly alter
LDLR or PCSK9 genes in the liver.

The Potential: A one-and-done
therapeutic approach capable of
restoring functional clearance
mechanisms.

The Hurdle: Long-term genomic |\
stability and safety in pediatric |
populations remain the primary
clinical uncertainties of the coming
decade.



The HoFH Clinical Imperative

g
The Defect:

An unparalleled hepatic
clearance failure driving massive
atherogenic particle retention.

The Burden:

The accelerated compression of
- lifetime's vascular cholesterol
exposure into the first decade of life.

The Mandate:
Survival is determined entirely by the speed
of diagnosis and the immediate deployment
of aggressive, receptor-independent LDL-C
lowering to delay the cumulative threshold.



