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Novel therapies for the prevention of
atherosclerotic vascular disease

Kees Hovingh, MD
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Yesterday

CVD major burden

LDL= C causally related with CVD

LDL C goals: the lower the better

Statins : corner stone in therapy

treatment: we can do much better...



What Is the effect?
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How well do we do?
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A glance at the future é



Atherosclerosis

ALDL
AHDL
ATG
ALp(a)

Alnflammation
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Lipid Modifying Drugs

Cholesterol absorption inhibitors

Squalene synthase inhibitors (SSI)

Microsomal triglyceride transfer protein (MTP) inhibitors
Acyl coenzyme A acyltransferase (ACAT) inhibitors
Diacylglycerol acyltransferase (DGAT) inhibitors
Thyroxin receptor agonists

ApoB mRNA antisense drugs

PCSK9 antibodies

ApoAibased strategies (iv)

Cholesterol ester transfer protein (CETP) inhibitors



ApPoA1l based therapy

ApoAl Mimetics, such as APL- 180 Novartis

Full -length ApoAl, such as ApoAl Cerenis Therapeutics

Pre- Beta HDL, as generated by delipidation, HDL Therapeutics
InC.

Reconstituted HDL, CSL Ltd.

ApoAl Milano MDCO216, The Medicines Company
Trimeric ApoAl, Borean Pharma and now Roche
RVX208, as developed by Resverlogix

Fx- 5A, as developed by Kinemed Inc.



HDL epidemiology

302K participants in 68 prospective studies

Coronary heart disease
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Just because an
Intervention raises HDL -C,

we cannot ASSUMEhat MI
risk will be lowered



HDL intervention: fallures

Torcetrapib, Dalcetrapib, Niacin

The NEW ENGLAND
JOURNAL o MEDICINE

ESTABLISHED IN 1812 NOVEMBER 22, 2007 VOL. 357 NO. 21

Effects of Torcetrapib in Patients at High Risk
for Coronary Events

Philip J. Barter, M.D., Ph.D., Mark Caulfield, M.D., M.B., B.S., Mats Eriksson, M.D., Ph.D.,

Scott M. Grundy, M.D., Ph.D., John J.P. Kastelein, M.D., Ph.D., Michel Komajda, M.D., Jose Lopez-Sendon, M.D., Ph.D.,
Lori Mosca, M.D., M.P.H., Ph.D., Jean-Claude Tardif, M.D., David D. Waters, M.D., Charles L. Shear, Dr.P.H.,
James H. Revkin, M.D., Kevin A. Buhr, Ph.D., Marian R. Fisher, Ph.D., Alan R. Tall, M.B., B.S.,
and Bryan Brewer, M.D., Ph.D,, for the ILLUMINATE Investigators*




HDL intervention: fallures

Torcetrapib, Dalcetrapib, Niacin

The NEW ENGLAND
JOURNAL o MEDICINE

ESTABLISHEDIN1812  NOVEMBER 22, 2007

Effects

The NEW ENGLAND
“wgnienl  JOURNAL of MEDICINE

RIL 29, 2010

Effects of Combination Lipid Therapy
in Type 2 Diabetes Mellitus

The ACCORD Study Group*




HDL intervention: fallures

Torcetrapib, Dalcetrapib, Niacin

The NEW ENGLAND
JOURNAL o MEDICINE

ESTABLISHED IN 1812 NOVEMBER 22, 2007

Effects

| the NEW ENGLAND
samswiiicnll  JOURNAL of MEDICINE

Lori Mosca, M.D., M.P.I
James H. Revkir

ABLISHED IN 1812 APRIL 29, 2010 VOL. 362 NO. 17

Effects of Combination Lipid Therapy
in Ty

ORIGINAL ARTICLE

Niacin in Patients with Low HDL Cholesterol
Levels Receiving Intensive Statin Therapy

The AIM-HIGH Investigators*



HDL intervention: fallures

Torcetrapib, Dalcetrapib, Niacin
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Roche: Dalcetrapib Trial Stopped For Lack Of Efficacy



HDL intervention: fallures

Torcetrapib, Dalcetrapib, Niacin
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Roche:

PHARMA B HEALTHCARE 12/20/2012

HPS2- THRIVE No Benefit,
Signal Of Harm For Niacin
Therapy

! 2 comments, 1 called-out + Comment Mow + Follow Comments

The largest-ever study of niacin has failed to show a clinical benefit for niacin
and even found a strong signal of harm. Merck announced today that

the HPS2-THRIVE (Heart Protection Study 2-Treatment of HDL to Reduce
the Incidence of Vascular Events) study did not meet its primary endpoint. In
that study, the combination of a statin and Merck’s niacin compound,
Tredaptive, a combination of extended-release niacin and laropiprant, an
anti-flushing agent, was compared to statin therapy alone in 25,673 patients
at high risk for cardiovascular events.

