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Introduction

Hypercholesterolemiaq,
marked by elevated
cholesterol levels, is a
significant contributor to
cardiovascular disease, the
leading global cause of
death.

Despite advancements in treatment, the complexity of the condition underscores the need for
continued innovation in clinical trials to develop effective therapies and refine protocols.

This whitepaper explores the critical aspects of hypercholesterolemia clinical trials, including
diagnostic criteria, epidemiology, pivotal endpoints, and the challenges of endpoint
determination. It also examines FDA-approved therapies, failed drug candidates, and common
pitfalls in trial design, highlighting lessons from past failures. Safety concerns, a key
consideration in lipid-lowering therapies, are addressed with strategies for risk mitigation.

Finally, recommendations for enhancing trial protocols are provided, focusing on improving
patient selection, streamlining processes, and achieving reliable outcomes. This paper serves
as a resource for advancing hypercholesterolemia research and improving patient care.
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Key Characteristics

Hypercholesterolemia is defined as an abnormally high level of cholesterol
in the blood, with a particular focus on low-density lipoprotein cholesterol
(LDL-C). Elevated LDL-C is a primary risk factor for atherosclerosis, a
condition in which plaque builds up in the arterial walls, leading to a
narrowing and hardening of the arteries. Over time, this plagque
accumulation can restrict blood flow, ultimately leading to cardiovascular
events such as heart attacks and strokes. Hypercholesterolemia can be
classified as either primary (genetic) or secondary (caused by other
conditions or lifestyle factors), with familial hypercholesterolemia (FH)
being the most common form of inherited high cholesterol.

Cholesterol is a crucial lipid molecule involved in cell membrane integrity,
hormone synthesis, and vitamin D production. However, excess cholesterol
in the blood is harmful, as it can form plaques within arteries. There are two
main types of cholesterol:

- Low-Density Lipoprotein (LDL): Often referred to as "bad cholesterol,” high
levels contribute to plaque buildup and increased cardiovascular risk.

- High-Density Lipoprotein (HDL): Known as "good cholesterol," it assists in
transporting cholesterol away from the arteries and back to the liver, where
it can be processed and excreted.

The relationship between cholesterol levels and cardiovascular disease
was first identified in the early 20th century, but it wasn't until the 1950s that
studies began to strongly link elevated cholesterol with coronary artery
disease (CAD). In the 1970s, landmark studies like the Framingham Heart
Study provided substantial evidence that high cholesterol is a critical
modifiable risk factor for cardiovascular disease, sparking significant public
health efforts.

During the 1980s and 1990s, the development of statins revolutionized
hypercholesterolemia treatment by demonstrating that lowering LDL-C
could substantially reduce the risk of cardiovascular events. Since then,
understanding of hypercholesterolemia has advanced, particularly
regarding genetic factors. The identification of key genetic mutations—
such as those in the LDLR, PCSK9, and APOB genes—has enabled better
detection and diagnosis of familial hypercholesterolemia, a condition that
affects an estimated 1 in 250 individuals globally. The most recent
therapeutic innovations, including PCSK9 inhibitors, are based on the
molecular understanding of cholesterol metabolism, targeting specific
pathways for LDL-C reduction.



Contributing Factors

« Biological Factors: Hypercholesterolemia is influenced by both genetic
and metabolic processes. Familial hypercholesterolemia (FH), a genetic
disorder caused by mutations in genes involved in cholesterol metabolism,
can cause very high LDL-C levels from a young age and significantly
elevate the risk of premature cardiovascular disease. Additionally, insulin
resistance, metabolic syndrome, and liver dysfunction can also exacerbate
cholesterol accumulation.

« Psychological Factors: While not direct causes of hypercholesterolemia,
psychological factors like stress and lifestyle behaviors can indirectly
contribute to cholesterol levels. Chronic stress can lead to poor dietary

choices and physical inactivity, both of which are known to increase
cholesterol levels. Additionally, stress has been linked to increased LDL-C
and total cholesterol levels through mechanisms involving cortisol and
adrenaline.

« Environmental Factors: Diet and lifestyle are major contributors to
hypercholesterolemia, particularly diets high in saturated fats and trans
fats, which increase LDL-C levels. Physical inactivity and obesity further
contribute by reducing HDL levels and increasing triglyceride levels. Other
environmental factors such as alcohol consumption and smoking also
negatively impact cholesterol levels, and exposure to pollutants has been
associated with oxidative stress, which can impact lipid metabolism.

Hypercholesterolemia is widespread, affecting approximately 12% of U.S. adults
in 2023. The condition is common globally, particularly in developed countries,
where dietary habits high in saturated fats and an increasingly sedentary
lifestyle contribute to elevated cholesterol levels. In the United States,
hypercholesterolemia prevalence among adults has risen over the past
decade, partly due to lifestyle factors such as poor diet and reduced physical
activity.

Efforts to control hypercholesterolemia through public health initiatives and
guidelines for managing cholesterol have shown mixed success. While
educational campaigns and guidelines on cholesterol management have
positively impacted awareness, rising rates of obesity and diabetes counteract
these gains. Given these mixed factors, hypercholesterolemia prevalence is
expected to show a mild increase over the next decade, with projections
indicating that it could affect over 13% of the population by 2033, especially if
dietary and lifestyle patterns remain unchanged.

Year Estimated Prevalence (%)
2013 10.5
2018 11.0
2023 12.0
2028 (proj.) 125

2033 (proj.) 13.0



Market for Hypercholesterolemia Treatment

The global market for hypercholesterolemia treatments was valued at
approximately $15 billion in 2023. This market is largely driven by the
demand for lipid-lowering therapies, particularly statins, which remain
a cornerstone of treatment. The market for PCSK9 inhibitors, a newer
class of lipid-lowering drugs, is also expanding due to their efficacy in
high-risk patients, including those with familial hypercholesterolemia
and statin intolerance.

The market is expected to grow at a rate of 3-5% over the coming
decade, driven by factors such as the high prevalence of

hypercholesterolemia and the ongoing need for effective
cardiovascular risk reduction. Additionally, the increasing incidence of
obesity and diabetes worldwide contributes to the demand for
hypercholesterolemia treatments. Advances in genetic testing and
precision medicine approaches are also expected to fuel growth, as
they allow for more tailored treatment strategies, especially for familial
hypercholesterolemia patients.

Key Drugs in the U.S. Market

Market Share Earning Potential

Drug Name Manufacturer (%) (USD million)
Atorvastatin | Pfizer 28 $2,500
Rosuvastatin | AstraZeneca 18 $1,200
Evolocumab | Amgen 15 $1,000
Alirocumab | Sanofi/Regeneron |10 $800
Ezetimibe Merck 8 $600

« Atorvastatin and Rosuvastatin are widely prescribed due to their
robust evidence for lowering LDL-C and preventing cardiovascular
events, particularly in high-risk individuals.

«  PCSK9 Inhibitors (Evolocumab and Alirocumab) are gaining
traction as alternatives or add-ons for patients who are unable to
achieve LDL-C targets with statins alone, particularly in familial
hypercholesterolemia and high-risk cardiovascular patients.

« Ezetimibe is commonly used as an adjunct to statins, especially in
cases where additional LDL-C lowering is needed but statin dosage
cannot be increased due to side effects.




