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The State of Art
Le Lipoproteine ricche in ApoB sono causa di malattie 

cardiovascolari di natura aterosclerotica



Pathogenesis of diabetic dyslipidemia

Progress in Cardiovascular Diseases 62 (2019) 334–341



Treatment algorithm for diabetic dyslipidemia

M E T A B O L I S M  C L I N I C A L  A N D  E X P E R I M E N T A L 6 3 ( 2 0 1 4 ) 1 4 6 9 – 1 4 7 9



1 mmol/L
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ASCVD+
2° event <2yrs

Prevenzione secondaria



CONCLUSIONS: We should move away from ‘high-intensity statin treatment’ and ‘the 
wait and watch paradigm’ and instead start treating all very high- and extremely high-
risk patients with COMBINATION THERAPY as the basic standard of care.



Lancet 2008; 371: 117–25

Proportional eff ects on major vascular 
events per mmol/L reduction in LDL 

cholesterol by baseline prognostic factors 
in participants with diabetes



Summary of principal RCTs with PCSK9 inhibitors

Acta Diabetologica (2018) 55:209–218





Percentage change from baseline to week 24 in non-HDL-C, LDL-C, ApoB, LDL-PN

Acta Diabetologica (2018) 55:209–218





Current Cardiology Reports 2020

Il raggiungimento degli obiettivi terapeutici nell’ era degli inibitori di PCSK9
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Agenda

 Il futuro della terapia di riduzione di LDL-C



ATP-citrate lyase (ACLY) is an enzyme possessing the unique feature to be positioned at the intersection of nutrient 
catabolism, cholesterol and fatty acid biosynthesis, thus connecting glucose metabolism to lipogenesis

EXPERT OPINION ON PHARMACOTHERAPY 2019



L’Acido Bempedoico non è attivato nel muscolo scheletrico

No
ACSVL1

Pinkosky S et al. Nat Commun. 2016;7:13457. 



ASCVD
e/o

HeFH 

In aggiunta a statina

12-week LDL-C
52-week safetyCLEAR Wisdom (047): pazienti ad alto rischio (N=779)1

12-week LDL-C 
CLEAR Tranquility 

(048): SI (N=269) + 
trattamento con EZE5

ASCVD e/o HeFH o 
prevenzione primaria

no statina o statina a 
bassa intensità

12-week LDL-C
24-week safetyCLEAR Serenity (046): SI (N=345)4

CLEAR Harmony (040): studio di sicurezza a lungo termine (N=2230)2

1.5-year 
safetyCLEAR Harmony OLE (050): estensione in aperto (N=1452)3

ASCVD e/o HeFH o 
prevenzione primaria

FDC in aggiunta a statina

12-week LDL-C 
12-week safety

FDC Study
(AB + EZE, 053) (N=382)6

Pazienti in 
trattamento
con statine ad 
intensità
alta/moderata

Pazienti
intolleranti alle
statine

Associazione
precostituita

L’Acido Bempedoico è stato valutato in un solido programma clinico
che ha incluso un ampio spettro di pazienti

12-week LDL-C
52-week safety

• ASCVD = malattia cardiovascolare su base aterosclerotica; AB = acido bempedoico; EZE = ezetimibe; HeFH = iperholesterolemia familare eterozigote;
LDL-C Colesterolo LDL; OLE = open-label extension; SI = statino-intolleranti

• 1.Goldberg AC et al. JAMA. 2019;322(18):1780-1788. doi:10.1001/jama.2019.16585; 2. Ray KK, et al. N Engl J Med. 2019;380:1022-32; 3. ClinicalTrials.gov identifier NCT03067441; 4. Laufs U, et al. J Am Heart Assoc. 2019;8:e011662;  5. Ballantyne CM, et al. 
Atherosclerosis. 2018;277:195-2036.  6. Ballantyne CM et al. Eur J Prev Cardiol. 2020;27(6):593-603.



Acido Bempedoico + Ezetimibe fixed dose combination-FDC

Studio FDC

Riduzione di LDL-C del 38% 



Post hoc population

Studio FDC: l’acido bempedoico riduce hsCRP sia da solo che in associazione fissa
con ezetimibe

• Ballantyne CM et al. Eur J Prev
Cardiol. 2020;27(6):593-603. 

• Erik S. G. Stroes, Presented at the 
American College of 

Cardiology/World Congress of 
Cardiology , Chicago, March 28 2020

BA, bempedoic acid; EZE, ezetimibe; FDC, fixed-dose combination; hsCRP, high-sensitivity C-Reactive Protein; NS, non-significant.

