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Drugs used to treat 
Hyperlipidemia

Neil A. Clipstone, Ph.D.
Department of Molecular Pharmacology & Therapeutics

Hyperlipidemia and Atherosclerosis
Hyperlipidemia: - Abnormal/elevated levels of cholesterol/triglycerides in blood

Atherosclerosis: - build up of lipids, cells & other compounds in the arterial wall
- hardening of artery and narrowing of the arterial lumen
- increased risk of plaque rupture and clot formation

Hyperlipidemia

Triglycerides
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Lipoprotein particles
• Carrier molecules for the transport of cholesterol & triglyceride in the blood
• Differ in size, lipid content and associated apolipoproteins
• Comprised of: Lipid Membrane - Phospholipids/Cholesterol

Hydrophobic core - Triglycerides and Cholesterol Esters
Apolipoproteins - structural proteins & ligands for particle uptake

LDL

VLDL

Chylomicrons

IDL

HDL

60% Cholesterol
25% Triglyceride

20% Cholesterol
55% Triglyceride

85% Triglyceride
~3% Dietary Cholesterol

35% Phospholipid
20% Cholesterol
5%   Triglyceride

35% Cholesterol
25% Triglyceride

Particle Lipid composition

“Bad Cholesterol”
(65-75% of total 

plasma cholesterol)

“Good Cholesterol”

N.A.C

Cholesterol

Phospholipid
Monolayer

Apolipoprotein B100
(Structural/LDLR ligand)

Core:
Triglyceride &

Cholesterol Ester

Lipoprotein Structure- LDL
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Lipoprotein Metabolism: An Overview
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Fate of LDL particles in the blood
Normal Hypercholesterolemia
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The critical role of LDLs in the development of atherosclerosis

Normal
Artery

Atherosclerotic
Plaque

Foam cell secrete
proteases and
growth factors

that promote SMC
migration and 
proliferation

Necrotic Foam cells release 
Cholesterol and other debris

that contributes to the 
formation of a fatty streak

Migration and proliferation
of smooth muscle cells

contribute towards atherosclerotic plaque

Endothelial 
injury/dysfunction

allows entry of
LDL

Ox-LDL Macrophage FOAM cell
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Protective roles of HDL in the prevention of atherosclerosis
1) HDLs (the “good cholesterol”) inhibit the oxidation of LDLs

- paraoxonase enzyme (PON1) present on HDL surface
- anti-oxidant activity

2) HDLs inhibit the expression of adhesion molecules on the endothelium
-prevents recruitment of monocytes to atherosclerotic plaque

3) HDLs inhibit the formation of FOAM cells

4) HDLs promote REVERSE CHOLESTEROL TRANSPORT
-the transport of cholesterol from the periphery back
to the liver where it can be secreted as bile

HDL
SR-B1

Scavenger
receptor

LIVER

Cholesterol
& Bile acid
secretion

ABCA1
Transporter

Cholesterol

Foam Cell
LCAT: 

Lecthin-cholesterol acetyltransferase 
Catalyses the esterification 

of cholesterol for storage in the 
HDL core

PON1

LDL oxidation

Hyperlipidemia

Genetics Lifestyle
Monogenic (e.g. defective LDL-R in FH) 
Polygenic (e.g. FCH)

54% of patients with premature CHD
70% of patients with an abnormal lipid profile

Lifestyle: High fat/carbohydrate diet, 
obesity, alcohol consumption, cigarette 
smoking, increasing age & physical 
inactivity

Diseases: Type-2 diabetes, 
hypothyroidism, Nephrotic syndrome, 
Hypopituitarism & Anorexia nervosa

Drugs: Antiviral proteases, antipsychotics, 
corticosteroids & Oral contraceptives

Causes of Hyperlipidemia/Hyperlipoproteinemia

 familial genetic 
disorder

Classification of serum lipid levels by ATP III of NCEP

Optimal/desirable

Near/above optimal

Borderline high

High

Very high

LDL-C

< 100 mg/dL

100-129 mg/dL

130-159 mg/dL

160-189 mg/dL

> 190 mg/dL

HDL-C

M >40 mg/dL

W >50 mg/dL

Triglyceride

< 150 mg/dL

150-199 mg/dL

200-499 mg/dL

>500 mg/dL

Total
Cholesterol

< 200 mg/dL

200-239 mg/dL

> 240 mg/dL
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Atherosclerosis

LDL

Pharmacological Strategies in the treatment of Hyperlipidemia

 HDL Triglycerides

Specific Drugs
Niacin

Fibrates

Specific Drugs
Statins

Bile acid-resins
Chol. Absorption Inhibs

PCSK9 inhibitors.
Primary
Target

Secondary
Targets

N.A.C

Drugs used in the treatment 
of Hypercholesterolemia

Treatment options for Hypercholesterolemia

1. For moderate hypercholesterolemia with low cardiovascular risk

→ Therapeutic lifestyle change
- Dietary reduction of cholesterol intake
- Exercise/Weight reduction - improves lipoprotein metabolism

2. For severe hypercholesterolemia and/or a high cardiovascular risk

i.e. - LDL levels > 190 mg/dL (or >70 mg/dL with Diabetes)
- Current clinical evidence of CVD
- 10 yr CVD risk > 7.5%

