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Farmaci ipocolesterolemizzant
dalle molecole di sintesi ai farmaci biologici

Statine
Terapia di combinazione
Farmaci biologici

La terapia genica



Algoritmo del trattamento
er ridurre le LDLC

farmacologico p

In selected low- and moderate-risk patients

Risk modifiers

Total CV risk assessment
See Table 4

Baseline LDL-C levels

imaging (subclinical atherosclerosis)
Risk Reclassification?

Indication for drug therapy?
See Table 5
|

P

Define treatment goal
See Table 7
|

|
L
q ‘ High potency statin at highest

recommended /
tolerable dose to reach the goal

LDL-C goal reached?

Follow-up
Annually, or more frequently
if indicated

Annually, or more frequently
if indicated

o 1

W

| Add ezetimibe

LDL-C goal reached?
|

!
[ Add PCSK$ inhibitor ]

Consider adding
PCSK9 inhibitor

!
|
|
Lifestyle advice / )

Lifestyle intervention

* Secondary prevention (very-high-risk)
* Primary prevention: patients with
FH and another major risk factor
(very-high risk)

* Primary prevention: patients at
very-high risk but without FH
(see Table 4)

Eur Heart J. 2020 41: 11188



Effetti del farmaci per le dislipidemie

Effect on LDL Effect on Effect on Cardiovascular ~ Ongoing studies
cholesterol triglycerides and lipoprotein(a) benefit
cholesterol
remnants
Antisense and mAbsto ANGPTL3 ~ Moderate decrease Strong decrease Neutral No NCT02709850 (phase 2),
phase 3 trials*
Antisense, mAbs, and siRNA to Neutral Strong decrease Neutral No NCT03385239 (phase 2),
apolipoprotein C3 NCT03783377 (phase 1)
Antisense to apolipoprotein(a) Neutral Neutral Strong decrease  No NCT03070782 (phase 2)
Bempedoic acid Moderate decrease Neutral Neutral No NCT02993406 (phase 3 CVQT)
Bile acid sequestrants Moderate decrease Mild decrease Neutral Not No
CETP inhibitors Moderate decrease Neutral Mild decrease Yesi No
Ezetimibe Moderate decrease Neutral Minimal increase  Yes No
Fibrates: SPPARMs Neutral Moderate decrease Neutral Not§ NCT03071692 (phase 3 CVOT)
Fish oils: EPA Neutral Moderate decrease Neutral Yes No
Fish oils: EPA and DHA Neutral Moderate decrease Neutral No NCT02104817 (phase 3 CVOT)
Inclisiran Strong decrease Mild decrease Mild decrease No NCT03814187 (phase 3 CVOT)
Lomitapide Moderate decrease Mild decrease Mild decrease No Nofq
Anti-PCSK9 mAbs Strong decrease Mild decrease Mild decrease Yes No
Mipomersen Moderate decrease Mild decrease Mild decrease No Noql
Nicotinic acid Mild decrease Mild decrease Mild decrease No|| No
Statins Strong decrease Mild decrease Minimal increase  Yes No II

RayKK et al Lancet 2019; 394: 66708
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rosuvastatin
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Randomized Controlled Trials

Absolute yearly event rate on LDL-lowering treatment was
strongly and linearly associated with the absolute achieved LDL-C level
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CENTRAL ILLUSTRATION Statin Use in 601,934 Patients With Atherosclerotic Cardiovascular Disease on
January 31, 2019

Study Population

601,934 patients with ASCVD Proportion on
5+ 13.3 years high-intensity statin vs 0dds of high
other statin vs no statin (vs other) intensity statin use

Mean age: 67.

More likely Less likely

Female

Age 245

CeVD, PAD

4 Charlson comorbidity

Other statin
27.6%

Proportion of days covered

oo [

Statin usage on January 31, 2019
+ 30 days W 275% 50-74% M<50%

Proportion of days covered

Nelson AJ, et al. J Am Coll Cardiol. 2022;79(18):1802-1813.

Proportion on high-intensity statin vs other statin vs no statin. Odds of high- (vs other) intensity statin use. Proportion of days covered among users of high-intensity
statins. ASCVD = atherosclerotic cardiovascular disease; CAD = coronary artery disease; CeVD = cerebrovascular disease; PAD = peripheral artery disease;

T2DM = type 2 diabetes mellitus.




176 studies
4,143,517 patients

Asian race Age
N25.4% N33.1%
Black race Age 2 65 years
N29.3% \ / N31.2%
Obesity o Female
730.6% ™N47.9%
Hypothyroidism ‘ Overall prev Depression

N37.6% \) (/ 312.2%

Diabetes mellitus = "= Chronic liver disease

N26.6% N24.3%

Antiarrhythmics / \ Chronic renal failure
N31.2% / \ N25.2%

9.1% (8.1-1

Alcohol consumption Calcium channel blockers
N22% MN35.5%

Exercise High statin dose
N23.2% N37.5%
’ Arterial Duration of statin
[ Smeking ) [ hypertension ) ( therapy )

[ White race ] [Caucasian race) ( Hispanic race ) ( Warfarin )

Structured Graphical Abstract The worldwide prevalence of statin intolerance and risk factors/conditions that effect or do not effect
the risk of statin intolerance.
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MUSCLE SYMPTOMS