Diagnostic Criteria (ICD-11 Guidelines)

+ Hypercholesterolemia is diagnosed based on persistent elevated
levels of total cholesterol (TC) and LDL-C. Diagnostic cutoffs typically
involve:

« LDL-C levels 2 190 mg/dL in non-familial cases.

« LDL-C levels > 160 mg/dL for those with a familial predisposition
or existing cardiovascular disease risk factors.
Primary Indicators for Diagnosis:
Elevated serum cholesterol, particularly LDL-C levels.

Presence of physical manifestations such as tendon
xanthomas (often seen in familial cases).

Family history of early-onset cardiovascular
particularly if first-degree relatives were affected.

disease,

Secondary Hypercholesterolemia (when diagnosed under ICD-11)
includes hypercholesterolemia as a result of underlying conditions
like diabetes, hypothyroidism, or nephrotic syndrome, where the
cholesterol levels are a consequence of these disorders.

Supplementary Diagnostic Information:

« Additional lipid profile tests are recommended, such as triglycerides
and high-density lipoprotein cholesterol (HDL-C), to confirm the
nature and extent of lipid imbalance.

- Genetic testing is suggested for familial hypercholesterolemia (FH)
cases to identify pathogenic variants in LDLR, APOB, or PCSK9 genes.

For ongoing management and research perspectives, the precision
in identifying genetic variants through ICD-TI criteria facilitates
targeted therapies, especially important in managing familial
hypercholesterolemia.



Epidemiology of Hypercholesterolemia
1. Age

« Young Adults (18-39 years): Approximately 10-15% of adults in this age group
in the United States and similar high-income countries have elevated
cholesterol levels, often due to early onset of risk factors like poor diet and

obesity.

- Middle Age (40-59 years): In this group, prevalence rises sharply to 30-40%,
as metabolic changes, lifestyle factors, and genetic predispositions become

more pronounced.

« Older Adults (60+ years): Up to 50% or more of adults over 60 years have
hypercholesterolemia, partly due to cumulative exposure to lifestyle factors

and the decline of cholesterol metabolism with age.

In younger populations, familial hypercholesterolemia (FH) contributes to

hypercholesterolemia cases.

2. Gender

Men: Men tend to have higher total cholesterol and LDL-C levels earlier in life,
with the risk increasing significantly around their 30s and peaking in their 40s

and 50s. By age 60, about 40-50% of men may have elevated cholesterol.

+ Women: In premenopausal women, estrogen provides a protective effect
that helps to keep cholesterol levels relatively lower compared to men of
similar ages. However, following menopause, cholesterol levels in women
increase sharply, often surpassing those of men in older age groups. As a
result, 40-50% of postmenopausal women have elevated cholesterol levels,

similar to older men.

This gender-based difference is primarily due to hormonal influences,
particularly estrogen, which positively affects HDL-C and LDL-C levels in women
before menopause. After menopause, reduced estrogen levels lead to a

decline in HDL-C and an increase in LDL-C.

WN GENU

3. Race and Ethnicity

+ Non-Hispanic White Adults: This group has one of the highest reported
prevalence rates of hypercholesterolemia, with about 12-14% of adults
having elevated cholesterol levels.

» African American Adults: Similar to non-Hispanic whites, African Americans
also show high prevalence rates, but the distribution differs slightly, as
African Americans often have higher HDL-C levels, which may offset some
CVD risks associated with elevated LDL-C.

» Hispanic Adults: Hypercholesterolemia rates in Hispanic adults are similar
to or slightly lower than those in non-Hispanic white adults, with
prevalence estimated at 10-12%. However, within the Hispanic population,
Mexican Americans have a slightly higher prevalence than other Hispanic
subgroups.

+ Asian Americans: Asian Americans tend to have slightly lower rates of
hypercholesterolemia, with variations among subgroups. For instance,
South Asians are at a higher risk of lipid abnormalities and elevated LDL-C
levels, while East Asians often show lower levels. However, changes in diet
and lifestyle have led to increasing rates in this population.

Ethnic variations in hypercholesterolemia prevalence reflect a complex
interplay of genetic predispositions, dietary habits, and lifestyle differences.
Additionally, access to healthcare and variations in health education and
preventive measures contribute to the observed disparities in prevalence
rates across racial and ethnic groups.



Pivotal Endpoints in Hypercholesterolemia

1. LDL-C Reduction:

+ Challenges in Implementation:
Variability in LDL-C response among
patients; some experience a plateau
despite therapy. sample sizes to capture enough
+ Solutions: cardiovascular events.
Incorporate genetic testing to predict LDL- + Solutions:

C responders and personalize dosing; Use interim surrogate markers, like
consider alternative lipid markers imaging or plague assessments, to project
risk reduction early in the trial.

2. Major Adverse Cardiovascular Events
(MACE) Reduction

+ Challenges in Implementation
Requires long-term follow-up and large

5. Quality of Life Metrics

+ Challenges in Implementation

Qol outcomes are subjective and may be
influenced by external factors unrelated to
treatment efficacy.

« Solutions:

Use validated QoL questionnaires; correlate
QoL improvements with clinical endpoints
to reinforce patient benefits.

3. Apolipoprotein B (ApoB) Reduction

+ Challenges in Implementation

ApoB testing is less available and not
universally integrated into practice; may
require validation as a primary marker.

» Solutions:

Include ApoB as a secondary endpoint;
develop accessible and standardized
ApoB testing protocols. .

6. Long-Term Cardiovascular Outcomes

+ Challenges in Implementation

Very lengthy studies are needed to
demonstrate direct impact on
cardiovascular mortality and morbidity.

» Solutions:

Consider surrogate markers validated by
epidemiology, such as percent LDL-C
reduction; utilize composite endpoints.
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FDA-Approved Drugs for Hypercholesterolemia

Drug Name

Atorvastatin

Rosuvastatin

Evolocumab

Alirocumalb

Ezetimibe

Year of Approval

Sponsor

AstraZeneca

Sanofi

Mechanism of Action

HMG-CoA reductase inhibitor

HMG-CoA reductase inhibitor

PCSK9 inhibitor

PCSK9 inhibitor

Cholesterol absorption inhibitor

Therapeutic Effects

Lowers LDL and total cholesterol

Lowers LDL, stabilizes plaque

Lowers LDL cholesterol

Lowers LDL cholesterol

Lowers LDL when used with statins
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Pivotal Clinical Trials for Hypercholesterolemia

Drug Name NCT Number Sample Size Key Findings

Atorvastatin NCT00379769 Showed 30% LDL reduction; 25% decrease in major CV events

Rosuvastatin NCT00239681 Demonstrated superior LDL reduction; reduced stroke risk by 27%

Evolocumab NCT01764633 Achieved 59% LDL reduction; lowered risk of CV events by 20%

Alirocumab NCT01663402 Reduced LDL by 60%; 15% reduction in CV mortality

Ezetimibe NCT00202878 Combined therapy reduced LDL; additive benefit with statins
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Approved Product Analysis: LIPITOR® (atorvastatin calcium)

Population

Hypertensive patients
aged 40-80 years

Patients with type 2
diabetes, ages 40—
75

Patients with clinically
evident CHD

Patients with history
of CHD

Patients with
hyperlipidemia, aged
18-75

Endpoint Scales Used Timepoint

Fatal and non-fatal .