→ Drug therapy is indicated. 
- the initial goal is to reduce LDL - risk of atherosclerosis

Elevated levels of LDL in the serum
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Drugs used in the treatment of hypercholesterolemia
(i.e. drugs that principally reduce LDL levels)

STATINS:
Atorvastatin (Lipitor®)
Fluvastatin (Lescol®)
Lovastatin (Mevacor®)
Simvastatin (Zocor®)
Pravastatin (Pravachol®)
Rosuvastatin (Crestor®)

Bile Acid-binding resins:
Cholestryamine (Questran®)
Colestipol (Colestid®)
Colesevelam (Welchol®)

Cholesterol Absorption inhibitors:
Ezetimibe (Zeita®)

PCSK9 inhibitors:
Evolocumab
Alirocumab

• Most prescribed class of drug in US

• Taken by ~10% of US adults >20 yrs old

• Annual Sales of > $25 billion 

• Among the best selling drugs in history

• Most recently approved drug class- July/August 2015
• High Cost
• Requires injection 

• Oldest class of drug
• Less commonly used now

• Most commonly prescribed after STATINS
• Often used in combination with STATINS

The STATINS

Primary Clinical Effect:
• Significant reduction in LDL-cholesterol (20-60%- dose/drug specific)
• Modest reduction in triglycerides (10-20%)
• Modest increase in HDL (5-10%)
Secondary Prevention: 4S trial, CARE trial, Heart Protection Study trial

Patients    - HIGH RISK-History of CHD and elevated LDL-C

Treatment- Simvasatatin or Pravastatin

Outcome   - major coronary events, CHD deaths, stroke, 
total mortality

Primary Prevention: WOSCOPS trial, AFCAPS/TexCAPS trial, ASCOT-LLA
Patients    - No Clinical CHD and LDL-C within the normal range

Treatment- Pravastatin, Lovastatin or Atorvastatin

Outcome   - coronary events, CHD death, stroke,total mortality

STATINs effective at reducing CHD risk 
irrespective of initial baseline LDL-C

Atorvastatin (Lipitor®), Fluvastatin (Lescol®), Lovastatin (Mevacor®)
Simvastatin (Zocor®), Pravastatin (Pravachol®), Rosuvastatin (Crestor®)

The STATINS: HMG-CoA reductase inhibitors
Principal Indications/Clinical Uses:

- treating patients with elevated levels of LDL-C
- preventing a 2nd event in an individual with prior history of CHD (secondary prevention)
- preventing a 1st occurrence of a CHD event in an individual with a high 10 yr risk of
developing CVD (primary prevention)

Maximal STATIN DOSES → 20-30% decrease in 10 yr CVD risk

Mechanism of Action:
a) STATINS are analogs of 3-hydroxy-3-methylglutarate-CoA (HMG-CoA) 

- substrate for HMG-CoA reductase (rate limiting enzyme in cholesterol biosynthesis)

b) STATINS competitively inhibit HMG-CoA reductase
- inhibit endogenous cholesterol synthesis

c) Reduced hepatic cholesterol synthesis triggers a signaling pathway that induces the 
activation of the SREBP transcription factor

- SREBP regulates expression of the LDL receptor gene
→ leading to increased expression of the LDL-R at the plasma membrane
→ increased LDL-R results in increased clearance of serum LDL
→ decreased serum [LDL]
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Statins are competitive inhibitors of HMG-CoA Reductase:
The rate limiting step in Cholesterol biosynthesis
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Cholesterol

Acetyl-CoA + Acetoacetyl-CoA

HMG-CoA

Mevolonate

HMG-CoA
reductase

STATINS treatment indirectly induces expression of LDLR
and promotes clearance of LDLs from the serum

SREBP
active

2. Decreased cholesterol levels
trigger the activation of the 
SREBP transcription factor

LDL receptor gene

SREBP
inactive

3. SREBP activation 
increases the transcription
of the LDL receptor gene

LDLR
4. Increased expression of

the LDL receptor increases
the clearance of LDLs

from the serum

Cholesterol

STATINs

1. Statins inhibit HMG-CoA
reductase leading to decreased

production of cellular cholesterol

Cholesterol

5. LDLs are 
internalized and their 

cholesterol can be 
excreted in the bile

LDL

apoB100

LDL

LDL

LDL

LDL

↓Serum [LDL-C]

Other activities of STATINs that contribute 
to their anti-atherogenic effects

All of these additional properties may help explain
the clinical efficacy of STATINs in the treatment of atherosclerosis

- the underlying mechanism for these effects is not clear!