Antagonism of CI" channel;
Increase atrogin-1;
Reduced CoQ10;
Mitochondrial dysfunction

COGNITIVE FUNCTIONS

There is no evidence of adverse
cognitive effects, including
dementia, deterioration in global
cognition, or any specific
cognitive domains

LIVER INJURY

Although a rare adverse effect,
autoimmune hepatitis seems
the most common phenotype

for DILI

HAEMORRHAGIC STROKE

This off-target effect could be
ascribable to antiplatelet
activity, anticoagulant and
antifibrinolytic effects

NEW ONSET OF DIABETES
T

) |

U

Inhibition calcium channels in B-cells;
Cholesterol accumulation in B-cells;
Reduced GLUT4 expression;
Reduced secretion of adiponectin;
Insulin resistance in adipocytes

LENS

No effect although lens contain
more cholesterol than any
other organ in the human body
and needs a relative high
cholesterol concentration to
maintain its membrane
transparency

RENAL ALTERATIONS

Mild proteinuria due to a reduced
tubular reabsorption of albumin

CANCERS

Statins reduce cellular
plasticity leading to an EMT-
like phenotype, promoting
metastasis seeding. On the
opposite side, statins exert a
cell-line specific anti-apoptotic
response thus counteracting
tumour and metastasis
formation

Figure | Summary of statin-associated adverse effects. DILI, drug-induced liver injury; EMT, epithelia-to-mesenchymal transition; GLUT-4, glucose trans-
port-4. Some images were downloaded from Servier Medical Art by Servier (https://smart.servier.com/).



Table | Summary of the main statin-related adverse effects

SAMS

Liver enzymes

Diabetes risk

Renal alterations

Cognitive functions

Haemorrhagic stroke

Lens

Cancer

Although data based on observational studies and registries indicated an incidence of SAMS that can

reach 30%, RCTs suggest a much lower rate (roughly 5%)

Statins as a class raise transaminases (OR = 1.51, 95% Cl: 1.24-1.84) compared to placebo. Higher
doses of atorvastatin, fluvastatin, lovastatin, and simvastatin are associated with higher odds of
transaminase elevations

In the case of NAFLD, interventional studies have shown that NAFLD patients prescribed statins
have a reduction of ALT (-35.4%), AST (-31.8%), and gamma glutamyl transferase (GGT; -25.6%)
levels, while observational studies showed a null effect, suggesting liver safety of statins in NAFLD
patients

Although treatment of 10 000 patients for 5 years with an effective regimen of a statin (e.g. 40 mg/day
atorvastatin) would yield between 50 and 100 new cases of diabetes, this is far outweighed by the
beneficial effects on CVD

Pre-diabetes, high TG levels, and a high BMI identify people at highest risk of statin-associated NOD

There is no effect of statins on renal function

Statins are unlikely to cause dementia or cognitive decline

Data are still limited and inconsistent, no causal link has been confirmed

No clinical relevance

No clinical significance in long-term safety follow-up

1ttt -2~~~

NAFLD, non-alcoholic fatty liver disease; NOD, new-onset diabetes; RR, relative risk; SAMS, statin associated-muscle symptoms.




@ ESC European Heart Journal (2018) 0, 1-18 REVIEW

European Society doi:10.1093/eurheartj/ehy182
of Cardiology

Clinical update

Adverse effects of statin therapy: perception vs.
the evidence - focus on glucose homeostasis,
cognitive, renal and hepatic function,
haemorrhagic stroke and cataract

Francois Mach1*, Kausik K. Rayz, Olov Wiklund3’4, Alberto Corsini°,

Alberico L. Catapanos, Eric Bruckerté, Guy De Backer’, Robert A. Hegelea,

G. Kees Hovinghg, Terry A. jacobsonm, Ronald M. Krauss", Ulrich Laufs”,
Lawrence A. Leiter”‘, Wi infried Mﬁrz14’15, Borge G. Nordestgaard16’17’13,
Frederick ). Raal”, Michael Roden2°’21, Raul D. Santosn’B, Evan A. Stein24,

Erik S. Stroes’, Paul D. Thompsonzs, Lale Tokgﬁzoéluu’, Georgirene D. Vladutiu?’,
Baris Gencer1, Jane K. Stockzs, Henry N. Ginsbergzq, and M. John Chapman3°;
European Atherosclerosis Society Consensus Panel




Overview of the relative prevalence of the main types of adverse effects reported
with statin therapy. RCT, randomized controlled trial; SPARCL, Stroke Prevention by
Aggressive Reduction in Cholesterol Levels.