L’acido bempedoico
riduce hsCRP nei

pazienti con 
ipercolesterolemia, 
indipendentemente

dalla presenza o 
dall’intensità di una 

terapia statinica
sottostante.

Acido Bempedoico + Ezetimibe FDC



Eventi avversi durante il trattamento Acido Bempedoico
N=2424,  % (n)

Placebo
N=1197,  % (n) p

Debolezza muscolare 0.5 (13) 0.6 (7) 0.82

Nuova insorgenza di diabete/iperglicemia 4.0 (96) 5.6 (67) 0.03

Aumento di acido urico nel sangue 2.1 (51) 0.5 (6) < 0.001

Iperuricemia 1.7 (40) 0.6 (7) 0.007

Gotta 1.4 (33) 0.4 (5) 0.008

Aumento di creatinina nel sangue 0.8 (19) 0.3 (4) 0.12

Diminuzione della velocità di filtrazione glomerulare 0.7 (16) <0.1 (1) 0.02

Aumento degli enzimi epatici 2.8 (67) 1.3 (15) 0.004

> 3 volte rispetto ai limiti superiori di riferimento 0.7 (18) 0.3 (3) 0.10

> 5 volte rispetto ai limiti superiori di riferimento 0.2 (6) 0.2 (2) > 0.99

Disordini neurocognitivi 0.7 (16) 0.8 (9) 0.83 Banach M. et al., JAMA Cardiology, published online 
July 1, 2020. 

Eventi avversi di speciale interesse

• L’incidenza di mialgia e 
debolezza muscolare è 
risultata simile tra i gruppi di 
trattamento anche in pazienti
con sottostante terapia
statinica ad elevata intensità.

• Modeste variazioni dei livelli
ematici di creatinina e acido
urico si sono verificate
precocemente, sono risultate
stabili nel tempo e reversibili
dopo l’interruzione del 
farmaco.

• Episodi di gotta sono stati
riportati più frequentemente
nel gruppo di pazienti trattati
con l’acido bempedoico
rispetto al placebo, ma 
l’incidenza è stata comunque
bassa in entrambi i gruppi di 
trattamento e gli eventi si sono
verificati soprattutto in pazienti
con una precedente diagnosi
di gotta.

Un’analisi combinata di sicurezza condotta su più di 3.600 
pazienti ha confermato che l’acido bempedoico è ben tollerato
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Bempedoic acid
PCSK9 sirans
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 Il futuro della terapia di riduzione di LDL-C



Inclisiran è un siRNA che mima il processo fisiologico di  RNA interference.
Aumenta l’espressione dei recettori LDL sulla superficie dell’epatocita grazie al 

blocco della produzione di PCSK9.

Khvorova A, et al. N Engl J Med. 2017;376:4-7.
Fitzgerald K, et al. N Engl J Med. 2017;376:41-51.
Wang N, et al. Circ Res. 2017;120:1063-1065; 2. Fitzgerald K, et al. N Engl J Med. 2017;376:41-51

Inclisiran
Double-stranded
siRNA

Guide strand

Triantennary
GalNAc conjugate

• siRNA di sintesi coniugato con un 
carboidrato costituito da GalNAc
triantennaria per legame esclusivo 
con recettore ASGPR epatospecifico

• Agisce nell’epatocita a livello del 
citoplasma e non nel nucleo

• Utilizza il meccanismo naturale del 
RNA interference per impedire la 
traduzione di PCSK9 mediante la 
degradazione del relativo mRNA

• E’ formato da nucleotidi modificati 
per prolungarne la stabilità e la 
lunga durata d’azione 

Passenger strand



PCSK9 syntesis inhibitors
Long-term inhibition of PCSK9
synthesis and all intracellular and 
extracellular PCSK9 functions

Gene silencing
Intracellularly
(and extracellularly) located

Approcci terapeutici per ridurre LDL-C attraverso il recettore per le LDL: siRNA

NATURE REVIEWS | CARDIOLOGY VOLUME 15 | MAY 2018 | 261 



Caratteristiche studi di fase 3 ORION 9-10-11:  18 mesi durata, doppio-cieco, 
randomizzati, vs placebo

1. Raal FJ, et al. N Engl J Med. 2020;382(16):1520-1530. 2. Raal FJ, et al. [supplementary appendix]. N Engl J Med. 2020;382:1520-1530. doi: 
10.1056/NEJMoa1913805.  3. Ray KK, et al. N Engl J Med. 2020;382(16):1507-1519. 4. Ray KK, et al. [supplementary appendix]. 
N Engl J Med. doi: 10.1056/NEJMoa1912387.

≥18 years of age; fasting triglyceride <4.52 mmol/L 
(<400 mg/dL) at screening; had received statin 
treatment at the maximally tolerated dose or 
demonstrated documented intolerance. Ezetimibe 
therapy was allowed.