STATINs

Adhesion molecule
Expression

on endothelium

Adhesion of 
monocytes

to endothelium 
Monocyte 

proliferation
and migration 

Oxidation 
of LDLs 

SMC
proliferation 

Inflammatory
Responses 

Stabilization of
the endothelium 

Foam cell
formation 

Risk of 
Plaque rupture 
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Dose-dependent effects of individual STATIN drugs

Note: Doubling the STATIN dose usually results in only a 
5-6% further decrease in LDL-C, while significantly 
increasing the potential for ADVERSE EFFECTS!!!
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Rosuvastatin (Crestor®) 10 mg 45-50%
40 mg 50-60%

Atorvastatin (Lipitor®) 10 mg 35-40%
80 mg 50-60%

Simvastatin (Zocor®) 20 mg 35-40%
80 mg 45-50%

Pravastatin (Pravachol®) 40 mg 30-35%
80 mg 35-40%

Lovastatin (Mevacor®) 20 mg 25-30%
80 mg 35-40% 

Fluvastatin (Lescol®) 20 mg 20-25%
80 mg 35-38%

Dose Usual decrease in LDL-CDrug

STATINS: Adverse Effects

STATINs

Generally well tolerated
(~ 6.5% discontinuation

mostly GI disturbances) 

Liver Enzymes
(Rare ~1%)

Type-2 Diabetes
Small risk

Benefits outweigh any risk

Effects on Muscle 

Myalgia (pain)
Myopathy (weakness) Rhabdomyolysis

Common
5-10%

Rare but serious
~ 3.4 cases/100,000

Dose
dependent

STATINS and Rhabdomyolysis
Rhabdomyolysis (muscle inflammation & disintergration) (very rare, but v. serious) 

- due to toxic effects of STATINs on the muscle
- incidence: ~3.4 cases/100,000 person years (any statin)

~40 cases/100,000 person years (statin + an interacting drug)

- occurs primarily at high STATIN doses or due to drug interactions (esp. inhibitors of CYP3A4)
e.g. cyclosporin, macrolide antibiotics, ketaconazole

- associated with an inactivating polymorphism in the STATIN hepatic anion transporter
i.e. decreases hepatic uptake → serum concentration → more likely to affect muscle

- fewer muscle adverse effects have been observed with Pravastatin

MUSCLE
DAMAGE

MUSCLE
BREAKDOWN

MYOGLOBULIN
RELEASE

STATINs KIDNEY
DAMAGE

Potentially Fatal 
(~8% cases)

Symptoms: fever, malaise, diffuse myalgia and/or tenderness, 
marked elevation of serum [CK], 
& myoglobin present in the urine (dark)
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STATINS: Pharmacokinetics and metabolism
1. STATINs are absorbed in the intestine ~30-85%

- Lovastatin, Simvastatin, Atorvastatin undergo metabolism by CYP3A4 in the intestine
- source of potential interaction with grapefruit juice that can increase 
the bioavailability of these drugs leading to an increased risk of adverse effects

2. STATINs are directly taken up into the liver via a specific anion transporter
- Organic Anion Transporter 2 (OATP2)

- explains the dominant effect of STATINs in the liver

- systemic bioavailability is only 5-30% of the administered dose.

3. STATINS are metabolized in the liver and excreted in the bile and feces
- all STATINS are glucoronidated by glucurornyl transferase enzymes (UGT1A1/1A3)

- facilitates both further metabolism and excretion

- STATINs are variably metabolized by the CYP450 system

STATINS: Pharmacokinetics and metabolism

Lovastatin
Simvastatin
Atorvastatin

Fluvastatin Rosuvastatin Pravastatin

No CYP450
metabolism

STATINs

OATP2 transporter

Metabolites

Primarily Hepatic
Excretion

Hepatic/Renal
Excretion

CYP3A4 CYP2C19CYP2C9

Glucoronidation: UGT1A1/UGT1A3

LIVER

STATINS: Drug interactions (I)
1. Drugs that inhibit cytochrome P450 enzymes will increase the concentration of 

specific STATINs leading to increased risk of adverse effects especially 
myopathy and Rhabdomyolysis

(A) CYP3A4 inhibitors: 
increase levels of Lovastatin, Simvastatin & Atorvastatin (LSA)

CYP3A4 inhibitors associated with increased risk of Rhabdomyolysis
Immunosuppressants: cyclosporin &  tacrolimus
Macrolide antibiotics: clarithromycin & erythromycin
Ca2+-channel blockers: diltiazem & verapamil
Anti-arrhythmia drugs: amiodarone
Azole anti-fungals: itraconazole & ketoconazole
HIV protease inhibitors: ritonavir, indinavir & nelfinavir
Anti-coagulants: warfarin

- also grapefruit juice in large quantities (>1 liter/day)

(B) CYP2C9 inhibitors:
increase levels of Fluvastatin & Rosuvastatin (FR)
e.g.  Ketoconazole, itraconazole, metronidazole, sulfinpyrazone, 
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Clinically important STATIN drug interactions with CYP3A4 
inhibitors that can lead to an increased risk of Rhabdomyolysis

Lovastasin
Simvastatin
Atorvastatin

STATINs

OATP2 transporter

Metabolites

CYP3A4

Well known
3A4 inhibitors

Cyclosporin
Ritonavir

Itraconazole 
Erythromycin

GrapefruitJuice
(intestine)

Serum
Concentration

(due to inefficient
metabolism)

Risk
Adverse Effects

(i.e.Rhabdomyolysis)

LIVER

Promotes uptake of 
STATINs

into the liver

STATINS: Drug interactions (continued)
2. Inducers of CYP3A4 can reduce plasma concentrations of Lovastatin, 

Simvastatin & Atorvastatin, thereby reducing clinical efficacy.
e.g. phenytoin, barbiturates, rifampin and thiazolidnediones

3. Pravastatin is not metabolized by P450 enzymes
- drug of choice when drug interactions are a concern 

e.g. cyclosporin-treated transplant patients
- only Statin FDA-approved for use with cyclosporin

4. Gemfibrozil (a fibrate drug) is strongly associated with an 
increased risk of STATIN-induced myopathy and Rhabodmyolysis.