Haemorrhagic stroke?
No increase in risk, although SPARCL
suggested a possible increase in risk/
with prior stroke P

' Effects on cognition?
Cataract? B 3 .
L : b No evidence that statins adversely
No evidence for increased risk / R I 2 affect cognitive AN

Statin Therapy

Muscle symptoms b S
Double -blind RCTs: 0.1-0.2%: )
Non-blinded observational /
studies: 7-29%

Dysglycaemia,
new-onset diabetes
RCTs: ~0.1 per year; individuals with )
metabolic syndrome or prediabetes /
are at greater risk

Effects on liver
Clinically relevant effects are
very rare (~1 per 100,000)

Proteinuria
Low frequency of mild proteinuria:
no evidence of clinically significant
deterioration of renal function

Eur Heart J. Published online April 27, 2018. doi:10.1093/eurheartj/ehy182



Discontinuation of statin therapy due to muscular
side effects: A survey in real life

D. Rosenbaum *®*, J. Dallongeville <, P. Sabouret ¢, E. Bruckert *°

Muscularsymptomswere reported in 10% of statin treated patients
and led to discontinuation in 30% of teymptomatigoatients

Nutrition, Metabolism & Cardiovascular Diseases 1-5, 2012
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A Survey of the FDA’s AERS Database Regarding Muscle
and Tendon Adverse Events Linked to the Statin Drug

Class

Keith B. Hoffman’', Christina Kraus', Mo Dimbil?, Beatrice A. Golomb?3*

Ranked Risl

Drug Name Primary AEs All AEs PR Primary AEs/PR  All AEs/PR (Primary)
Rosuvastatin 1,641 2,019 0.2901 5,657 6,959 100
Fluvastatin 103 184 0.0265 3,887 6,943 69
Atorvastatin 2,751 3,667 0.8604 3,197 4,262 57
Pravastatin 257 541 0.2275 1,130 2,378 20
Simvastatin 1,003 1,827 1 1,003 1,827 18
Lovastatin 67 189 0.2153 311 878 5

DI NC NANIC Aririict O NI 7 lecc1 i Ol AADOLER




Fattori di rischio per miopatia/mialgia

A Increasing dose
A Increasing concentration:
Alncreasing agefemale
ACYP450 interactions (pharmacokinetic)
AClinical conditions:
APoly-therapy
ATransplanted
ADiabetes
AHypothyroidism
AHistory of muscular symptoms after LLT



European Heart Journal Advance Access published February 18, 2015

European Heart |ournal REVIEW
EUROPEAN dei:10.1093 feurheartj/ehn043

FOCIETY OF
CARDIOLOGY ®

Clinical update

Statin-associated muscle symptoms: impact
on statin therapy—European Atherosclerosis
Society Consensus Panel Statement on
Assessment, Aetiology and Management

Erik S. Stroes', Paul D. Thompson?, Alberto Corsini?, Georgirene D. Vladutiu4,
Frederick ). Raal®, Kausik K. Ray®, Michael Roden’, Evan Stein8, Lale Tokgézoglu?,
Borge G. Nordestgaard'?, Eric Bruckert!!, Guy De Backer'?, Ronald M. Krauss*3,
Ulrich Laufs'4, Raul D. Santos'3, Robert A. Hegeleé, G. Kees Hovingh'?,

Lawrence A. Leiter'®, Francois Mach'?, Winfried Marz2% Connie B. Newman?1,

Olov Wiklund?2, Terry A. Jacobson?3, Alberico L. Catapano?, M. John Chapman?4, and
Henry N. Ginsberg?*, European Atherosclerosis Society Consensus Panelf
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Therapeutic flow-chart for management of patients with statin-
associated muscle symptoms

Consider if statin-attributed muscle symptoms favour statin continuation / reinitiation

Symptomatic & CK <4 X ULN CK =4 X ULN +/- rhabdomyolysis
h A 4
6 week washout of statin until normalisation
e of CK/creatinine and symptoms
|
Symptoms persist: Symploms improve:
statin re-challenge Second statin at usual or starting dose
|
Symplom-Tres:
Continue statin EI N ce

L L 2
1} Low dose third efficacious (potent)* statin; 1) Low dose second efficacious® statin;

Z)  Efficacious® statin with alternate day or 2) EMicacious® statin with alternate day
onceftwice weekly dosing regimen or onceftwice weekly dosing regimen

Y Y Y L 4

Alm: achieve LDL-G goal® with maximally tolerated dose of statin

!

Ezetimibe
|
¥ ¥ ¥ Eur Heart J.
Al + bile acid absorption inhibitor || 8] + fibrate (not gemfibozil) A+B 2015 Feb 18.

L J v Y

If still not at goal: consider additional (future) novel therapies: PCSKS monoclonal antibody therapy, CETP inhibitor




A Overview of the pathophysiology of SAMS

A Genetic susceptibility to SAMS
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The role of mitochondria in statin-induced myopathy

Maria Apostolopoulou™, Alberto Corsini*® and Michael Roden ™'

Statins
Acetyl-CoA +
acetyloacetyl-C

HMG-CoA

Cholesterol ?
: Cholesterol __0
,ﬂ\— Dolichols synthesis

Prenylated protein

Membranolysis

>/

MPT pore
opening

Altered gene
expression

t Ca*? &

EurJd Clin Invest
2015; 45(7):7486

Apoptosis & 754
CLC-1 channel

H Hyperexcitability

\




Efflux and uptake transporters as determinants of statins response

Intestine

Liver

L ABCG5/8 or
T MRP2, Pg-P, BCRP . TMRP?2
!i'.':::::.'::' s P- ap
; BCRP

< [statin] plasma
< LDL-C lowering

OATP2B1

OATP1B1
OATP1B3

Blood

wi iy

< hepatic statin uptake
< LDL-C lowering

> [statin] plasma

> risk myopathy

Rodrigues AC Expert Opin Dru Metab Toxicol 6(5): 621-632; 2010

Muscle

Vi

OATP2B1

1

~L

MRP1

1

T OATP2B1 or
I MRP1

ii.

