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Perche’ un anticorpo    

monoclonale?

Perche’ PCSK9 come bersaglio 

farmacologico?



Proprotein convertase subtilisin/kexin 9                     

(PCSK9)

• Biochimica/fisiologia

• Epidemiologia

• Genetica

• Farmacologia



Association of 

PCSK9 with event-

free survival





Ference BA  et al. J Am Coll Cardiol 2015

Linear Association Between Genetically and Pharmacologically 

Mediated Lower LDL and Risk of Coronary Heart Disease



Perche’ un anticorpo    

monoclonale?

Perche’ PCSK9 come bersaglio 

farmacologico?



PCSK9: ruolo fisiologico e modulazione 

farmacologioca 



Ito MK et al J Clin Pharmacol. 2016 May 16

Anti-PCSK9 Therapeutic Approaches

https://www.ncbi.nlm.nih.gov/pubmed/27195910
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Proteine
Molecular Size and 3-D Structure and Complexity

Antibody (IgG) molecule

Erythropoietin 

Aspirin



Evolocumab è un anticorpo monoclonale umano di tipo IgG2 

prodotto in cellule ovariche di criceto cinese (CHO) mediante 

tecnologia del DNA ricombinante

Evolocumab RCP

Small Molecule Monoclonal Antibody

Size ~ 0.5 kDa ~ 150 kDa

Structure Chemical entity Immunoglobulin

Target Intracellular, CNS Extracellular

Target Specificity Low(er) High

Metabolism Hepatic/renal RES, target-mediated disposition

Administration PO SC or IV

Crossing BBB Potentially yes No



Interaction of PCSK9 and the LDL receptor 

Stein EA and Swergold GD  Curr Atheroscler Rep (2013) 15:310



Alirocumab: Pharmacokinetic properties

• Linear / Non linear pharmacokinetics (by PCSK9 and RES)

• Bioavailability about 85%

• Tmax 3-7 days

• Vss 3.5 Lt

• T1/2 consistent with other IgG1 Mab ( i.e. 3 weeks )

• The half-life of alirocumab at steady state was 17 to 20 

days in patients receiving alirocumab as monotherapy at 

subcutaneous doses of either 75 mg Q2W or 150 mg Q2W

• When co-administered with a statin, the median apparent 

half-life of alirocumab was12 days.



VIE  DI ELIMINAZIONE DEGLI  ANTICORPI MONOCLONALI

Target-mediate
(es., target binding,
internalizzazione)

mAb
Anticorpi 
anti-mAb

Vie non specifiche
(es., proteolisi, FcRn)

Riduzione e/o stabilizzazione del tumore a seguito della terapia

Riduzione espressione antigene Riduzione clearance

Zhou Z and Mascelli A Annu. Rev. Pharmacol. Toxicol. 2011. 51:359–72



ELIMINAZIONE DEGLI ANTICORPI MONOCLONALI

Differente affinità della frazione C dell’anticorpo monoclonale al recettore
neonatale (FcRn)

l’emivita aumenta a seconda che siano murini (2-3 giorni), 
chimerici (8-10 giorni) o umanizzati (20-23 giorni)

L’effetto dell’età, del genere, della funzionalità renale ed epatica sulla
farmacocinetica degli anticorpi monoclonali è controversa

Le differenze tra pazienti, in termini farmacocinetici, sono generalmente 
modeste

esposizione al farmaco consistente nelle diverse tipologie di 
pazienti

Auto-antibodies (e.g. rheumatoid factors) 



Alirocumab SPC





These results support the use of

evolocumab without dose adjustment in 

patients who have severe RI or ESRD.

Clin Pharmacol Drug Dev. 2019 Jan 24.

https://www.ncbi.nlm.nih.gov/pubmed/30676701




Non vengono metabolizzati attraverso la catalisi indotta dai citocromi 

ELIMINAZIONE DEGLI ANTICORPI MONOCLONALI

Non vanno incontro a processi di coniugazione 

Non sono riconosciuti dai trasportatori 

Fortemente ridotto il rischio di 
interazione con altri farmaci



Escrezione renale (es., 
filtrazione glomerulare,  
secrezione tubulare)

Molecole di piccole 

dimensioni

Escrezione 
biliare

Metabolismo epatico
(es., CYP450, glucuronidazione)

Altre vie minori
(es., sudore, saliva)

Transporter (es, Pgp, OATP)

VIE DI ELIMINAZIONE  DEGLI ANTICORPI MONOCLONALI

Target-mediate
(es., target binding,
internalizzazione)

mAb
Anticorpi 
anti-mAb

Vie non specifiche
(es., proteolisi, FcRn)

Zhou Z and Mascelli A 

Annu. Rev. Pharmacol. 