A) inhibits OATP2 transporter-mediated uptake of STATINS 
into the liver

- can increase STATIN systemic bioavailability >2X

B) inhibits the glucoronidation of STATINs, which is involved in the 
metabolism and ultimate excretion of ALL STATIN drugs (including
Pravastatin)

- can cause an increase in the systemic levels
of ALL STATIN drugs.

Interaction of GEMFIBROZIL with STATINs increases 
the risk of developing Rhabdomyolysis

STATINs

STATINs

OATP2 transporter

Metabolites

CYP450

Glucoronidation: 
UGT1A1/UGT1A3

GEMFIBROZIL
STATINs

STATINs
OATP2 transporter

Metabolites

CYP450

Glucoronidation: 
UGT1A1/UGT1A3

Serum
Concentration

Risk
Adverse Effects

(Myalgia)
(Rhabdomyolysis)

GEMFIBROZIL - competes with STATINs for OATP2 transporter
- inhibits UGT1A1 and UGT1A3 glucoronyl transferases
- leads to increased serum concentration of STATINs

GEMFIBROZIL

Glucuronidation
required for 

subsequent CYP450
metabolism
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STATINS: Contraindications

1. Pregnancy, Nursing mothers and women who may become pregnant
- classified as Category X
- concern that STATIN inhibition of cholesterol synthesis
may adversely affect the fetus and/or the new born

- however, few studies have looked at this directly

2. Patients with liver disease 
- due to predominant HEPATIC ELIMINATION

- can result in increased serum drug concentrations leading to
increased risk of Rhabdomyolysis

- PRAVASTATIN safer choice due to dual HEPATIC/RENAL elimination

New concepts in STATIN therapy: 
Earlier more aggressive treatment 

• Typical patient is prescribed a STATIN in his/her 40’s/50’s

• At this point the patient has probably experienced many years 
of LDL-induced arterial damage 

(fatty streak lesions already evident by 30 yrs of age)

• Evidence that lifelong low levels of [LDL] are beneficial

• Argument for earlier, more aggressive STATIN therapy to 
prevent disease at an earlier stage

Bile Acid-binding resins
Cholestyramine (Questran®), colestipol (Colestid®) & colesevelam (Welchol®)

Primary Clinical Effect:
• Modest reduction in LDL-C (10-25%)

Mechanism of action:
1. Resins are cationic polymers that bind to negatively charged bile acids and

prevent their reabsorption in the small intestine.
- Resin/bile acid complexes are excreted in the feces (~10X increase)

2. Decreased bile acid resorption causes increased bile acid synthesis in the 
liver (cholesterol converted to BA) resulting in a decrease in the hepatic cholesterol 

- this triggers upregulation of LDL-R and increased LDL clearance

BA
-

-
-

BA
-

-
-

BA
-

-
-

BA
-

-
-

+
N+

N+

N+

N+

N+

N+

Bile-acid resin Bile-acids Insoluble complex

Excreted
in the
feces
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Bile Salts

secretion

Reabsorption

Cholestyramine
Colestipol

Colesevelam

Insoluble Drug:Bile acid
complexes are excreted in

the feces

Mechanism of action of Bile acid-binding resins
Normal

secretion

Bile Salts

Cholesterol

Reabsorption

Most bile acids secreted
into the small intestine
are reabsorbed back 

into the liver

Bile Acid binding resins

Cholesterol

1. Drugs bind to
Bile acids and
inhibit their
reabsorption

LDL-R

3. Cholesterol 
induces 
LDL-R

4. LDL clearance

Note: Bile Acids normally serve to suppress endogenous triglyceride synthesis 
- therefore bile acid resins can actually increase triglyceride levels 
- especially in patients with Hypertriglyceridemia/type III dysbetalipoproteinemia

Cholesterol-7
hydroxylase

2. Bile acid resorption
upregulates 

cholesterol 7-hydroxylase,
the rate limiting enzyme

in Bile acid synthesis
resulting in increased 

conversion of cholesterol
to Bile acids

Cholesterol

Resins: Therapeutic Uses

1. Demonstrated by older clinical trials to reduce the risk of CHD events
- although largely relegated to 2nd or 3rd line agents due
to the efficacy of STATINs at reducing LDL-C

2. Can be used in combination with a STATIN 
- to aggressively reduce LDL-C if STATIN not sufficient- additive effect
- and/or to allow use of a lower STATIN dose in order to avoid
STATIN-dependent adverse effects at high doses of STATIN

i.e. Rhabdomyolysis

3. Can be used in patients for whom STATINs are either not effective or contraindicated
e.g. treating hypercholesterolemia in children & women who are lactating, or pregnant

Resins: Adverse Effects:
a) Resins not absorbed or metabolized- therefore very safe/few side effects

b) GI disturbances (e.g. constipation, bloating flatulence) are most common

c) At high concentrations Cholestyramine and Colestipol, but not Colesevelam,
impair the absorption of the fat soluble vitamins A, D E & K 