After a median followup of 3.9 years, the combination of niacin and
laropiprant *did not significantly further reduce the risk of the combination of
coronary deaths, non-fatal heart attacks, strokes or revascularizations

Culture ~ Opinion ~

ng : Energy | CFO Jour
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HDL cholesterol remains a
useful marker of Ml risk
and
should continue to be
measured routinely to
assess risk



Correlation In
observational epidemiologic
studies

does NOT
equal causation



Observational
epidemiology

PVCs post Ml is
associated with
Increased risk of
sudden death

Hormone replacement
therapy use is
associated with lower
risk of CVD

Anemia in patients
with T2D and CKD is
associated with
Increased risk of CVD

reduce risk of sudden

Result of testing of
hypothesis in clinical
trial

(CAST trial 1989)
Treatment with
antiarrhythmics
suppressed PVCs,
INCREASHIisk of
arrhnythmic death

Hypothesis Raised

Suppression of PVCs
with medicines will

death

(HERS, WHI trials)
HRTINCREASHiisk of
MI and stroke

HRT will lower risk
of CVD

(TREAT trial, 2009)
Epogen administration
corrected anemia but
INCREASEHhe rate of

stroke

Correcting anemia
with Epo will lower
risk of CVD



CHI SQUARE Study Design

50 Sites
Canada, US,
France,
Netherlands

N = 126 Placebo

N =126 Low dose

Up to 1000
Subjects
Screened w/
Baseline IVUS

following
Observation | Long Term

504 Subjects

Acute ACS Event
- 2 to 5 weeks FU 6 mo
(R B |

IVUS Visit  Infusion Visits VUS viep  Follow-Up
Screening S Visit




LDL: C Is primary target,
It meets all criteria
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Lipid Modifying Drugs

Cholesterol absorption inhibitors

Squalene synthase inhibitors (SSI)

Microsomal triglyceride transfer protein (MTP) inhibitors
Acyl coenzyme A acyltransferase (ACAT) inhibitors
Diacylglycerol acyltransferase (DGAT) inhibitors
Thyroxin receptor agonists

ApoB mRNA antisense drugs

PCSK9 antibodies

ApoAl-based strategies (iv)

Cholesterol ester transfer protein (CETP) inhibitors



Antisense

A New Drug Class
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Human ApcBAOO
ldeal Target

ApoB100:

B o= essential for

synthesis and
transport of VLDL and

expressed in liver

Esters w

ApoB-
100

, LDLC
e
biologically
validated

Undruggable for small
molecules



Dose Dependent Reduction in
ApoB

Mean Percent Change in Apo-B
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Adverse Events

Injection site reaction

ALT increases




FDA approval

FaEallents O rammmres n

KYNAMRO (mipomersen sodium) injection Is Now
FDA-Approved

Genzyme and Isis Announce FDA Approval of KYNAMRO (mipomersen sodium)
injection for the Treatment of Homozygous Familial Hypercholesterolemia

Cambridge, Mass. and Carlsbad, Calif., January 29, 2013 — Genzyme, a Sanofi company (EURONEXT: SAN and NYSE:
SNY), and Isis Pharmaceuticals Inc. (NASDAQ: I1SIS), today announced that the U.S. Food and Drug Administration
{FDA) has approved its New Drug Application {NDA) for KYNAMRO (mipomersen sodium) injection. KYNAMRO, given as
a 200 mg weekly subcutaneous injection, has been approved as an adjunct to lipid-lowering medications and diet to

A http://www.kynamro.com/families/now - approved press-
release.aspx
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Lipid Modifying Drugs

Cholesterol absorption inhibitors

Squalene synthase inhibitors (SSI)

Microsomal triglyceride transfer protein (MTP) inhibitors
Acyl coenzyme A acyltransferase (ACAT) inhibitors
Diacylglycerol acyltransferase (DGAT) inhibitors
Thyroxin receptor agonists

ApoB mRNA antisense drugs

PCSK?9 antibodies

ApoAl-based strategies (iv)

Cholesterol ester transfer protein (CETP) inhibitors



PCSK9; a success story

Mutations in PCSK9 cause
autosomal dominant
hypercholesterolemia

Marianne Abifadel'~, Mathilde Varret', Jean-Pierre Rabés',
Delphine Allard’, Khadija Ouguerram?, Martine Devillers!,
Corinne Cruaud®, Suzanne Benjannet®, Louise Wickham®,

Danigle Erlich®, Aurélic Derré!, Ludovic Villéger!, Michel Farnier?,
Isabel Beucler®, Eric Bruckert?, Jean Chambaz'?, Bernard Chanu'/,
Jean-Michel Lecerf'?, Gerald Luc'?, Philippe Moulin®?,

Jean Weissenbach®, Annick Prat®, Michel Krempf*

Claudine Junien'~, Nabil G Scidah® & Catherine Boileau'”

Autosomal dominant hypercholesterolemia (ADH;
OMIM144400), a risk factor for coronary heart disease, is
characterized by an increase in low-density lipoprotein
cholesterol levels that is associated with mutations in the genes
LDLR (encoding low-density lipoprotein receptor) or APOB
(encoding apolipoprotein B). We mapped a third locus
associated with ADH, HCHOLA3 at 1p32, and now report two
mutations in the gene P(SK9 (encoding proprotein convertase
subtilisin/kexin type 9) that cause ADH. PCSK9 encodes
NARC-1 (neural apoptosis regulated convertase), a newly
identified human subtilase that is highly expressed in the liver
and contributes to cholesterol homeostasis.

AAffected family members with:
AT otal cholesterol in 90th percentile

Al'endon xanthomas
ACHD

KEarly Ml

fStroke