Toxicol. 2011. 51:359–72





Ferri N et al Pharmacological Research 111 (2016) 592–599 
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BEIJERINCK in HIV patients
Study Design and Treatment Schema
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Placebo SC QM

~150 patients

Evolocumab SC QM

~300 patients

Evolocumab SC QM

Double-blind 

Treatment Period
Open-label Period

1 4024124QM (week) 8 16 20 28 32 36 44 48

• Adults with HIV on 

stable lipid lowering 

and HIV therapy*

• In patients without

known ASCVD:
• fasting LDL-C ≥ 100 

mg/dL or non–HDL-

C ≥ 130 mg/dL

• In patients with known 

ASCVD:

• fasting LDL-C ≥ 70 

mg/dL or non–HDL-

C ≥ 100 mg/dL

N ~450 2:1

*Stable lipid-lowering therapy is defined as no change for ≥ 4 weeks prior to randomization and not expected to change during the 

study. Stable HIV therapy is defined as no change for ≥ 6 months prior to randomization.

ASCVD = atherosclerotic cardiovascular disease; HDL-C = high-density lipoprotein cholesterol; HIV = human immunodeficiency 

virus; LDL-C = low-density lipoprotein cholesterol; QM = once monthly; SC = subcutaneous.

ClinicalTrials.gov. https://clinicaltrials.gov/ct2/show/NCT02833844?term=NCT02833844&rank=1. Accessed May 4, 2017.

https://clinicaltrials.gov/ct2/show/NCT02833844?term=NCT02833844&rank=1
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ALIROCUMAB lowers LDL-C by 50-60%
in several conditions:

Monotherapy

Add-on to statin therapy

Add-on to non statin therapy
Statin intolerance 

FH patients

CHD patients

High risk patients (e.g. Diabetes)



Langslet G et al Expert Rev. Cardiovasc. Ther. 13(5), 477–488 (2015)



J Lipid Res. 2019 Sep 11



Evolocumab significantly reduces LDL-C 
irrespective of baseline characteristics

Raal et al. Lancet 2015;385:331–340.

Every 2 weeks dosing

Overall

Male patients

Female patients

Age ≥65 years

Age <65 years

BMI ≥30kg/m2

BMI >25 to <30kg/m2

BMI ≤25kg/m2

Non-intensive statin therapy

Intensive statin therapy

No ezetimibe use

Ezetimibe use

LDL-C ≥4.1mmol/L (158mg/dL)

LDL-C <4.1mmol/L (158mg/dL)

-80 -60 -40 -20 0

Change from baseline in LDL-C
(treatment differences of evolocumab vs placebo)









Subjects With HeFH or HoFH

(N ~ 115)
• Subjects with HeFH 

• Completed study 20120123 while still on 

assigned IP without IP-related SAEs 

• Subjects with HoFH
– Male or female ≥ 10 to ≤ 17 years old

– Low-fat diet and receiving stable background 

lipid-lowering therapy

– Fasting LDL-C ≥ 130 mg/dL (3.4 mmol/L)

– Fasting triglycerides ≤ 400 mg/dL (4.5 mmol/L)

Evolocumab SC QM

80 weeks 

HAUSER OLE in paediatric patients
Study Design and Treatment Schema

HeFH = heterozygous familial hypercholesterolemia; HoFH = homozygous familial hypercholesterolemia; IP = investigational product; 

LDL-C = low-density lipoprotein cholesterol; QM = once monthly; SC = subcutaneous; SAE = serious adverse event

ClinicalTrials.gov. clinicaltrials.gov/ct2/show/NCT02624869?term=NCT02624869&rank=1. 

Accessed December 14, 2017.