> Intracellular
[statin]
> risk myopathy
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Enzymatic and drug transporter pathways
Involved In the pharmacokinetics of statins

Atorvastatin Fluvastatin XL Lovastatin Pitavastatin Pravastatin Rosuvastatin Simvastatin

CYP-mediated metabolism CYP3A4 CYP2C9 CYP3A4 Biliary, Sulphonation Biliary, CYP3A4
CYP2C9/2C8 CYP2C9,
(minor) 2C19 (minor)
UGT1A1/1A3-mediated Yes Yes Yes Yes Yes Yes Yes
metabolism

Transporter proteins Yes Yes Yes Yes Yes Yes Yes
OATP1B1 Yes Yes Yes Yes Yes Yes Yes
OATP1B3 NA Yes NA Yes Yes Yes Yes
0ATP1A2 NA NA Yes NA NA Yes NA
OATP2B1 Yes Yes NA Yes Yes Yes NA |
0AT3 NA Yes Yes NA Yes NA Yes
BCRP Yes Yes NA Yes Yes Yes NA
MDR1/P-gp Yes No Yes Yes Yes No Yes
MRP2 Yes NA NA Yes Yes NA NA
BESP ? Yes ? NA Yes ? ?

Corsini A and Ceska R Curr Med Res & Op Vol. 27:15511 1562 ; 2011



Blood Brain Barrier

Choroidplexus

OATP1A 6“ TN T\
OATP2B1 ‘ i (; E) lL_OATP3A1_v2
ge

OATP1C1

% OATP3A1_v1

Ciliary epithelium Hepatg

OATP1A2 OATP1B1
OATP2B1 a
OATP1C1 ’
OATP2A1 ; OATP1B3
OATP2B1
OATP3A1_v1 ) —
OATP4A1 Cholangiocyte
Small intestine
, OATP1A2

OATP1A2 ?,

Kidney distal
tubule

Skeletalmuscle

-

OATP2B1

I
(! OATP1A2

Placenta

0ATP281
i

A4

Distribution of OATPs in
selected human epithelial
tissues. The OATPs within
the same subfamily are
labelledwith the same colol

Hagenbuch B and Stieger B
Molecular Aspects of Medicine 34
(2013) 3961 412



Postulated mechanism of stamyotoxicity

Statin
S
- -
< OATP2B1
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Skeletal
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Rodrigues AC
Expert Opin.
Drug Metab.
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(2010)



Overview of the relative prevalence of the main types of adverse effects reported
with statin therapy. RCT, randomized controlled trial; SPARCL, Stroke Prevention by
Aggressive Reduction in Cholesterol Levels.

Haemorrhagic stroke?
No increase in risk, although SPARCL
suggested a possible increase in risk/
with prior stroke P

' Effects on cognition?
Cataract? B 3 .
L : b No evidence that statins adversely
No evidence for increased risk / R I 2 affect cognitive AN

Statin Therapy

Muscle symptoms b S
Double -blind RCTs: 0.1-0.2%: )
Non-blinded observational /
studies: 7-29%

Dysglycaemia,
new-onset diabetes
RCTs: ~0.1 per year; individuals with )
metabolic syndrome or prediabetes /
are at greater risk

Effects on liver
Clinically relevant effects are
very rare (~1 per 100,000)

Proteinuria
Low frequency of mild proteinuria:
no evidence of clinically significant
deterioration of renal function

Eur Heart J. Published online April 27, 2018. doi:10.1093/eurheartj/ehy182



No difference by statin

n Statin  Placebo OR (95% CI) Weight (%)
or control

Atorvastatin i
ASCOT-LLAY 7773 154 134 — . 114 (0-89-1-46) 7-07%
R 114 (0-89-1-46) 7-07%

Simvastatin i
HP5* 14573 335 293 il 1-15(0-98-1-35) 13-91%
451 4242 198 193 — 103 (0-84-1-28) 8-88%
Subtotal (P=0-0%, p=0-445) > 111 (0-97-1-26) 22.80%

Rosuvastatin i
JUPITER* 17802 270 216 B 1:26 (1.04-1-51) 11-32%
CORONA? 3534 100 88 — - 114 (0-84-1.55) 4-65%
GISSIHF® 3378 225 215 —— 110 (0-89-1-35) 9-50%
Subtotal {F=0-0%, p=0-607) < = 118 (1-04-1-33) 25-46%

Pravastatin i
WOSCOPS® 5974 75 93 — 079 (0-58-1-10) 4:24%
LIPID® 6997 126 138 — 0-91(071-1-17) 6-53%
PROSPER™ 5023 165 127 - 1-32 (1.03-1.69) 6-94%
MEGA™ 6086 172 164 — 1-07 (0-86-1-35) 8-03%
ALLHAT-LLT* 6087 238 212 +—m— 115 (0-95-1.41) 10-23%
GISSI PREVENZIONE'® 3460 96 105 — T 0-89 (0-67-1-20) 4-94%
Subtotal (F=47-5%, p=0-090) <= 1-03 (0-90-1-19) 40-91%