. - Median 3.3
coronary heart disease | Not specified ears
events Y

Not specified Median 3.9
years
Not specified Median 4.9
years
Major coronary event .
(CHD death, MI, cardiac  Not specified MeeC;:Ir:;n 48
arrest) y

Lipid level changes
(Total-C, LDL-C, Apo B,
TG, HDL-C, Non-HDL-
C/HDL-C)

Major cardiovascular
events (M|, CHD death,
unstable anging,
revascularization,
stroke)

Major cardiovascular
events (MCVE: CHD
death, M|, stroke)

Adjusted %
change from
baseline

6 weeks

Sample Size

N=10,305 (LlPlTOR 10 mg: n=5168,
Placebo: n=5137)

N=2838 (LIPITOR 10 mg: n=1429,
Placebo: n=1411)

N=10,001 (LIPITOR 80 mg: n=4995,
LIPITOR 10 mg: n=5006)

N=8,888 (LIPITOR 80 mg vs
Simvastatin 20-40 mg

N varies by dose (Placebo: n=21,
LIPITOR 10-80 mg: n=22-23)

Magnitude of Improvement

36% reduction in major coronary events (46 vs.
60 events per 1000 patients), RR 0.64 (0.50-
0.83), p=0.0005.

37% reduction in primary endpoint events (83
vs. 127 events), HR 0.63 (0.48-0.83), p=0.001.
Stroke reduced by 48%, Ml by 42%.

22% reduction in MCVE (434 vs. 548 events), HR
0.78 (0.69-0.89), p=0.0002. Reduction seen
regardless of age or sex.

No significant difference in primary endpoint;
HR 0.89 (0.78-1.01), p=0.07.

Dose-dependent reductions: Total-C by up to -
45%, LDL-C by up to -60%, TG by up to -37%, Apo
B by up to -50%.
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Approved Product Analysis: LIPITOR® (atorvastatin calcium) (cont.)

Population Endpoint Scales Used

Mean %
change from
baseline

Lipid level changes
compared with other
statins

Patients with primary
hyperlipidemia

Lipid level changes
(TG, Total-C, LDL-C,
HDL-C, VLDL-C, non-
HDL-C)

Median %
change from
baseline

Patients with isolated
hypertriglyceridemia (Type IV)

Lipid level changes
(Total-C, Triglycerides,
IDL-C + VLDL-C, non-

Patients with homozygous ) i
. . LDL-C reduction Not specified
familial hypercholesterolemia

Mean %
change from
baseline at
endpoint

Patients with Median %

change from
baseline

dysbetalipoproteinemia

Pediatric patients (ages 10-17)
with heterozygous familial
hypercholesterolemia

Lipid level changes
(Total-C, LDL-C, HDL-C,
TG, Apo B)

Timepoint

16 weeks

Not
specified

Not
specified

Not
specified

Sample Size

N varies by study (Study :
LIPITOR n=707, Lovastatin
n=191; Study 2: LIPITOR n=222,
Pravastatin n=77; Study 3:
LIPITOR n=132, Simvastatin
n=45)

Placebo: N=12,

LIPITOR 10 mg: N=37, 20 mg:
N=13, 80 mg: N=14

LIPITOR 10 mg: N=16

N=29 (20-80 mg dose
range)

Placebo: N=47, LIPITOR: N=140

Magnitude of Improvement

LIPITOR significantly greater reductions than
comparators in Total-C, LDL-C, Apo B, and TG,
except HDL-C which was increased comparably.

Significant dose-dependent reductions. TG
reduced by up to -51.8% (80 mg), Total-C by up
to -44.4%, LDL-C by up to -40.5%.

Total-C reduced by -37% to -58%, Triglycerides
by -39% to -53% across dosages. Non-HDL-C
reduced by -43% to -64%.

Mean LDL-C reduction of 18%, with individual
responses ranging from -7% to -53%.

LDL-C reduced by -39.6%, Total-C by -31.4%, TG
by -12.0%, Apo B by -34.0%, with HDL-C increased
by 2.8%.
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Approved Product Analysis: CRESTOR (rosuvastatin calcium) tablets

Population Endpoint ScalesUsed Timepoint |Sample Size Magnitude of Improvement

Placebo: N=13, CRESTOR showed dose-dependent

CRESTOR 5 m@: N=17,10 | improvements. LDL-C reduced by up to -63%
mg: N=17,20 mg: N=17, | (40 mg), Total-C by up to -46%, TG by up to -
40 mg: N=18 35%.

Patients with Lipid level changes (Total-C, | Adjusted mean
hyperlipidemia or mixed | LDL-C, non-HDL-C, Apo B, TG, | % change from
dyslipidemia HDL-C) baseline

: : LDL-C reduction :
Patients with Percent CRESTOR showed greater LDL-C reduction

. . (Comporison across statins:
hyperlipidemia (vs. other . change from 6 weeks N=156-167 per group across all doses vs. comparators: up to -55% for
. CRESTOR, atorvastatin, ) .
statins) ) ) ) baseline CRESTOR 40 mg vs. -51% for atorvastatin 80 mg.
simvastatin, pravastatin)

Patients with LS Mean % CRESTOR: N=435 CRESTOR reduced LDL-C significantly more than
heterozygous familial LDL-C reduction change from Week 6, 12,18 Atorvostétin' N—1,87 atorvastatin: up to -55% at 12 weeks for CRESTOR
hypercholesterolemia baseline ' 40 mg vs. -47% for atorvastatin 40 mg.

. . Placebo: N=26, )
Lipid level changes (TG, Median % Dose-dependent TG reductions, up to -43% (40

CRESTOR 5 mg: N=25,
non-HDL-C, VLDL-C, Total-C, | change from 6 weeks 10 rma: N=23. 20 ma: mg). LDL-C reduced by up to -43%, non-HDL-C
LDL-C, HDL-C) baseline 9 ' 9 by up to -51%.

N=27, 40 mg: N=25

Patients with primary
hypertriglyceridemia

Lipid level changes (Total-C, Median %

Triglycerides, non-HDL-C, change (95% CRESTOR 10 mg: N=32,
VLDL-C + IDL-C, LDL-C, HDL- Cl) from CRESTOR 20 mg: N=32
C, RLP-C, Apo-E) baseline

Patients with primary
dysbetalipoproteinemia

(Type i)

CRESTOR 20 mg significantly reduced non-HDL-
C by -56.4% to -64.9%, LDL-C by -54.4% to -
57.3%, and RLP-C by -56.4% to -64.9%.
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Approved Product Analysis: CRESTOR (rosuvastatin calcium) tablets (cont.)

Population Endpoint

Patients (ages 8-63) with
homozygous familial LDL-C reduction
hypercholesterolemia

Pediatric patients (ages
10-17) with heterozygous
familial
hypercholesterolemia

Lipid level changes (LDL-
C, HDL-C, Total-C, TG,
Apo B)

Low-risk patients with Rate of change in
elevated LDL-C and carotid intima-media
carotid atherosclerosis thickness (cIMT)

Adults (250 years men, 260  Major CV events (M,
years women) without stroke, revascularization,
CVD (JUPITER studly) CV death)

Scales Used

Not specified

LS mean % change
from baseline

Annualized rate of
change
(ultrasonography)

Time-to-first event,

HR

Timepoint

6-week
intervals

12 weeks
(double-
blind)

Mean 2 years

Sample Size

N=40 (CRESTOR 20-40 mg
titration)

Placebo: N=46, Rosuvastatin 5

mg: N=42, 10 mg: N=44, 20 mg:

N=44

N=984 (CRESTOR 40 mg vs.
Placebo)

N=17,802 (CRESTOR 20 mg:
n=890], Placebo: n=8901)

Magnitude of Improvement

Mean LDL-C reduction of 22%, with up to
30% reduction in patients achieving 215%
reduction.