Resins: Drug Interactions
Cholestyramine and Colestipol, but not Colesevelam, interfere with the 
absorption of many drugs

e.g. tetracyline, penicillin, vancomycin, phenobarbital, digoxin, warfarin, 
propanalol, parvastatin, fluvastatin, aspirin, and thiazide diurectics

These drugs should be taken either 1-2 hrs before or 4-6 hrs after Resins

Resins: Contraindications
Type III Dysbetalipoproteinemia and raised triglycerides (>400 mg/dL) due to 
risk of further increasing VLDL levels
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Inhibitors of Cholesterol Absorption
Ezetimibe (Zeita®)

Primary Clinical Effect:
• Reduces LDL-C (~18%)
• Minimal effect on HDL and triglycerides

Mechanism of action:
a) Inhibits the action of the Niemann-Pick C1-like 1 protein (NPC1L1) involved 

in the absorption of dietary and biliary cholesterol in the small intestine

b) Reduced cholesterol absorption results in the decreased delivery of cholesterol
to the liver, thereby reducing VLDL and LDL production and increasing LDLR

VLDL LDL

Small Intestine

Liver

Chylomicrons/
remnants

NPC1L1

Cholesterol
Absorption

EZETIMIBEDietary Cholesterol

Cholesterol

LDLR
LDL 

clearance

Ezetimibe: Therapeutic Uses
1. Most widely prescribed LDL lowering drug after STATINs

- typically not used as a monotherapy due to only modest effect on 
reducing LDL-C (~18%)

2. Often used in combination with a STATIN drug
- Can induce a significant further LDL-C lowering effect when combined with a 
STATIN (further 25% reduction in LDL-C than with STATIN alone)

- allows the use of a lower STATIN dose to avoid adverse effects

3. Reduces LDL-C in patients with primary hypercholesterolemia (LDL-R mutations)
- i.e. not completely dependent upon intact LDLR

Ezetimibe: Adverse Effects
a) Generally well tolerated

- Flatulence and Diarrhea the most common effects

New anti-hypercholesterolemia drugs: Inhibitors of PCSK9 
PCKS9: Proprotein convertase subtilisin/kexin type 9

• Mutations in PCSK9 are responsible for a small number of patients 
with FH (that do not have mutations in either LDLR or apoB100)

Gain of Function mutations   - Autosomal dominant FH 
- serum LDL >350 mg/dL
-  Risk of CVD (death < 50yrs)

Loss of Function mutations - 40% decrease in LDL levels
- 88% reduction in CVD risk
- increased expression of hepatic LDLR

• PCSK9 is a secreted enzyme produced by the liver & other cell types

• Binds to the LDLR at the cell surface and is internalized with the 
receptor and LDLs 

• Prevents LDLR recycling back to the plasma membrane and instead
targets the receptor to degradation in the lysosome

- thought to be responsible for tonically controlling 
the levels of LDLR expressed on liver cells



9/21/2017

13

Inhibitors of PCSK9 
Alirocumab (Praluent®), Evolocumab (Repatha®) 

Alirocumab and Evolocumab are human antibodies specific for PCSK9 - Injected subQ every 2 wks
Mechanism of Action:

- bind to PCSK9 and prevent its binding to the LDLR
- thereby prevent the targeting of LDLR to the lysosome
- result in increased expression of LDLR at the cell surface
- promote enhanced LDL clearance even in presence of high dose STATIN 

Lysosome

Endosome

Endocytosis Receptor
Recycling

LDLR

LDL
PCSK9

PCSK9 targets
Certain % of LDLR 

to the Lysosome
for degradation

Lysosome

Endosome

Endocytosis Receptor
Recycling

LDLR

LDL

Alirocumab/
Evolocumab
(bind PCSK9 & 

prevent it
interacting with 

the LDLR)

Increased 
amount of 
LDLR at 

cell surface

LDLR not 
targeted to 
lysosome in 
absence of

PCSK9

Most LDLR 
recycled to PM

Some LDLR
Recycled to PM

%
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Alirocumab promotes a decrease in serum LDL even in the
presence of maximally tolerated STATIN drugs

Placebo + 
STATIN

Alirocumab + 
STATIN

http://products.sanofi.us/praluent/praluent.pdf

• Double blinded, RCT/ Patients (n=1553) on maximally tolerated STATIN
• placebo or 150 mg Alirocumab injected subQ every 2 weeks 
• Mean starting LDL-C = 122 mg/dL

Anti-PCSK9 Ab Indications:
- approved for treatment of heterozygous FH patients (i.e. very high LDL levels)

- Also patients that have not achieved LDL goals with maximally tolerated doses 
of STATINs

Clinical Effects
- Reduction of LDL ~ 70%

- Reduces Lp(a) ~18-36%

- ~50% reduction in CVD risk

High cost of drugs prevents more widespread use
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New drugs for the treatment of homozygous FH
Lomitapide (Juxtapid®) & Mipomersen (Kynamro®) 

Lomitapide
• Inhibitor of microsomal triglyceride transfer protein (MTP)
• MTP is required for the assembly of both chylomicrons & VLDLs
• Since chylomicrons and VLDLs give rise to LDLs LOMITAPIDE can 

reduce LDL levels in FH patients

Mipomersen
• Antisense oligonucleotide specific for apoB48 & apoB100 (shared N-terminus)
• Reduces expression of apoB48 & apoB100 resulting in reduced production of both

chylomicrons and VLDLs and hence leading to lower levels of LDLs

Chol

TGA
VLDLs

apoB48

MTP CHYLOMICRONS

Lomitapide

Enterocyte

Chol

TGA

apoB100

MTP

Lomitapide

LIVER

Mipomersen

LDLs

Mipomersen

Drugs used in the treatment 
of Hypertriglyceridemia

Drugs used in the treatment of Hypertriglyceridemia
1) Elevated serum triglycerides levels are an independent risk factor for 

atherosclerosis and cardiovascular disease

2) Elevated serum triglycerides levels (>500 mg/dL) are also a risk factor 
for pancreatitis (~6-8% fatality).