Lovastatin E
AFCAPS/TexCAPS™ 6211 72 74 — 0-98 (070-1:38) 376%
S 0-98 (0.70-1-38) 376%
Overall (I*=11-2%) Q; 1-09 (1.02-1-17) 100%

| : | 1 |
05 1.0 20 40 80

Sattar N et al. Lancet. 2010;375:735-42
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Figure 2 | Potential sites of action of statins on B-cell function identified from
in vitro studies. (1) Statinz reduce mRMNA and protein expreszion of GLUTZ, limiting
glucose uptake. (2) Statins upregulate LDL receptors and cholesterol uptake. Cholester
loading impairs f-cell function, proliferation and survival. [3) Statins reduce Cosnzyme
NATURE REVIEWSNDOCRINOLOGOLUME 12 | FEBRUARY Q10 [Co10) levels secondany ta inhibition of the mevalonate pathway impairing
2016 |99 mitechondnal electron transport and ATP production. ATP is an essential regulator of
inzulin secretion through effects on K, channels, membrane depolarization and
subseguent calcium channel opening. (4) Statins inhibit L-type calcium channels and th
rise in oytosolic calcium levels that is required for insulin secretion. (3) Statins reduce
izoprene synthesiz impairing the post-translational modification of zmall G proteins,
wihich are imoortant i insulin-cantaiming aranule evocatozi: Reorninted from Sattar o



Meta-analysis of NewOnset Diabetes and First
Major CV Events in 5 Large Trials Comparing Intensive
Moderate-Dose Statin Therapy

l Incident Diabetes l
= 2,18 0004

Ato Z,'7 2004
TNT, 15 2005
IDEAL, 18 2005
SEARCH.5 2010

Pooled odds ratio
Heterogenety: [F=0%; P=.80

Incident CVD
PECOVE [T=TIMI 22,12 2004

Ato 717 2004
TNT,'S 2005
IDEAL '8 2005
SEARCH,® 2010

Pooled odds ratio
Heterogenety: F=74%; P=.004

Cases/Total, No. (%)

Intensive
Dose

10141707 (5.9)
65/1768 (3.7)
418/3798 (11.0)

240/373T (5.4)
£25/5308 (11.6)

1449/16408 (8.8)

3151707 (1B.4)
2121768 (12.0)
B47/3708 (17.0)
7763737 (20.8)
1184/5308 (21.9)

3134116408 (19.1)

Moderate
Dose OR (95% CI)
00/1688 (5.9) 1.01 (0.76-1.34)
47A1736 (2.7) 1.37 (0.94-2.01)
358/3797 (0.4) 1.19 (1.02-1.38)
200/3724 (5.6) 1.15 (0.95-1.40)
587/5300 (10.9) 1.07 (0.95-1.21)
1300/16 344 (8.0) 1.12 (1.04-1.22)

355/1688 (21.0) 0.85 (0.72-1.01)
234/1736 (13.5) 0.87 (0.72-1.07)
830/3797 (21.9) 0.73 (0.65-0.82)
017/3724 (24.6) 0.80 (0.72-0.89)
1214/5300 (22.5) 0.97 (0.85-1.06)

355016344 (21.7) 0.84 (0.75-0.94)

i =

0.5

-
—
;

Odds Ratio (95% CI)

20

0.5 1.0 20
Odds Ratio (95% CI)

_._.
_._._
-
—
L

NTT/yr
NNH/yr

155 for CV events

498 for new-onset diabetes

Preiss et al. JAMA 2011:; 305:2556-64



lm . _-"I.
L'uso del
Farmaci 80
In Italia
Anno 2020
® 601
o
£ T
-}
g a0
(fo)
M rirsr] Eﬂ |
— 010
— 2020
0 . y y : : y
, (] &0 120 180 240 300 J6E0
@;ﬁ\lf-'& Tempao (giorni)

Mota: un‘interruzione al trattamento si verifica se il soggetto non ha una prescrizione erogata entro &0 giorni (per
maggiori dettagli consultare | metodi statistici). Per questo motivo, non possono osservarsi interruzioni negli ultimi
&0 giorni dalla fine del follow-up (365 giomni)



Recommended treatment goals for LDL-lowering therapy:

main changes from 2016 to 2019

Risk category

LDL goalgstarting with untreated LDIC)

2016 2019
Very-hightrisk <1.8mmol/L (70 mg4l) <1.4mmol/L (55 mgdl)
2NJ Bp E:-CQ83M5F70[ 5[ and>50%@
- 135 mgdLD)
Highrisk <2.6mmol/L (100mgdLD) <1.8mmol/L (70 mgdL)

Moderate-risk

Lowrisk

2NJ Bbp x:-CR65RFT [ 5[ and>50%
(100- 200 mgdL)

<3.0mmol/L (115 mgdL) < 2.6mmol/L (100 mgdl)
<3.0mmol/L (115 mgdL) <3.0mmol/L (115 mgdl)




@ ESC European Journal of Preventive Cardiology FULL RESEARCH PAPER

European Society doi:10.1093/eurjpc/zwaa047
of Cardiology

EU-Wide Cross-Sectional Observational Study
of Lipid-Modifying Therapy Use in Secondary
and Primary Care: the DA VINCI study

Aims To provide contemporary data on the implementation of European guideline recommendations for lipid-lowering
therapies (LLTs) across different settings and populations and how this impacts low-density lipoprotein cholesterol
(LDL-C) goal achievement.