Rosuvastatin 20 mg reduced LDL-C by -
50%, Total-C by -39%, TG by -16%, Apo B by
-41%; HDL-C increased by up to +11%.

CRESTOR reduced rate of cIMT change by
-0.0145 mm/year (95% CI-0.0196, -0.0093;
p<0.0001). 52.1% showed no disease
progression vs. 37.7% for placebo.

44% relative risk reduction in major CV
events (HR 0.56, 95% CI 0.46-0.69, p<0.001).
Nonfatal Ml reduced by 65%, stroke by
48%.
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Approved Product Analysis: REPATHA (evolocumab) injection

Population

Adults with Established
Cardiovascular Disease

Adults with Established
Cardiovascular Disease

Adults with Established
Cardiovascular Disease

Adults with
Hyperlipidemia
(including HeFH)

Adults with
Hyperlipidemia
(including HeFH)

Scales

Endpoint Used

Primary Composite

Endpoint N/A

Key Secondary
Composite Endpoint

Secondary Endpoints

LDL-C Reduction (vs.

Placebo) LbL=C

LDL-C Reduction (vs.

Ezetimibe) LbL-C

Timepoint

26 months

26 months

26 months

Sample Size

N=27,564 (13,784
REPATHA, 13,780
Placebo)

N=27,564 (13,784
REPATHA, 13,780
Placebo)

N=27,564 (13,784
REPATHA, 13,780
Placebo)

N=1,896 (across
different dosing and
background therapy)

N=1,896 (across
different dosing and
background therapy)

Magnitude of Improvement

Significant reduction in primary composite endpoint (cardiovascular
death, myocardial infarction, stroke, coronary revascularization,
unstable angina); HR 0.85 (95% Cl: 0.79, 0.92). Kaplan-Meier estimates
show cumulative incidence of primary endpoint at 3 years was 12.6%
with REPATHA vs. 14.6% with placebo.

Significant reduction in key secondary composite endpoint
(cardiovascular death, myocardial infarction, stroke); HR 0.80 (95% ClI:
0.73, 0.88). Kaplan-Meier estimates show cumulative incidence at 3
years was 7.9% with REPATHA vs. 9.9% with placebo.

Time to cardiovascular death: HR 1.05 (95% CI: 0.88, 1.25); Time to death
by any cause: HR 1.04 (95% CI: 0.91, 119); Time to first fatal/non-fatal MI:
HR 0.73 (95% CI: 0.65, 0.82); Time to first fatal/non-fatal stroke: HR 0.79
(95% CI: 0.66, 0.95); Time to first coronary revascularization: HR 0.78
(95% CI: 0.71, 0.86); Time to first hospitalization for unstable angina: HR
0.99 (95% CI: 0.82,118).

REPATHA every 2 weeks: -71% (95% CI: -74%, -67%) and REPATHA once
monthly: -63% (95% Cl: -68%, -57%) in LDL-C levels vs. placebo; p<0.0001.

REPATHA every 2 weeks: -45% (95% Cl: -52%, -39%) and REPATHA once
monthly: -41% (95% CI: -47%, -35%) in LDL-C levels vs. Ezetimibe;
p<0.0001.
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Approved Product Analysis: REPATHA (evolocumab) injection (cont.)

Population

Adults with Hyperlipidemia
(including HeFH)

Adults with Established
Cardiovascular Disease
(Substudy: EBBINGHAUS)

Adults with Hyperlipidemia
(DESCARTES Study)

Adults with Hyperlipidemia, No
Baseline Lipid Therapy
(MENDEL-2 Study)

Adults with Heterozygous
Familial Hypercholesterolemia
(HeFH) on Statins
(RUTHERFORD-2 Study)

Adolescents and Adults with
Homozygous Familial
Hypercholesterolemia (HoFH)
on Statins or Ezetimibe (TESLA
Studly)

Endpoint

Additional Lipid
Parameters

Cognitive Function
(Non-inferiority to
Placebo)

LDL-C Reduction
(vs. Placebo)

LDL-C Reduction
(vs. Placebo and
Ezetimibe)

LDL-C Reduction
(vs. Placebo)

LDL-C Reduction
(vs. Placebo)

Scales Used

Non-HDL-C, Apo B,
Total Cholesterol

Neuropsychological
assessments

Timepoint

12 weeks

19 months

Sample Size

N=1896 (across
different dosing
and background
therapy)

N=1974 (subset of
FOURIER
population)

N=901 (REPATHA
420 mg monthly:
599, Placebo: 302)

N=614 (140 mg
biweekly: 1563, 420
mg monthly: 153,
Placebo: 154,
Ezetimibe: 154)

N=329 (140 mg
biweekly: 110, 420
mg monthly: 110,
Placebo: 109)

N=49 (REPATHA
420 mg monthly:
33, Placebo: 16)

Magnitude of Improvement

Non-HDL-C reduction: -59% with every 2 weeks and -54% with
once monthly dosing; Apo B reduction: -55% with every 2
weeks and -50% with once monthly dosing; Total Cholesterol
reduction: -40% with every 2 weeks and -36% with once
monthly dosing (vs. placebo).

REPATHA was non-inferior to placebo in cognitive function
outcomes; median follow-up of 19 months.

REPATHA 420 mg monthly reduced LDL-C by -55% (95% ClI: -
60%, -50%) vs. placebo; p < 0.0001. Other parameters: Non-
HDL-C -46%, Apo B -40%, Total Cholesterol -31% vs. placebo.

REPATHA biweekly: -55% LDL-C (95% CI: -60%, ~50%) vs.
placebo and -37% vs. Ezetimibe; REPATHA monthly: -57% LDL-C
(95% Cl: -61%, -52%) vs. placebo and -38% vs. Ezetimibe; p <
0.0001.

REPATHA biweekly: -61% LDL-C (95% CI: -67%, -55%); REPATHA
monthly: -60% LDL-C (95% Cl: -68%, -52%) vs. placebo; p <
0.0001. Other parameters: Non-HDL-C -54%, Apo B -49%, Total
Cholesterol -40% vs. placebo.

REPATHA 420 mg monthly reduced LDL-C by -31% (95% CI: -
44%, -18%) vs. placebo; p < 0.0001. Other parameters: Non-
HDL-C -28%, Apo B -21%, Total Cholesterol -25% vs. placebo.
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Approved Product Analysis: PRALUENT® (alirocumab)

Population

Mixed Population (FH and
non-FH) on Maximally
Tolerated Statins (Study 1)

Endpoint

LDL-C Reduction
(vs. Placebo)

Scales Used |Timepoint

24 weeks

Sample Size

N=1553 (PRALUENT:
765, Placebo: 788)

Magnitude of Improvement

PRALUENT 150 mg Q2W reduced LDL-C by -58% (95% Cl: -61%, ~56%) vs.
placebo; p < 0.0001. Other parameters: Total-C -36%, Non-HDL-C -50%, Apo
B -51% vs. placebo.