3) Elevated serum triglycerides are often associated with a decreased 
serum concentration of HDLs- “good cholesterol”

Triglycerides

HDL

(Relatively minor 
effects on LDL)

Niacin
OR

Fibrates:
Gemfibrozil 
Fenofibrate
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1. When serum triglycerides are borderline high (150-199 mg/dL) 
- a lifestyle change is indicated
- low fat diet, exercise & cessation of smoking/alcohol

2. When serum triglycerides are very high (>500 mg/dL) 
- The initial goal is to to prevent pancreatitis by lowering triglyceride 

levels with either niacin or a fibrate

- Once triglycerides are <500 mg/dL then any LDL-C goals should be addressed

Treatment Options for Hypertriglyceridemia:

Niacin (Nicotinic acid/vitamin B3)
Primary clinical effect:

• 30-80% reduction in triglycerides
• 10-20% reduction in LDLs
• 10-30% increase in HDLs - most effective drug at raising HDLs

Therapeutic Uses:
1. Lowers both plasma cholesterol and triglycerides

- Useful in the treatment of familial combined hyperlipidemias (VLDL & LDL) 
i.e.  where both cholesterol and triglycerides are elevated.

2. Most effective agent at increasing HDL levels

3. In patients with a history of previous MI NIACIN has been shown in 
clinical trials to reduce the incidence of:

- re-infarctions 
- cerebrovascular events
- overall mortality

4. Often combined with another lipid lowering drug such as a STATIN or RESIN
- especially where high LDL-C is accompanied by low levels of HDL
- however effects of increasing HDL levels on clinical outcomes when

LDL-C is well-controlled with STATIN therapy is unclear

~26%

1. Agonist for Gi-coupled GPCR (GPR109A) expressed in adipose tissue 
- inhibits cAMP-induced lipolysis (stimulated via the Gs-coupled -AR)
- reduces the release of FFA from adipose tissue
- less FFA available for hepatic triglyceride synthesis and production of 

VLDL resulting in decreased serum triglycerides

2. Inhibits DGAT2 (diacylglycerol acyltransferase)
- rate limiting enzyme in hepatic triglyceride synthesis
- reduces hepatic VLDL synthesis

3. Reduces hepatic expression of apoCIII (secreted inhibitor of LPL)
- leads to increased LPL activity (i.e. greater VLDL breakdown)
- resulting in increased VLDL clearance

4. Increases the half life of apoAI
- the major lipoprotein present in HDLs 
- increases concentration of serum HDLs 
- promotes reverse cholesterol transport

5. Inhibits macrophage recruitment to atherosclerotic lesions (via activation
of GPR109A)

Mechanism of Action of Niacin:(COMPLEX and EVOLVING)
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Proposed Mechanisms of Action of Niacin
Adipose tissue Liver

Hormone-sensitive
Lipase

release of FFA
flow of FFA to liver
hepatic TG synthesis

VLDL
production

cAMP

Gi

GPR109A
(GPCR)

Niacin receptor

N.A.C

FFA+ acyl CoA

Triglyceride
Synthesis

DGAT2

apoCIII
(LPL inhib)

VLDL
clearance

LPL
activity

TG FFA

Lp(a)

risk of
thrombosis

apoAI

HDL

recruitment
of macrophages

to atherosclerotic
lesion

Niacin

Niacin antagonizes
AR-induced lipolysis

Gs
AR

Receptor
agonist

Enzyme
inhibitor

6. Niacin reduces the level of Lp(a) lipoprotein
- a modified form of LDL that is covalently linked to the Lp(a) protein
- Lp(a) is homologous to plasminogen (involved in thrombolysis pathway)
- Lp(a) inhibits tPA/uPA to block the formation of plasmin from plasminogen 

and prevents thrombolysis, thereby  increasing the risk of a CLOT forming

Plasminogen

Plasmin

Fibrin Clot 
Degradation

Lp(a) lipoprotein
Competitive
inhibitionThrombolysis

Pathway

Niacin
Effects of

Niacin 
 Lp(a) levels
 Plasmin

Thrombolysis
Risk of clots

Risk of
MI/Stroke

decreased levels of Lp(a) are associated with 
decreased risk of atherosclerosis

tPA/
uPA

Niacin: Adverse Effects
1. GI distress, nausea and abdominal pain are common 

2. Skin flushing and itching (pruritis) (causes ~26% discontinuation)

prostaglandin-mediated effect and can be diminished by prior 
treatment with an NSAID e.g. Aspirin or Ibuprofen