Conclusion Gaps between clinical guidelines and clinical practice for lipid management across Europe persist, which will be exa-
cerbated by the 2019 guidelines. Even with optimized statins, greater utilization of non-statin LLT is likely needed
to reduce these gaps for patients at highest risk.

EurJPrevCardiol 2021 Sep 20;28(11):12-2289



ESC/EAS 2016 and 2019 riskased LDL cholesterol goal attainment
among patients stabilized on lipidlowering regimens

Very high risk
(n=2039)

2.3

11

Overall (n =2039)

Low-intensity statin monotherapy (n = 47)
Moderate-intensity statin monotherapy (n = 887)
High-intensity statin monotherapy (n = 764)
Ezetimibe combination (n = 189)

PCSK9i combination (n = 24)

Other LLT (n = 128)

T T T T
20 40 60

Proportion of patients
receiving LLT (%)

80

20

40 60 80

Proportion of patients
achieving goal (%)

1
100

2016 2019
[ ] Overall
Low-intensity statin monotherapy
[ ] 7] Moderate-intensity statin monotherapy
. /] High-intensity statin monotherapy
[ ] Ezetimibe combination
B 7 rcskoi combination
B @A otherur

2016/2019 risk-based LDL-C targets:

Low risk: 2016/2019, <3.0 mmol/L

Moderate risk: 2016, <3.0 mmol/L; 2019, <2.6 mmol/L
High risk: 2016, <2.6 mmol/L; 2019, <1.8 mmol/L
Very high risk: 2016, <1.8 mmol/L; 2019, <1.4 mmol/L

EurJPrevCardiol 2021 Sep 20;28(11):12-2289



Farmaci ipocolesterolemizzant
dalle molecole di sintesi ai farmaci biologici

Statine
Terapia di combinazione
Farmaci biologici

La terapia genica



Treatment algorithm for pharmacological LEL lowering

Risk modifiers
imaging (subclinical atherosclerosis)
Risk Reclassification?

e s s D —
|
|
|
|
I
|
|
|
|
|
|

Lifestyle advice /
Lifestyle intervention

[ High potency statin at highest ]

recommended /
tolerable dose to reach the goal

Add ezetimibe h

@
3 [t remen (i European Heart
FH an;yal:\other majcfr risk factor J | 20 19
(very-high risk) ourna ( )
00, 1-78

: B * Primary prevention: patients at
Consider adding g ;
PCSK9 inhibitor very-high risk but without FH
(see Table 4)




All therapies that act predominantly to lower LDL up-
regulate LDL receptors and thus increase LDL clearance

" Lower plasma
LDL-C

t LDL Clearance ~

-

to bile acids by Upregulation of PCSK9
Bile acid sequestrants (resins) LDL Receptors inhibitors
lleal bypass surgery \
J -
T £
1 = + 3 Cholesterol Pool

f -
|

I» Conversion of hepatic cholesterol |

Bile acid sequestrants (resins) Intestinal ] / 5/
Ezetimibe Cholesterol ) -1 ]| Cholesterol |
3 Synthesis |

lleal bypass surgery Absorption

by all 3 interventions >

Statins

FerenceB et al European Heart Journal (2007)¢14



Le due principali fonti di colesterolo

Colesterolo
alimentare

(~300-700
mg/die)

Epaticas

[E200Nmg/die . .
Colesterolo

BILIARE
(~1000 mg/die)

Assorbimento
(~600-800 mg/die)

Intestino
Tessuti
extraepatici

Acidi biliari fecali e steroli
neutri (700 mg/die)

*e tessuti extraepatici

Riadattato da Champe PC, Harvey RA. In Biochemistry. 2nd ed. Philadelphia: Lippincott Raven, 1994; Glew RH. In Textbook of
Biochemistry with Clinical Correlations. 5th ed. New York: Wiley-Liss, 2002:728-777; Ginsberg HN, Goldberg IJ. In Harrison’s
Principles of Internal Medicine. 14th ed. New York: McGraw-Hill, 1998:2138-2149; Shepherd J Eur Heart J Suppl 2001;3(suppl
E):E2-E5; Hopfer U. In Textbook of Biochemistry with Clinical Correlations. 5th ed. New York: Wiley-Liss, 2002:1082-1150; Bays H
Expert Opin Investig Drugs 2002;11:1587-1604.



Pharmacological effects of lipidmodification therapies

Effect on LDL Effect on Effect on Cardiovascular ~ Ongoing studies
cholesterol triglycerides and lipoprotein(a) benefit
cholesterol
remnants
Antisense and mAbsto ANGPTL3  Moderate decrease Strong decrease Neutral No NCT02709850 (phase 2),
phase 3 trials*
Antisense, mAbs, and siRNA to Neutral Strong decrease Neutral No NCT03385239 (phase 2),
apolipoprotein C3 NCT03783377 (phase 1)
Antisense to apolipoprotein(a) Neutral Neutral Strong decrease  No NCT03070782 (phase 2)
Bempedoic acid Moderate decrease Neutral Neutral No NCT02993406 (phase 3 CVOT)
Bile acid sequestrants Moderate decrease Mild decrease Neutral Not No
CETP inhibitors Moderate decrease Neutral Mild decrease Yest No
I Ezetimibe Moderate decrease Neutral Minimal increase  Yes No n
Fibrates: SPPARMs Neutral Moderate decrease Neutral Not§ NCT03071692 (phase 3 CVOT)
Fish oils: EPA Neutral Moderate decrease Neutral Yes No
Fish oils: EPA and DHA Neutral Moderate decrease Neutral No NCT02104817 (phase 3 CVOT)
Inclisiran Strong decrease Mild decrease Mild decrease No NCT03814187 (phase 3 CVOT)
Lomitapide Moderate decrease Mild decrease Mild decrease No Nof|
Anti-PCSK9 mAbs Strong decrease Mild decrease Mild decrease Yes No
Mipomersen Moderate decrease Mild decrease Mild decrease No Nof
Nicotinic acid Mild creas ild decrease ild d creas No
Statins Stron;ﬁda‘¥aseK et % j‘ecga(s:eeﬂoj'% r?r’réi |ncrea%7jé No