Mixed Population (FH and
non-FH) on Maximally
Tolerated Statins (Study 2)

LDL-C Reduction
(vs. Placebo)

12 and 24
weeks

N=316 (PRALUENT:
209, Placebo: 107)

At week 12: PRALUENT 75 mg Q2W reduced LDL-C by -46% (95% CI: ~53%, -
39%) vs. placebo. At week 24: PRALUENT (75 mg with possible up-titration to
150 mg) reduced LDL-C by -44% (95% ClI: -50%, ~35%) vs. placebo.

Patients with HeFH on
Maximally Tolerated Statins
(Studies 3 & 4 Pooled)

LDL-C Reduction
(vs. Placebo)

12 and 24
weeks

N=735 (PRALUENT:
490, Placebo: 245)

At week 12: PRALUENT 75 mg Q2W reduced LDL-C by -48% (95% CI: -52%, -
44%) vs. placebo. At week 24: PRALUENT 75 mg up-titrated to 150 mg
reduced LDL-C by -54% (95% Cl: -59%, -50%) vs. placebo; p < 0.0001. Other
parameters: Total-C -36%, Non-HDL-C -49%, Apo B -42% vs. placebo.

Patients with HeFH on
Maximally Tolerated Statins
(Study 5)

LDL-C Reduction
(vs. Placebo)

24 weeks

N=107 (PRALUENT 150
mg Q2W: 72,
Placebo: 35)

PRALUENT 150 mg Q2W reduced LDL-C by -43% (vs. -7% with placebo), with
a treatment difference of -36% (95% CI: -49%, -24%); p < 0.0001.

Mixed Population with
Hypercholesterolemia on
Statins (Study 6)

LDL-C Reduction
(vs. Placebo)

12 and 24
weeks

N=547 (PRALUENT
300 mg Q4W: 312,
PRALUENT 75 mg
Q2W: 78, Placebo:
157)

At week 12, PRALUENT 300 mg Q4W reduced LDL-C by -54% (97.5% Cl: -61%, -
48%) and PRALUENT 75 mg Q2W by -44% (97.5% CI: -53%, -35%) vs. placebo.
At week 24, PRALUENT 300 mg Q4W reduced LDL-C by -56% (97.5% Cl: -62%,
-49%) and PRALUENT 75/150 mg Q2W by -48% (97.5% CI: -57%, ~39%) vs.
placebo; p < 0.0001.
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Approved Product Analysis: ZETIA® (ezetimibe) tablets

Population Endpoint Scales Used |Timepoint |Sample Size Magnitude of Improvement

Adults with Primary Reduction in Total- | LDL-C, Total-C,
Hyperlipidemia C, LDL-C, Apo B, Apo B, Non- 12 weeks
(Monotherapy, ZETIA) Non-HDL-C HDL-C

ZETIA reduced LDL-C by -18%, Total-C by -13%, Apo B by -16%,
and Non-HDL-C by -16% vs. placebo across two trials. Maximal
response achieved within 2 weeks.

Pooled Data: N=1,719 (ZETIA: 1,288,
Placebo: 431)

Adults with Primary
Hyperlipidemia on Statins
(ZETIA Added to Ongoing
Statin Therapy)

Reduction in Total- ' LDL-C, Total-C,
C, LDL-C, Apo B, Apo B, Non- 8 weeks
Non-HDL-C HDL-C

N=769 (Statin + ZETIA: 379, Statin + | ZETIA + Statin reduced LDL-C by -25%, Total-C by -17%, Apo B
Placebo: 390) by -19%, and Non-HDL-C by -23% vs. statin alone; p < 0.0001.

LDL-C reductions ranged from -51% (Simvastatin + ZETIA) to -
56% (Atorvastatin + ZETIA) across statin types. Total-C, Apo B,
and Non-HDL-C reductions also significantly greater with
ZETIA + Statin compared to statin alone.

Adults with Primary
Hyperlipidemia
(Concurrent Statin
Therapy)

Adults with Mixed Reduction in Total-  LDL-C, Total-C, 12 weeks, with  N=625 (ZETIA + Fenofibrate: 183, ZETIA + Fenofibrate reduced LDL-C by -20%, Total-C by -22%,
Hyperlipidemia (ZETIA + C, LDL-C, Apo B, Apo B, Non- 48-week Fenofibrate alone: 188, ZETIA alone: | Apo B by -26%, and Non-HDL-C by -30% vs. placebo. These
Fenofibrate) Non-HDL-C HDL-C extension 185, Placebo: 63) reductions were consistent after an additional 48 weeks.

Reduction in Total- | LDL-C, Total-C, Pooled data for each statin type
C, LDL-C, Apo B, Apo B, Non- 12 weeks (Atorvostotin, Simvastatin,
Non-HDL-C HDL-C Pravastatin, Lovastatin)

Adolescents with HeFH Reduction in Total- | LDL-C, Total-C,
(ZETIA + Simvastatin vs. C, LDL-C, Apo B, Apo B, Non- 6 weeks
Simvastatin Monotherapy) | Non-HDL-C HDL-C

ZETIA + Simvastatin reduced LDL-C by -15%, Total-C by -12%,
Apo B by -12%, and Non-HDL-C by -14% vs. Simvastatin
monotherapy. Reductions were consistent at Week 33.

N=248 (ZETIA + Simvastatin: 126,
Simvastatin alone: 122)

ZETIA combined with atorvastatin or simvastatin (40-80 mg)
reduced LDL-C by 21% compared to a 7% reduction with
atorvastatin or simvastatin monotherapy (40-80 mg). In
patients on ZETIA + 80 mg atorvastatin or simvastatin, LDL-C
was reduced by 27%.

Adults and Pediatric
Patients with HoFH (ZETIA + | Reduction in LDL-C 12 weeks
Statin)

N=50 (ZETIA + Statin: unspecified,
Statin alone: unspecified)

ZETIA reduced plasma sitosterol by 21% and campesterol by
24% vs. placebo, which showed increases of 4% and 3%,
respectively. Reductions were consistent for those on and off
bile acid sequestrants.

Adults and Pediatric Reduction in
Patients with Homozygous | Plasma Sitosterol
Sitosterolemia and Campesterol

Sitosterol,

Campesterol 8 weeks N=37 (ZETIA: 30, Placebo: 7)
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Failed Drug Candidates in the Last 10 Years for Hypercholesterolemia

Drug Name

Torcetrapib

Evacetrapib

Dalcetrapib

Anacetrapib

Gemcabene

ApoA-I Milano

ISIS-APO(a)Rx

Clinical Trial Identifier
(NCT Number)

NCT00134264

NCT01687998

NCT00658515

NCT01252953

NCT02155628

NCT00064053

NCT02160899

Reason for Termination

Increased cardiovascular events, mortality

Lack of cardiovascular benefit

No significant reduction in CV events

Marginal efficacy, cost concerns

Insufficient LDL-C reduction

Manufacturing and efficacy challenges

Unclear cardiovascular benefit

Trend Analysis

Failures in CETP inhibitor class

Continued challenges in CETP inhibition

Reduced confidence in CETP as a therapeutic target

Shifts focus to other lipid targets

Difficulty meeting LDL-C targets in non-statin
therapies

Issues with apoA-I approaches for plaque
regression

Complexity in addressing Lp(a) and CVD outcomes
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Key Failure Points in Clinical Trials for Hypercholesterolemia Treatments

1. LDL-C Reduction 3. Insufficient
Plateaus Cardiovascular
Outcome Data

4. Complexity of 5. Difficulty with 6. Patient

Genetic and Endpoint Selection Heterogeneity in
Phenotypic and Surrogate Comorbid Conditions
Variability Endpoint Reliability
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1. Failure Point: LDL-C Reduction Plateaus

Failure Point:

Many patients exhibit a plateau in LDL-C reduction despite
continued treatment, which limits the ability to achieve desired
cholesterol targets. This plateau effect can occur due to a
patient's genetic makeup, lifestyle factors, or the body’'s
compensatory mechanisms that maintain cholesterol levels.