PHASE 3 STUDY DESIGN:

https://clinicaltrials.gov/ct2/show/NCT02624869?term=NCT02624869&rank=1




Effect of statins and PCSK9 inihibitors on the risk 

of CVD for various durations of total treatment 

Ference BA et al Eur Heart J. 2018 Jul 14;39(27):2540-2545





Treatment goals for LDL-C across categories of 

total CVD risk 

European Heart Journal (2019) 00, 1-78





Cumulative Incidence 

of Cardiovascular 

Events

Sabatine MS et al N 

Engl J Med. 2017 

376(18):1713-1722



Treatment algorithm for pharmacological LDL-C lowering 

European Heart 

Journal (2019) 

00, 1-78



European Heart Journal (2019) 00, 1-78





PCSK9 is expressed in human SMCs and in atherosclerotic plaques

46

N. Ferri et al.  Atherosclerosis 220 (2012) 381– 386





Poggio P et al J Am Coll Cardiol. 2018 Dec 18;72(24):3225-3227



Burchardt P,  Cardiology Journal 2016, Vol. 23, No. 6, 604–609 



Cariou B ,  Diabetes & Metabolism Available online 31 August 2017



U  n i  t  à   O  p e  r a  t  i  v  a   d  i   C  a  r d  i  o  l  o  g  i  a
Ospedali  dell’ Ovest  Vicentino

Emory Cardiology BiobankOttawa Heart Genomics Study

2014



Evolocumab produces rapid suppression of 
PCSK9 and LDL-C levels

Stein et al. Drugs of the Future 2013;38:451–459.
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U  n  i  t  à   O  p  e  r  a  t  i  v  a   d  i   C  a  r  d  i  o  l  o  g  i  a
Ospedali  dell’ Ovest  Vicentino

For illustration purposes only
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March 17, 2017, at NEJM.org





Intolleranza alle statine*: 

criteri di eleggibilità

 Impossibilità a tollerare almeno 2 statine di cui una alla dose iniziale (rosuvastatina 5 

mg/die, atorvastatina 10 mg/die, simvastatina 10 mg/die, lovastatina 20 mg/die, 

pravastatina 40 mg/die, fluvastatina 40 mg/die) ed una seconda statina ad una qualsiasi 

dose 

 Associazione con uno o più eventi avversi correlati all'uso di statine confermati e non 

tollerabili oppure associazione con significative alterazioni dei biomarkers (CPK >10 x 

ULN, eseguito in assenza di sforzi muscolari)

 Risoluzione o netto miglioramento della sintomatologia, normalizzazione o netta riduzione 

dei biomarkers alla sospensione/riduzione della dose di statina 

Sintomatologia/innalzamento dei biomarkers non attribuibile ad altre cause (interazioni 

farmacologiche o condizioni cliniche note che possono aumentare il rischio di intolleranza 

alle statine)

 European Atherosclerosis Society, https://www.eas-society.org/?page=sams_consensus

Ai fini dell'eleggibilità è necessario inserire 3 determinazioni, del profilo lipidico a distanza di almeno 3 

mesi l’una dall’altra. Ai fini dell'eleggibilità tutti e tre i valori di colesterolo LDL devono essere al di sopra 

del target specifico

https://www.eas-society.org/?page=sams_consensus


Nissen S et al JAMA Published online April 3, 2016



March 17, 2017, at NEJM.org



Diabetologia. 2019 Jun;62(6):948-958



Lancet Diabetes Endocrinol. 2017 

Dec;5(12):941-950.

https://www.ncbi.nlm.nih.gov/pubmed/28927706


March 17, 2017, at NEJM.org



N Engl J Med 2017;377:633-43.
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Inibitori di PCSK9: Take home message 

• Le evidenze attuali documentano numerosi aspetti condivisi 

dagli inibitori di PCSK9: 

• Meccanismo d’azione 

• il profilo farmacologico

• l’efficacia nelle dislipidemie 

• I benefici clinici inclusa la riduzione della mortalità totale

• tollerabilità e sicurezza



Combined lipid-lowering therapy

Drug class
LDL-C

Decrease (%)

HDL-C

Increase (%)

TG

Decrease (%)

Statin

Ezetimibe

Feno

+++ + ++

++ + +

+ ++ ++++

Non-HDL-C

Decrease (%)

++

+

PCSK9 inhibitor +++++ ++++ +