Prior or planned use of a PCSK9 mAb; MACE within 
3 months of randomization; had prior/planned use
of other investigational drugs; NYHA class IV heart 
failure or LVEF <25%; uncontrolled severe 
hypertension; severe concomitant non CV disease; 
fasting TG ≥4.52 mmol/L (400 mg/dL).

Common key inclusion criteria: Common key exclusion criteria:

ORION-9, ORION-10 and ORION-11: Patient population1,2

*Coronary heart disease, peripheral arterial disease, cerebrovascular disease, 
§Type 2 diabetes mellitus, familial hypercholesterolemia, or a 10-year CV risk ≥20% (assessed by the Framingham Risk Score)
ASCVD, atherosclerotic cardiovascular disease; LDL-C, low-density lipoprotein-cholesterol

Heterozygous familial hypercholesterolemia

Family history of familial hypercholesterolemia

Stable on a low-fat diet

LDL-C ≥100 mg/dL 

Established ASCVD*

LDL-C  ≥70 mg/dL

Established ASCVD*

ASCVD risk equivalent§

LDL-C ≥70 mg/dL in patients with ASCVD
or ≥100 mg/dL in those with ASCVD risk equivalent

ORION-112

ORION-102

ORION-91

To assess efficacy and safety of Inclisiran 300 mg compared to placebo 



Studi ORION 9-10-11: endpoint primario
Inclisiran fornisce un'efficace e prolungata riduzione delle LDL-C per 18 mesi 

1. Raal FJ, et al. N Engl J Med. 2020;382(16):1520-1530. 
2. Ray KK, et al. N Engl J Med. 2020;382(16):1507-1519.

Placebo
Inclisiran

ORION-91

Placebo

Inclisiran

Days

Pe
rc

en
t c

ha
ng

e
fr

om
 b

as
el

in
e

20

0

-20

-40

-60

-80

-100
100 200 300 400 5000

Change in LDL cholesterol

No. of patients
240
242

237
240

238
239

235
240

233
237

233
237

229
231

232
232 Placebo

Inclisiran
780
781

762
758

745
757

724
737

715
731

698
721

666
691

670
705

ORION-102

No. of patients

Placebo

Inclisiran

20

0

-20

-40

-60

-80

-100
90 150 270 450 5100 330 540

Days

Percentage change in LDL cholesterol 

Pe
rc

en
ta

ge
 c

ha
ng

e
fr

om
 b

as
el

in
e

ORION-112

No. of patients
807
810

797
790

785
796

774
778

773
773

764
768

739
724

749
742

Inclisiran

20

0

-20

-40

-60

-80

-100
90 150 270 450 5100 330 540

Days

Pe
rc

en
ta

ge
 c

ha
ng

e
fr

om
 b

as
el

in
e

Percentage change in LDL cholesterol 

Placebo
Inclisiran

Placebo

Variazione percentuale LDL nel tempo (over time) 

Used with permission. Raal FJ, et al. N Engl J Med. 2020;382(16):1520-1530. Used with permission. Ray KK, et al. N Engl J Med. 2020;382(16):1507-1519.

-47.9% 
(P<0.001)

-52.3% 
(P<0.001)

-49.9%
(P<0.001)

Between group 
difference



Studi ORION 9-10-11
Endpoint secondario: Percentuale di pazienti con riduzione ≥50% del colesterolo 
LDL rispetto al basale al giorno 510 
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Inclisiran reduced LDL-C by ≥50% in clinical studies involving patients 
with HeFH, ASCVD, and ASCVD risk equivalents 

Study

1. Raal FJ, et al. N Engl J Med. 2020;382(16):1520-1530. 
2. Ray KK, et al. [supplementary appendix] N Engl J Med. doi: 10.1056/NEJMoa1912387.

(HeFH)
N=482

(ASCVD)
N=1561

(ASCVD, ASCVD  risk equivalents)
N=1617



Metanalisi studi Orion 9-10-11
Riduzione delle LDL-C e Major adverse Cardiovascular Event (MACE)

Khan SA et al; AM.J Cardiol; 134:69-73



JACC VOL. 77, NO. 9, 2021 Wright et al. MARCH 9, 2021:1182 – 9 3 

Profilo di safety. Analisi pooled studi ORION 9-10-11 (2) 



Normal renal function (n=8) 
Mild renal impairment (n=8)

Moderate renal impairment (n=8)
Severe renal impairment (n=7)

ORION-7 studio nella disfunzione renale. 
Non sono necessari aggiustamenti di dose in pazienti con problematiche renali.