Ezetimibe appears to localize to the site of
cholesterol absorption

Uptake of a fluorescent cholesterol 125 kGluc-Ezetimibe Delivered I.V.

Bile-Duct Cannulated Rats

Sparrow et al. J Lipid Res. 1999; 10:1747



Model for NPC1L1-mediated cholesterol uptake

Ezgt|m|be High cholesterol

Extracellular
Cellmembrane

Intracellular ‘ i
i‘
ﬂ
/' ‘j:; /Apz clathrin
/ . Clathri complex
NPC1L1

AP2

Endocytic recycling
compartment

Vs o=

cholesterol

Cholesterol  Clathrin  NPC1L1 AP2

PhanBA et al Health RisiManag 2012;8:41827




Cholesterol Absorption was Inhibited by 54%

(p < 0.001)

801

70+ "\,
60-
50l 498%
40-
30-

201

22.7%

10+

Cholesterol Absorption (%)

Placebo Ezetimibe

Sudhop et al. Circulation 2002; 106;1943



Metabolism of Ezetimibe

Ezetimibe OH A Rapidly metabolized to an
?H g active glucuronide metabolite
A Both parent drug and
;N metabolite inhibit cholesterol
F o) O absorption
\ N A
Glucuronidation

Glucuronide metabolite more
potent than parent drug in
inhibiting cholesterol
absorption

A Repeated enterohepatic
circulation results in long

Glucuronide duration of action

Adapted from Catapano AL Eur Heart J Suppl 2001;3(suppl! E):E6-E10; van Heek M et al Br J Pharmacol 2000;129:1748-
1754; Patrick JE et al Drug Metab Dispos 2002;30:430-437; Ezzet F et al Clin Ther 2001;23:871-885.



Ezetimibe and Statins Have Complementary
Mechanisms of Actiort

. L. o Reduction of hepatic cholesterol
Together, ezetimibe in combination

with a statin provides: e Increased LDL receptor expression

@ Increased clearance of plasma LDL-C

Liver

X

Cholesterol
Pool (Micelles)

(2

LDL Receptor
Expression

\ =

U aEETED GEETEED @ GETED GEETIED GETED GETIPD GEETIED GEITED GEEETIEES GEFTEED GEVIED @ETND GEETEES

Atheroma
NPC1L1 = Niemarick Clike 1HMGCoA = Biydroxp-methylglutaryl acetyl coenzyme A; CMR = chylomicron remnant.
1.Grigore L et &las Health Risk Mar2@08;4:26278.



As high as 60% LDL-C lowering via dual inhibition

Inhibition of Inhibition of synthesis Dual inhibition
absorption Statin + EZETROL
absorption SYUIGESS synthesis absorption

synthesisv v absorption v v

LDL-C

CHANGE OF SYNTHESIS
AND ABSORPTION MARKERS!

10%

0
20% STATIN

30% +

40% 30-45% EZETIMIBE
50% As high as ===

MEAN LDL-C LOWERING?3

1. Assmann G, et al. J Am Coll Cardiol 2004;43(5, Suppl. 2):A445-A446; 2. Goldberg AC, et al. Mayo Clin Proc. 2004 May;79(5):620-9.;
3. Davidson M etl. J Am Coll Cardiol 2002; 40:2132b



LDL-C Reduction Across the Dose Range

110

120

130

740

Mean % change
from baseline to week 12

150

160

170

Eze/Simva Simvastatin
10/10 mg 10/20 mg 10/40 mg 10/80 mg 10 mg 20 mg 40 mg 80 mg
(n=87) (n=86) (n=89) (n=91) (n=79) (n=89) (n=90) (n=87)

*p<0.001 vs. corresponding dose of simvastatin
Adapted from Goldberg AC et al. Poster presentation at the 53rd ACC, March 77 10, 2004.