Case Example:

Trials involving ezetimibe, a cholesterol absorption inhibitor, have
demonstrated that adding ezetimibe to statin therapy provides
only modest incremental LDL-C reductions in some patients.
Similarly, with PCSK9 inhibitors (e.g, evolocumab and
alirocumab), some patients do not achieve further LDL-C
reductions after a certain threshold, likely due to underlying
metabolic limits.

Solution Attempts:

To address LDL-C plateaus, trials increasingly incorporate
combination therapies, such as adding PCSK9 inhibitors to
statins or combining ezetimibe with statins. Recent studies also
include genetic testing to identify patients with specific lipid
metabolism characteristics that could influence treatment
response, thus improving trial design by identifying likely
responders.

.....
- &

2. Failure Point: Long-Term Safety and
Adherence Challenges

Failure Point:

Hypercholesterolemia treatment requires long-term adherence, but
many patients struggle with the prolonged use of lipid-lowering
medications, particularly due to side effects such as muscle pain
(common with statins) or injection-site reactions (common with
PCSKQ inhibitors). Adherence issues can lead to study dropouts,
affect outcome validity, and reduce statistical power.

Case Example:

The GAUSS-3 trial aimed to assess statin intolerance by comparing
statins to other lipid-lowering treatments. Many patients reported
muscle pain, leading to non-adherence and high dropout rates,
complicating the trial's interpretation and limiting the
generalizability of results.

Solution Attempts:

Trials now include adherence-enhancing measures, such as
education, lifestyle support, and regular monitoring. Some studies
integrate adherence biomarkers (e.g, monitoring blood statin
levels) to differentiate between actual drug response and poor
adherence. Further, newer drug formulations with fewer side effects,
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3. Failure Point: Insufficient Cardiovascular
Outcome Data

Failure Point:

In hypercholesterolemia trials, it often takes years to observe
significant differences in cardiovascular events like myocardial
infarctions and strokes, leading to prolonged trials that require
large sample sizes to capture enough events. This long timeline not
only increases costs but also introduces potential confounders,
such as changes in patients health or lifestyle.

Case Example:

The ACCELERATE trial for evacetrapib, a CETP inhibitor, was
terminated after it failed to show any reduction in cardiovascular
events despite significant lipid profile changes. The trial revealed
that even if lipid markers improve, they may not always translate
into clinical cardiovascular benefits, questioning the surrogate
endpoints used.

Solution Attempts:

To improve efficiency, many trials now use surrogate markers, such
as imaging-based endpoints (e.g, plaque volume changes) or
biochemical markers like apolipoprotein B, to predict
cardiovascular outcomes earlier in the trial. However, ensuring that
these markers are reliable predictors of long-term cardiovascular
events remains an ongoing challenge.

.....
-----
.....
P
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4. Failure Point: Complexity of Genetic and
Phenotypic Variability

Failure Point:

Hypercholesterolemia has a strong genetic component, with
substantial  variability in  treatment response.  Familial
hypercholesterolemia (FH), for instance, requires aggressive
treatment, and its response to standard lipid-lowering therapies
can vary. Genetic mutations in genes such as LDLR, APOB, and
PCSK9 may result in diminished efficacy for certain drugs,
complicating patient selection and endpoint achievement.

Case Example:

The FOURIER trial for the PCSK9 inhibitor evolocumab revealed that
while the drug was effective for many, response levels were
inconsistent, particularly in those with different genetic variants of
hypercholesterolemia. This variability affected the trial's ability to
achieve consistent LDL-C reductions across all participants.

Solution Attempts:

Advanced genetic screening protocols are now increasingly used
in trial enrollment to ensure a more homogenous response to
therapy. Subgroup analysis by genotype allows researchers to
understand specific responses, while personalized dosing based on
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5. Failure Point: Difficulty with Endpoint
Selection and Surrogate Endpoint Reliability

Failure Point:

The reliance on surrogate endpoints, such as LDL-C reduction, has
sometimes resulted in trials that fail to demonstrate actual
cardiovascular benefit. Not all LDL-C reductions lead to reduced
cardiovascular events, especially in cases where lipid
modifications do not impact plaque stability or inflammation.

Case Example:

The ILLUMINATE trial testing torcetrapib, a CETP inhibitor, found that
despite significant increases in HDL-C and reductions in LDL-C,
patients had an increased risk of mortality, likely due to off-target
effects that led to hypertension. This underscored the limitations of
using surrogate endpoints as proxies for cardiovascular outcomes.

Solution Attempits:

Trials are moving towards using composite endpoints that
incorporate both LDL-C reduction and direct cardiovascular
outcomes, such as major adverse cardiovascular events (MACE),
to provide a more accurate measure of clinical benefit.
Additionally, secondary endpoints now often include markers of
plagque stability and inflammatory biomarkers to assess overall
cardiovascular health impact.

6. Failure Point: Patient Heterogeneity in
Comorbid Conditions

Failure Point:

Patients with hypercholesterolemia often have comorbid conditions,
such as diabetes, hypertension, or metabolic syndrome, which can
influence cholesterol metabolism and treatment response. These
comorbidities complicate endpoint interpretation and can obscure
the specific effect of the drug being studied on LDL-C or
cardiovascular outcomes.

Case Example:

Trials like IMPROVE-IT (which evaluated ezetimibe in combination
with statins) demonstrated that patients with diabetes benefitted
differently from therapy compared to non-diabetic patients,
suggesting that diabetes alters cholesterol metabolism and the
effects of treatment. This variability required extensive subgroup
analysis, complicating the overall trial interpretation.

Solution Attempts:

To address patient heterogeneity, trials now often stratify
participants by comorbid conditions and perform subgroup
analyses to assess differential effects. Multi-center trials with large
sample sizes enable more robust statistical adjustments for
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1. Statins: Cornerstone of Hypercholesterolemia
Management

Statins are the most widely prescribed drugs for hypercholesterolemia due to their
efficacy in lowering LDL-C and reducing the risk of cardiovascular events. They
inhibit the enzyme HMG-CoA reductase, which plays a key role in cholesterol
synthesis.

Common Side Effects:

+ Muscle-Related Symptoms: Statin-associated muscle symptoms (SAMS),
including myalgia (muscle pain), myopathy (muscle weakness), and, in rare
cases, rhabdomyolysis (muscle breakdown), are the most common side effects.
These symptoms can affect patient adherence and reduce the effectiveness of
treatment.

Liver Enzyme Elevation: Statins may cause a mild increase in liver enzymes,
particularly alanine aminotransferase (ALT) and aspartate aminotransferase
(AST). Rarely, severe liver injury may occur.