*Normal renal function: estimated CrCl level, >90 mL/min; mild renal impairment: 
CrCl level, 60-89 mL/min; moderate renal impairment: CrCl level, 30-59 mL/min; 
severe renal impairment: CrCl level, 15-29 mL/min.  

equivalent to 284 mg of inclisiran.
Wright RS, et al. Mayo Clin Proc. 2020;95(1):77-89. 

†300 mg inclisiran sodium salt, 

• Results
– The AUC0-inf for inclisiran

increased with greater degrees of 
renal impairment

– Maximum plasma concentration 
was increased with greater degrees 
of renal impairment, with a >4-fold increase 
in severe renal impairment

– The safety profile of inclisiran was 
unaffected by renal impairment 
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Inclisiran was undetectable in 
plasma of any renal function group 
48 hours post-dose

Phase 1 PK/PD single-dose renal impairment study in patients with normal renal function or mild, moderate, or severe renal impairment* treated with a 
single 300 mg dose of inclisiran† (N=31)



Nessuna limitazione per livelli di GFR, per insufficenza epatica lieve 
e moderata

farmacocinetica farmacodinamica

Kallend et al,  of Clinical Lipidology, https://doi.org/10.1016/j.jacl.2022.01.001 



Studi in corso per valutare i risultati a lungo termine e gli outcome cardiovascolari

*Please see most recent information available at clinicaltrials.gov for estimated primary completion date.
1. NCT03060577. https://www.clinicaltrials.gov/ct2/show/NCT03060577?term=ORION-3&draw=2&rank=1. 
Accessed October 20, 2020. 
2. NCT03814187. https://clinicaltrials.gov/ct2/show/NCT03814187. Accessed October 20, 2020.
3. NCT03705234. https://www.clinicaltrials.gov/ct2/show/NCT03705234?term=ORION-4&draw=2&rank=1
Accessed October 20, 2020
4. ClinicalTrials.gov Identifier: NCT05030428

ORION-31

Patients ≥18 years of age
Completion of ORION-1

N=490

ORION-82

Patients ≥18 years of age
Completion of ORION-9, 

-10, -11, or -5
N=2991

Extension trials*

ORION-43
Patients ≥55 years with ASCVD  
(prior MI, prior stroke or PAD)

N=15,000*Cardiovascular 
outcomes trial*

VICTORION-2 PREVENT4

Patients ≥40 years with ASCVD
15000 participants

https://www.clinicaltrials.gov/ct2/show/NCT03705234?term=ORION-4&draw=2&rank=1


Icosapentil ethyl

Agenda

 Il futuro della terapia di riduzione dei TG



names
Tg range

lipoproteins
lipids

mechanism
clinical features

associate condition 
/stressors

prevalence
disease risk

Primary HTG

Type IV

Mild-to-Moderate 
HTG

177– 887 
mg/dl

VLDL
IDL

Tg
Col

PR
FCR

Generally 
asymptomatic

insulin resistance; 
obesity;diabetes;
HTN; uric acid; 
alchool;drugs

1:20 CVD

MILD-TO-MODERATE HTG





Reduction of CV Events with Icosapent Ethyl-Intervention Trial

*96% pure ethyl ester of EPA
2 X 2gr/day

Bhatt DL, Ballantyne CM et al. Clinical Cardiology. 2017;40:138–148.

PUFA n3*



25%



Number of ischaemic events prevented by icosapent ethyl for every 
1000 patients treated for 5 years in REDUCE-IT



1.8

2.5
3.1



WHAT’S BEHIND THE CV BENEFITS in REDUCE-IT?

Reduction CV Death, MI and Stroke by 25%

Lipids Hemostatic
Thrombotic Inflammatory

TG  19.7% (45 mg/dl)
LDL-C 6.6% (5.0 mg/dl)
Non HDL-C 13% (15.5 mg/dl)
Apo B 9.7% (8.0 mg/dl)

Antithrombotic
Inhibition of Platelet

Aggregation

Antinflammatory
hsCRP 40% (0.9 mg/L)



Residual Risk and a Movement Toward Personalized Medicine

J A C C  2 0 1 8

Icosapent ethyl
Reduce-it



RECOMMENDATIONS FOR DRUG TREATMENT 
OF PATIENTS WITH HYPERTRIGLYCERIDAEMIA

Adapted from: Mach F, et al. Eur Heart J 2019. doi:10.1093/eurheartj/ehz455. Epub ahead of print.
CVD = cardiovascular disease; LDL-C = low-density lipoprotein cholesterol; PUFA = polyunsaturated fatty acids; TG = triglyceride.

High-Risk
Patients

• On statin
• High TG

N3 PUFA EPA +STATIN
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