T 61%*



LDL -C reductions with statin monotherapy

Doubling of a statin dose generally achieves a modest
reduction in LDL-C of 5% to 6%

¥ LDL-C>50%

R ++T

J LDL-C<50%

Al0 A20 A40 @ F20 F40 F80 LI0 L20 L40 L80 PIO P20 P40 SI0 520 S40 S80 RS RIO:RZO: PI P2 ,
ans Statin dose*
ATOR FLUVA LOVA PRAVA SIMVA ROSU PITA Statins

Weng TC, et al.J Clin Pharm Ther .2010;35:139-151 Ezetimibe
Mukhtar RY, et Al. Int | Clin Pract . 2005;59(2):239-252

*High Efficacy Statins

Modified from ESC/EAS Guidelines for the Management of Dyslipidaemias:
Addenda, European Heart Journal 2011



Statin: doseeffectrelationship

1000 -

g% Desired pharmacological effect

800 A

600 |

Incidence (%)

400 |

200 -+

0o

0 1 25 5 10 20 40 80
Dose of Statin (mg/day)

Adapted from Rowland M et al., Clin. Pharmacokin.: Concepts and Applications. 2nd Ed. Philadelphia, Lea & Febiger, 1989
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Statins plus ezetimibe in the era of
proprotein convertase subtilisin/kexin
type-9 inhibitors
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Ezetimibe
Intestinal and biliary
cholesterol absorption

) inhibit
Intestine i

25% dietary 75% biliary
cholesterol cholesterol

Li
f\ {\ X NPCILL won

receptor

Serum
LoL-c
::_’cn wwr cholesterold,

LR Hepatic
e

LDLR
Degradation of >

PCSK9-LDL
receptor
in lysosomes

X

PCSK-9 inhibitors
Increase hepatic LDL-R
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Statins
Reduce cholesterol
synthesis in liver

HMG-CoA reductase

DL

Figure 1. Lipid-lowering mechanisms of action for statins, ezetimibe, and PCSK-9 inhibtors.
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Table 1. Mean percent change of total cholesterol and LDL-C from untreated baseline of the

single-pill combination of ezetimibe/simvastatin, ezetimibe/atorvastatin and

ezetimibe/rosuvastatin in patients with primary hypercholesterolemia.

Treatment N [ Total-C [ LDL-C
Ezetimibe/simvastatin
Pooled data (all ezetimibe/simvastatin doses) 609 -38 -53
Pooled data (all simvastatin doses) 622 -28 -39
Ezetimibe/simvastatin by dose
10/10 152 -31 -45
10/20 156 -36 -52
10/40 147 -39 -55
10/80 154 -43 -60
Simvastatin by dose
10 158 -23 -33
20 150 -24 -34
40 156 -29 -41
80 158 -35 -49
Ezetimibe/atorvastatin
Pooled data (all ezetimibe/atorvastatin doses) 255 41 -56
Pooled data (all atorvastatin doses) 248 -32 -44
Ezetimibe/atorvastatin by dose
10/10 65 -38 -53
10/20 62 -39 -54
10/40 65 -42 -56
10/80 63 -46 -61
Atorvastatin by dose
10 60 -26 -37
20 60 -30 -42
40 66 -32 -45
80 62 -40 -54
Ezetimibe/rosuvastatin
Pooled data (all ezetimibe/ rosuvastatin doses) 195 -39 -57
Pooled data (all rosuvastatin doses) 194 -30 -44
Ezetimibe/rosuvastatin by dose
10/5 65 -35 -52
10/10 66 -39 -57
10/20 64 -45 -64
Rosuvastatin by dose
5 65 -29 -40
10 65 -31 -46
20 64 -35 -49

De Luca L et dKardiol
Pol 2020Jul24



Waterfall plot for participants allocated tosuvastatir20 mg for %
change in LDELC and incident event rates in JUPITER trial
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RidkerPM et alEurHeart J. 2016 Feb 24



Lipids in Health and Disease BioMed e

Research Open Access
NPCILI haplotype is associated with inter-individual variation in
plasma low-density lipoprotein response to ezetimibe

Robert A Hegele* .2, Justin Guy!, Matthew R Ban! and Jian Wang!
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Figure | Lipids in
Individual LDL-cholesterol response to ezetimibe 10 Health and
mg. Each bar represents the percent change in LDL-choles- Disease 2005,

terol from baseline for one study subject; these data are

arranged in rank order to show the range of responses. 418



There is a negative correlation between the LDIC
response to statins and the response to Ezetimibe

% decrease with STATINS 20/40 mg/day
-50 -60

r=-0.713 (P<0.0001)
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Fig. 2. Pearson’s correlation between percent decrease of LDL-C induced
by statins and by ezetimibe in genotype confirmed heterozygous FH patients.

Pisciotta L et al. Atherosclerosis 2006



Effect of a negative correlation between the LDL reduction of two drugs on the
final variance of LDL reduction induced by the combination of the two drugs

Supplemental Figure 2.

Negative correlation
*

DZ=a+b.D1
. Nocar.relntion ’ with (b<0)
e .\.
0

LDL re Combination
drug 1 +drug 2

Drug 1 + Drug 2

LDL reduction (% LDL reduction (%)

Mathematical demonstration of the effect of a negative correlation between the LDL reduction of two drugs on the final variance of LDL

reduction induced by the combination of the two drugs.

Atherosclerosis 240 (2015) 4889. Supplementary data



Lipid -Lowering Efficacy of Ezetimibe and
Ezetimibe/Simvastatin

Adding ezetimibe to ongoing statin therapy

Adding ezetimibe to ongoing statin therapy vs doubling

the statin dose vs switching tosuvastatin
Heterozygous FH

Statin intolerance



Co-Administration of Ezetimibewith Simvastatin:
% Reduction on LDLC by Baseline Subgroup Parameters

O Pooled simvastatin ® Pooled ezetimibe/simvastatin

baseline in LDL-C
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Anne C. Goldberg et al., May@lin Proc2004;79:628629



Ezetimibe RCP