Diabetes Risk: Statin therapy has been associated with a slightly increased risk of
developing type 2 diabetes, especially in patients with predisposing factors like
metabolic syndrome or obesity.

Management Strategies:

+ Dose Adjustment and Monitoring: Reducing the statin dose or switching to a
different statin can help manage muscle symptoms. Monitoring liver enzymes is
recommended at baseline and periodically, especially in patients with pre-
existing liver conditions.

+ Supplementation: Coenzyme QIO (CoQI0) supplementation is sometimes
suggested to mitigate muscle symptoms, though evidence of efficacy is mixed.

« Alternative Dosing Regimens: Non-daily dosing regimens (e.g., every other day)
are sometimes used in patients with muscle-related side effects to improve
tolerance.

2. Ezetimibe: Cholesterol Absorption Inhibitor

Ezetimibe is often used as an adjunct to statins for patients who require additional
LDL-C lowering or cannot tolerate high-dose statin therapy. It works by inhibiting the
absorption of cholesterol in the intestines.

Safety Concerns:

+ Gastrointestinal Symptoms: Ezetimibe is generally well tolerated, but it can cause
mild gastrointestinal issues, such as diarrhea and abdominal pain.

+ Hepatic Effects: When combined with statins, ezetimibe may slightly increase the
risk of liver enzyme elevation.

Management Strategies:

+ Periodic Liver Monitoring: Particularly when ezetimibe is used in combination with
statins, regular monitoring of liver enzymes is advised to detect potential
hepatotoxicity early.

« Combination with Statins: Using ezetimibe allows for lower doses of statins,
potentially reducing the risk of statin-related muscle symptoms.



3. PCSK9 Inhibitors: Monoclonal Antibody Therapy

PCSK9 inhibitors, including alirocumab and evolocumab, are biologic agents that
significantly lower LDL-C by preventing PCSK9 protein from binding to LDL
receptors, thereby increasing the receptors’ ability to remove LDL-C from the
bloodstream. They are typically reserved for high-risk patients who cannot
achieve target LDL-C levels with statins and ezetimibe alone.

Safety Concerns:

Injection Site Reactions: As PCSK9 inhibitors are administered via subcutaneous
injection, common side effects include injection site reactions such as redness,
swelling, and pain.

Nasopharyngitis and Flu-lke Symptoms: Some patients experience
nasopharyngitis (cold-like symptoms), upper respiratory infections, and flu-like
symptoms.

Cost and Access: PCSK9 inhibitors are expensive, and access may be limited
due to insurance coverage constraints, which can impact adherence.

Management Strategies:

Pre-treatment Counseling: Patients should be advised about potential injection
site reactions and provided with tips on injection techniques to minimize
discomfort.

Supportive Measures: Using topical anesthetics or rotating injection sites can
reduce local side effects. Additionally, healthcare providers can assist patients
in navigating insurance coverage and accessing financial assistance programs.

4. Fibrates: Triglyceride-Lowering Agents

Fibrates, such as fenofibrate and gemfibrozil, primarily target triglyceride levels
rather than LDL-C and are often used in patients with hypertriglyceridemia or
combined dyslipidemia.

Safety Concerns:

* Muscle Toxicity: Fibrates carry a risk of muscle toxicity, particularly when
combined with statins, which can increase the likelihood of myopathy and
rhabdomyolysis.

+ Gallstone Formation: Fibrates may increase the risk of gallstone formation due
to changes in bile composition.

+ Liver Function Abnormalities: Fibrates can lead to elevations in liver enzymes
and, in rare cases, liver injury.

Management Strategies:

+ Caution with Statin Co-administration: To minimize the risk of muscle toxicity,
fibrates should be used cautiously with statins, and fenofibrate is preferred
over gemfibrozil for combination therapy.

+ Liver and Renal Function Monitoring: Regular liver and kidney function tests are
recommended, particularly when fibrates are prescribed in combination with
other lipid-lowering agents.



5. Bempedoic Acid: ATP Citrate Lyase Inhibitor

Bempedoic acid is a newer oral therapy that lowers LDL-C by inhibiting ATP citrate
lyase, an enzyme involved in cholesterol synthesis. It is approved for use in
patients who require additional LDL-C reduction beyond what can be achieved
with statins and other treatments.

Safety Concerns:

Tendon Rupture: Bempedoic acid has been associated with an increased risk of
tendon rupture, particularly in patients over 60 years of age or those with a
history of tendinopathy.

Hyperuricemia and Gout: It can elevate serum uric acid levels, increasing the risk
of gout in susceptible patients.

Hepatotoxicity: Although rare, there have been reports of liver enzyme elevations
with bempedoic acid use.

Management Strategies:

Patient Selection and Monitoring: Older adults or those with a history of tendon
disorders should be monitored closely, and patients should be advised to report
any signs of tendon pain or swelling.

Uric Acid Monitoring: Baseline and periodic uric acid level assessments are
recommended, particularly for patients with a history of gout.

6. Lomitapide and Mipomersen: Therapies for Familial

Hypercholesterolemia

Lomitapide (an MTP inhibitor) and mipomersen (an antisense oligonucleotide)
are used for homozygous familial hypercholesterolemia (HoFH), a severe form of
hypercholesterolemia that does not respond to traditional therapies.

Safety Concerns:

+ Hepatotoxicity: Both drugs carry a significant risk of liver toxicity, including fat
accumulation in the liver (hepatic steatosis) and elevated liver enzymes,
which may lead to liver fibrosis if untreated.

+ Gastrointestinal Issues: Lomitapide often causes gastrointestinal side effects,
including diarrhea, nausea, and vomiting.

+ Injection Site Reactions: Mipomersen is administered via injection and may
cause injection site reactions and flu-like symptomes.

Management Strategies:

+ Strict Liver Monitoring: Routine liver enzyme tests and imaging studies to
monitor for hepatic steatosis are essential, and dose adjustments may be
necessary in response to liver function test results.

+ Patient Education: Patients should be educated on dietary fat intake, as
lomitapide requires adherence to a low-fat diet to reduce gastrointestinal
side effects and improve tolerability.



The standard of care in hypercholesterolemia is structured around
achieving target LDL-C levels to reduce ASCVD risk, with treatment
tailored to individual risk profiles and tolerance.

1. First-Line Therapy:

Statins are the primary treatment for LDL-C reduction, with a goal of at
least a 50% reduction in high-risk individuals. Moderate- or high-intensity
statins are recommended based on patient-specific risk factors.

2. Second-Line or Add-On Therapies:

Ezetimibe is recommended as an add-on for patients who cannot
achieve target LDL-C levels with statins alone.

+ PCSK9 Inhibitors are used in high-risk patients, such as those with
familial  hypercholesterolemia or those intolerant to statins.
Customized Medication Regimens: Treatments are tailored to address
the individual's primary symptoms (e.g, EDS, cataplexy) while
balancing efficacy with side effect profiles.

Behavioral and Lifestyle Adjustments: Scheduled naps, consistent sleep
routines, and avoidance of stimulants in the evening help manage
symptoms and reduce reliance on medications.

3. Additional or Alternative Therapies:

+ Fibrates may be added for hypertriglyceridemia or combined
dyslipidemia, particularly in patients with elevated triglycerides.

+ Bempedoic Acid offers an alternative for patients who cannot tolerate
statins or who need additional LDL-C lowering.