3. Inhibits tubular secretion of URIC ACID- predisposes to GOUT (20%)

4. Can exacerbate PEPTIC ULCER DISEASE

5. Can cause modest hyperglycemia in some Type-2 diabetes patients

6. Rare cases of Hepatic toxicity have been reported

Niacin: Contraindications
a) Peptic Ulcer disease
b) Patients with a history of gout
c) Used with caution in diabetics
d) Used with caution in patients with impaired liver function 
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Fibrates
Fenofibrate (Tricor®/Lofibra®), Gemfibrozil (Lopid®)

Primary Clinical Effect:
• 40-60% reduction in triglycerides
• Mild (10-20%) reduction in LDL
•10-20% increase in HDL

Mechanism of Action
a) Fibrates act as ligands for the nuclear hormone transcription factor PPAR

b) Fibrates activate PPAR to promote the expression of genes involved in 
Lipoprotein structure, function and metabolism

PPAR RXR

Fibrate

Hormone
Binding
domain

apoAI, apoAII, LPL
Genes involved in fatty acid oxidation/transport

VLDL
+

HDL

N.A.C

Fibrates

PPAR activation

 Hepatic expression of 
genes involved in fatty acid 

transport/metabolism

apoAI, AII synthesis in 
hepatocytes

(lipoproteins of HDL)

apoCIII synthesis in 
hepatocytes (inhibitor of LPL) 

+

 LPL expression
in muscle

FFA uptake in muscle
+

 Fatty acid oxidation

plasma HDL plasma triglycerides

 Fatty acid oxidation in 
hepatocytes

Peripheral
VLDL Clearance

Hepatic
Triglyceride 
Synthesis & 

VLDL secretion

Fibrates: 
Mechanism of Action

1. Treatment of hypertriglyceridemia associated with low HDL
serum triglyceride levels and HDL levels

Therapy of choice for patients with
Familial dysbetalipoproteniemia/Type III Hyperlipoproteinemia:  

- plasma triglycerides and IDL/VLDL remnants

2. Treatment of patients with high levels of trigylcerides (>500 mg/dL)
- at risk of developing pancreatitis (potentially fatal) 

3. Long-term fibrate usage has been clinically proven to reduce the incidence of:
- Coronary events (22%)
- Stroke (25%) 
- Transient ischemia events (59%).

Fibrates: Therapeutic Uses



9/21/2017

18

1. Generally well tolerated: Most common side effects are mild GI disturbances

- Only 10% of patients discontinue therapy

2. Increased predisposition to gallstones

- Fibrates inhibit expression of cholesterol 7-hydroxylase
(rate-limiting enzyme in bile acid synthesis) thereby decreasing 
Bile acid production. 

- decreased production of bile acids results in the increased 
secretion of free Cholesterol which can lead to the increased 
formation of gallstones

3. Myopathy and Rhabdomyolysis leading to acute renal failure (V. RARE)

- more common with Gemfibrozil (15x vs fenofibrate)

- increased risk when given with a high dose of STATIN (esp Gemfibrozil)

4.  Hepatitis- increased liver transaminases (~5% of patients)

Fibrates: Adverse Effects

1. Both Gemfibrozil and fenofibrate are strong protein binders and can displace
other protein-bound drugs from albumin resulting in increased concentrations

e.g. - anti-coagulants (e.g. warfarin) increased bleeding. 
Anti-coagulant drug concentration should be reduced by 30%
when co-administered with a fibrate
- sulfonylureas (used in treatment of Type-2 diabetes)
stimulate insulin production from the pancreas
 enhanced glucose lowering effect- Risk of hypoglycemia

2. Gemfibrozil can increase the serum concentration of STATINS leading to an 
increased risk of myopathy and Rhabdomyolysis

- inhibits the transporter responsible for hepatic uptake of STATINS

- interferes with STATIN glucoronidation, which is involved in the
metabolism and excretion of  all STATIN drugs- this can increase the 
serum concentrations of all STATINS including pravastatin

- Fenofibrate does not affect STATIN glucoronidation and is therefore
the drug of choice for combination therapy

Fibrates: Drug Interactions

Increased risk of Myalgia/Rhabdomyolysis with 
STATIN/GEMFIBROZIL combination therapy

STATINs

STATINs

OATP2 transporter

Metabolites

CYP450

Glucoronidation: 
UGT1A1/UGT1A3

GEMFIBROZIL
STATINs

STATINs
OATP2 transporter

Metabolites

CYP450

Glucoronidation: 
UGT1A1/UGT1A3

Serum
Concentration

Risk
Adverse Effects

(Myalgia)
(Rhabdomyolysis)
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Fibrates: Contraindications
1. Pregnant/lactating women or women who may become pregnant

2. Patients with severe hepatic dysfunction
- due to the increased risk of hepatic damage with these drugs

3. Patients with severe renal dysfunction
- both gemfibrozil and fenofibrate are renally excreted 
- drug concentration can be significantly elevated

- associated with increased risk of Rhabdomyolysis

4. Patients with pre-existing gallbladder disease
- due to the effects of drugs on cholesterol excretion

i.e. inhibition of cholesterol 7-hydroxylase gene expression

Fish Oils: Omega-3 long chain polyunsaturated fatty acids
Ethyl esters of eicosapentaenoic acid & Docosahexaenoic acid (Lovaza®)