+ Lomitapide and Mipomersen are reserved for severe cases like
homozygous familial hypercholesterolemia.

4. Llifestyle Modifications:

Dietary changes, regular exercise, and weight management are
foundational elements in managing hypercholesterolemia. Reducing
saturated fat intake, increasing fiber, and engaging in regular physical
activity are recommended for all patients, regardless  of
pharmacotherapy.



Enhancing Clinical Trial Protocols for Hypercholesterolemia

Improving clinical trial protocols for Hypercholesterolemia is pivotal to advancing our understanding and tre
discover new therapeutic strategies but also to ensure these interventions meet the high safety and efficacy sta

1. Surrogate Endpoint Validation:

Ensure surrogate markers like LDL-C reduction are validated
through epidemiological evidence showing correlation with
clinical outcomes. Using validated biomarkers can support
accelerated approvals.

3. Patient Selection and Stratification:

4. Enhanced Patient Adherence Programs:

Genetic profiling and stratification by risk can help identify Developing supportive programs for adherence and side effect
responders, improve LDL-C reduction outcomes, and personalize management can reduce dropout rates and improve data
treatments, which is particularly useful for high-risk populations. reliability, addressing FDA concerns about long-term safety and
efficacy.
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Notable Key Opinion Leaders in Hypercholesterolemia Research

Name Specialty Designation Location | Brief Bio

Endocrinology,
Diabetes and
Gerald F Watts | Metabolism;
(MD, FRACP, PhD) | Internal
Medicine;
Cardiology

Professor Watts is a leading expert in lipid disorders, with extensive research in familial hypercholesterolemia (FH) and lipid-
Professor, University | Western lowering therapies. His work emphasizes the early detection and management of FH and high cholesterol, aiming to improve
of Western Australig, cardiovascular outcomes. He has contributed to global guidelines on lipid management and collaborated on research assessing
Australia Australia new cholesterol treatments and the importance of genetic testing. Recognized for his contributions, he has received support from
organizations like the National Heart Foundation of Australia.

Professor Nicholls is renowned for his clinical research on atherosclerosis and cholesterol management. He has led pivotal trials on
; o lipid-lowering therapies, such as PCSK9 inhibitors, and has contributed significantly to global cardiovascular guidelines. Nicholls's
Nicholls ) Professor, Monash Victoriq, ; T . ; L ~ .
(MBBS, PhD, Cardiology University Australia work focuses on reducing LDL cholesterol to minimize cardiovascular risk and advance lipid-related healthcare practices in
FRACP FAC'C) Australia. His achievements include numerous national research grants and roles in advisory boards for cardiovascular
' innovations.

Stephen J

David R
Sullivan Cardiology; Professor, University
(MBBS, PhD, Biochemistry of Sydney

An expert in lipid disorders, Professor Sullivan is known for his work on genetic cholesterol disorders, especially FH. His research
advocates for genetic screening and targeted cholesterol management in high-risk populations. Sullivan has been a principal
investigator in studies addressing the genetics of lipid metabolism and is a frequent contributor to policy and guideline updates on

New South
Wales,
Australia

FRACP) cholesterol management. He has received awards from the Australian Atherosclerosis Society for his contributions.

Professor Keech is a distinguished researcher in hypercholesterolemia and cardiovascular disease prevention, focusing on lipid-
New South | modifying therapies. He has played a leading role in international trials examining statins and other lipid-lowering drugs. His
Wales, contributions have helped shape treatment recommendations, and he actively researches risk-reducing approaches for high-
Australia cholesterol populations. Keech's work has earned him awards for research excellence from institutions such as the Heart
Foundation.

Anthony (Tony)
C Keech Cardiology; Professor, University

(MBBS, FRACP, Epidemiology | of Sydney
MSc)

Cardiovascular
Disease;
Endocrinology,
Diabetes and
Metabolism

Professor Barter is an authority on cholesterol research, particularly HDL function and cholesterol metabolism. His work has
influenced treatments for dyslipidemia, especially in cases of FH and other inherited lipid disorders. Barter has chaired various
global studies examining HDL cholesterol's protective roles and has advised on the development of new cholesterol guidelines. He
is widely published and has received numerous awards from cardiovascular societies globally.

New South
Wales,
Australia

Philip J Barter
(MD, PhD, FRACP)

Professor, University
of Sydney



https://microcosmdesign-my.sharepoint.com/personal/suzie_microcosmdesign_onmicrosoft_com/Documents/CSBS%20Haire%20Green%20QHIC%20LC!%20577578447%20v03.docx?web=1

References

Alonso, A, & Martin, M. (2020). The role of statins in the management of hypercholesterolemia. J

Barker, S. S, & Higgins, T. R. (2018). Genetic causes of familial hypercholesterolemia. Atheroscle

Brown, M. S, & Goldstein, J. L. (2019). The cholesterol chronicles: 40 years of the discovery of
Evans, D. R, & Walker, J. L. (2021). Hypercholesterolemia and cardiovascular disease risk:
Huang, J, & Tan, R. D. (2017). Diet and lifestyle modifications in the treatment of hype

Jones, P. H, & Davidson, M. H. (2018). Efficacy of ezetimibe in the management of
670-678.

Khera, A. V., & Kathiresan, S. (2019). Genetics of hypercholesterolemia and its ir
F.J, & Santos, R. D. (2020). Familial hypercholesterolemia: Recent advances i

Reiner, Z, & Catapano, A. L. (2021). Guidelines for the management of hyp

Smith, D. E, & Cooper, G. S. (2022). The impact of lifestyle factors on hyf
62(5), 511-522.






http://www.ingenucro.com/
mailto:dr.sudhanshu@ingenucro.com
mailto:adam.moodie@ingenucro.com

	Slide 1: Unlocking Success in Hypercholesterolemia Trials:
	Slide 2: Introduction
	Slide 3: Book a Discovery Call to learn how iNGENū can deliver high-quality, cost-efficient, FDA-compliant research for your next clinical trial
	Slide 4
	Slide 5: Contributing Factors and Prevalence of Hypercholesterolemia
	Slide 6
	Slide 7: ICD-11 Classification and Diagnostic Criteria for Hypercholesterolemia
	Slide 8: Epidemiology of Hypercholesterolemia
	Slide 9
	Slide 10: FDA-Approved Drugs for Hypercholesterolemia
	Slide 11: Pivotal Clinical Trials for Hypercholesterolemia
	Slide 12: Approved Product Analysis: LIPITOR® (atorvastatin calcium)
	Slide 13: Approved Product Analysis: LIPITOR® (atorvastatin calcium) (cont.)
	Slide 14: Approved Product Analysis: CRESTOR (rosuvastatin calcium) tablets
	Slide 15: Approved Product Analysis: CRESTOR (rosuvastatin calcium) tablets (cont.)
	Slide 16: Approved Product Analysis: REPATHA (evolocumab) injection
	Slide 17: Approved Product Analysis: REPATHA (evolocumab) injection (cont.)
	Slide 18: Approved Product Analysis: PRALUENT® (alirocumab) 
	Slide 19: Approved Product Analysis: ZETIA® (ezetimibe) tablets
	Slide 20: Failed Drug Candidates in the Last 10 Years for Hypercholesterolemia
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30: Notable Key Opinion Leaders in Hypercholesterolemia Research
	Slide 31
	Slide 32