Primary Clinical Effect:
• Lowers serum TG levels by ~30-50%
• Minor increase in HDL
• Can increase LDL in some individuals

Therapeutic Uses:
• Currently approved only as an adjunct to diet in the treatment of 
hypertriglyceridema in individuals with trigylceride levels >500 mg/dl

Mechanism of action:
• Mechanism of action is unclear, but appears to involve inhibiting the expression 
of genes involved in hepatic triglyceride synthesis

• also posses anti-inflammatory activity- acts via GPCR expressed on macrophages
- May explain reported benefits of omega-3 fatty acids in treatment of 

chronic inflammatory diseases

Atherosclerosis
 HDL

LDL

Pharmacological Strategies in the treatment of
Hyperlipidemia

Triglycerides

• Niacin
• Fibrates

• Statins
• Bile acid-resins
• Chol. Absorption 

Inhibitors. Primary
Target

Secondary
Targets

N.A.C
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Statins
Lovastatin

Simavastatin
Atorvastatin
Fluvastatin

Rosuvastatin
Pravastatin

High LDL

Inhibits HMG-CoA
Reductase & triggers

SREBP transcription factor 
leading to:

 LDL-R expression
  LDL clearance

LDL (20-60%)
TG (10-20%)
 HDL (5-10%)

Bile Acid 
binding resins
Cholestryramine

Colestipol
Colesevelam

High LDL

Binds bile acids and prevents 
reabsorption 

Chol 7-hydroxylase 
 Cholesterol LDLR 
  LDL clearance

LDL (10-25%)

Ezetimibe High LDL

Inhibits intestinal absorption 
of cholesterol (via NPCL1) 
hepatic cholesterol
 LDL-R expression
 LDL clearance

LDL (~18%)

Niacin
High VLDL
High LDL
Low HDL

a) lipolysis in adipocytes
 [FFA] VLDL

b) Inhibits DGAT2
 VLDL synthesis
c) ApoCIII  LPL
 VLDL clearance
d) apoAI expression

HDL production
e)Lp(a)  Thrombosis

TG (30-80%)
LDL (10-20%)
 HDL (10-30%)

Fibrates
Gemfibrozil
Fenofibrate

High VLDL
Low HDL

Ligands for PPARalpha TF
a)Apo C3/ LPL expression
 Fatty acid oxidation
  VLDL synthesis
  VLDL clearance

b) apoAI expression
 HDL production

TG (40-60%)
LDL (10-20%)
 HDL (10-20%)

Drug class Indications
Mechanism
of action

Effect on 
serum lipids

a) Muscle myalgia/myopathy
b) ***Rhabdomyolysis***
c) Hepatitis
d) Small risk type-2 diabetes

Can increase TG levels 
in hypertriglyceridemia

a) Skin flushing (Tx-NSAID)
b) Risk of Gout 
c) Exacerbates peptic ulcers
d) Risk of hyperglycemia
e) Hepatitis

a) Increased gallstones
b) Hepatitis
c) Myopathy
d) Rhabdomyolysis (more

common with gemfibrozil)

Adverse effects/
Contraindications

Drug 
Interactions

a) CYP3A4 inhibitors ( [L,S,A])
INCREASED RISK of ADVERSE EFFECTS 
e.g. erythromycin, cyclosporin, ketaconazole 

HIV prot inhibs & grapefruit juice
b) CYP3A4 inducers ( [L,S,A])

DECREASED CLINICAL EFFICACY
e.g. phenytoin,phenpbarbital, rifampin 

c) CYP2C9 inhibitors ( [F,R])
e.g. ketoconazole/metronidazole

d) Gemfibrozil
OATP2/Glucoronidation[all Statins]

Cholestyramine/Colestipol
Interfere with absorption of a

number of drugs
e.g. Warfarin, Phenobarbital

Digoxin & Tetracycline

a) Strong protein binders
Warfarin  risk of bleeding
Sulfonylureas  hypoglycemia

b) STATIN interaction
Inhibit OATP2/glucoronidation
[Statins] Rhabdomyolysis 
esp. gemfibrozilContraindicated in Severe

Renal/hepatic disease

Contraindicated in 
Severe liver disease

Contraindicated 
TG > 400 mg/dL

PCSK9
Inhibitors

Alirocumab
Evolocumab

Hetero FH
High LDL 

not controlled
with maximum

STATIN
or STATIN
Intolerant

Inhibits PCSK9 
Blocks normal targeting 

of LDLR
to lysosome 

 LDL-R expression
  LDL clearance

LDL (>50%)

Lomitapide Homo FH

Inhibits MTP in both
Enterocytes & liver 

 production of 
Chylomicrons, VLDL & LDL

Chylomicrons
VLDL
LDL

Mipomersen Homo FH

Antisense olignucleotide
specific for apoB 

Expression of apoB 
Chylomicrons,

VLDL & LDL

Chylomicrons
VLDL
LDL

Drug class Indications
Mechanism
of action

Effect on 
serum lipids

Hepatotoxicity

Contraindicated in Pregnancy

Adverse effects/
Contraindications

Drug 
Interactions

CYP3A4 & P-gp
Inhibitor-

Many potential 
Drug interactions

Hepatotoxicity

CONTRAINDICATED: 
Mild/moderate 

hepatic impairment

Well tolerated


