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PCSK9, the short track road from  
discovery as drug target towards the clinic

Gilles Lambert, MD – Université de la Réunion,  
Sainte-Clotilde, France

According to Gilles Lambert the discovery of proprotein 
convertase subtilisin/kexin type 9 (PCSK9) as a thera-
peutic target started with the LDL receptor (LDL-R).  
The LDL-R situates on the surface of most cell types,  
but most importantly on liver cells. It is the main receptor 
by which LDL is cleared from the circulation. When LDL 
binds, the complex undergoes endocytosis. Inside the 
cell, the complex separates in the endosome whereup-
on LDL continues to the lysosome for degradation and 
the receptor returns to the cell surface to again extract 
cholesterol from the blood. 

PCSK9 is a natural inhibitor of the LDL-receptor

The LDL-R is targeted by PCSK9 to the lysosome for sub-
sequent degradation. PCSK9 is in an enzyme produced by 
many cell types, but most importantly in the liver. PCSK9 
cleaves its own prodomain, which enables the enzyme  
to migrate outside the cell. There, it naturally binds and 
thereby dose-dependently prevents detachment from  
LDL and recycling back to the cell surface. As LDL is nor-
mally degraded in the lysosome, the LDL-R is now taken 
along for degradation. In other words, PCSK9 is a natural 
inhibitor of the LDL-R. 

The first mutations in patients with familial hypercholeste-
rolaemia (FH) were detected in LDL-R as well as in ApoB. 
Later, also PCSK9 mutations were detected in FH patients 
who did not carry LDL-R or ApoB mutations1. This pointed in 
the direction of a role for PCSK9 in lipid metabolism and ul-
timately led to the discovery that gain-of-function mutations 
in PCSK9 were associated with increased LDL-c levels2.  
On the other hand, loss-of-function mutations have been 

PCSK9 INHIBITION IN CLINICAL LIPID MANAGEMENT:  
A CRITICAL REVIEW OF EVIDENCE AND OPPORTUNITIES

During the ESC Congress 2016, held in Rome, Italy, the Physicians’ Academy for 
Cardiovascular Education (PACE) organised a satellite symposium, in which the role 
of PCSK9 proteins in cardiovascular disease was discussed, as well as the emerging 
development of clinically potent PCSK9 inhibitors. Research into PCSK9 rapidly progressed 
and it took only a couple of years from the discovery of PCSK9’s clinical relevance until the 
evaluation of PCSK9 inhibitors in clinical trials. This symposium covered the developmental 
process culminating in this novel therapeutic strategy. 

TOPICS
PCSK9, the short track road from discovery as drug 
target towards the clinic 
Gilles Lambert

A clinical perspective on PCSK9 inhibition: What do we 
know and what can we expect? 
Paul Ridker

Preparing for a novel era in CV prevention:  
Where do PCSK9 inhibitors fit in lipid management? 
John Kastelein



Meeting Impression
ESC 2016, Rome, Saturday, August 27, 2016

P C S K 9  I N H I B I T I O N  I N  L I P I D  M A N A G E M E N Twww.pace-cme.org
2

detected in 2% of the African-American population and 
were associated with lower LDL-c levels and an 88% reduc-
tion in coronary heart disease (CHD) risk over a period of 15 
years3. This observation was followed by the development 
of PCSK9 inhibitors. 

Two approaches of PCSK9 inhibition have been success-
fully developed; siRNAs that block the PCSK9 synthesis, 
and monoclonal antibodies that prevent PCSK9-binding to 
the LDL-R. PCSK9 antibodies as a monotherapy or on top 
of statins, reduce LDL-c levels by 60% in clinical trials4,5. 
Interestingly, whereas statins have no additional effect on 
lipoprotein a, or Lp(a), levels, PCSK9 inhibitors can reduce 
Lp(a) by 30%. Lambert explained that PCSK9 probably does 
not achieve this through targeting the Lp(a) catabolism, but 
rather enhances Lp(a) hepatic secretion.

A clinical perspective on PCSK9  
inhibition: What do we know and what  
can we expect? 

Paul M Ridker, MD – Brigham and Women’s Hospital,  
Harvard Medical School, Boston, USA

It is all in the last 35 years that we have seen a remarka-
ble advance and understanding of apolipoproteins, the 
mechanisms of heart disease and the rapid development 
of drugs affecting these processes, said Paul Ridker. As of 
the discovery of statins in the prevention of CHD in 1994, 
treatment of cardiovascular (CV) disease and LDL-c reduc-
tion rapidly advanced. Today we have many potential new 
medications beyond statins and the question now is, should 
we use them, in whom and to what purpose.

Statin therapy is the fundamental background therapy for 
hyperlipidaemia but even when LDL-c levels are lowered to 
1.8 mmol/L, still many patients have ‘residual risk’ for coro-
nary disease and need further cholesterol reduction. With 
this in mind, and the knowledge that quite some patients 
are statin intolerant or have a moderate (<80% reduction)  
response6, there is a need for additional cholesterol treat-
ment options, such as PCSK9 inhibitors. 
 
Should we use the new potential medications,  
in whom and to what purpose?

PCSK9 inhibitors have been shown to be effective as  
monotherapy or as add-on to statin therapy, in statin-intol-
erant patients, in heterozygous FH patients with residual 
LDL-R activity and interestingly also in some homozygous 
FH patients with a defective receptor, for whom so far lipo-
protein apheresis was the only suitable therapeutic option. 

It took only 10 years from the discovery of the importance of 
the PCSK9 pathway, to development of drugs and their ap-
proval in the US and Europe in 2014 and 2015 respectively. 
CV outcome studies are, however, still ongoing and Ridker 
emphasises the importance of full completion of the trials 
that are currently running. 

Three major large PCSK9 clinical trials are currently in 
progress and they together comprise over 70.000 patients 
(Fourier, ODYSSEY and SPIRE I and II4). These trials will 
show us how broad the use of PCSK9 inhibitors can be.  
Preliminary data of the ODYSSEY and OSLER trials5 show 
large LDL-c and CV risk reductions. However, we have 
to keep in mind that the total number of events in these 
studies so far is very low and that only half of the patients in 
ODYSSEY and 27% of the OSLER patients are on high-dose 
statins. Furthermore, it is encouraging that no major safety 
concerns have been observed so far. 

Overall, over the last years we see a clear reduction of 
cholesterol levels worldwide among men and women. 
That is good news. This reflects better therapies but also 
improved primary prevention. But according to Ridker, we 
need to think more about the meaning of residual CV risk. 
He proposes to discriminate between ‘residual cholesterol 
risk’, ‘residual inflammation risk’ (those with high hsCRP  
levels) and ‘residual triglyceride risk’, as further LDL-c-low-
ering may not be effective in patients in whom LDL-c levels 
may already have been substantially decreased by prior 
statin therapy. 

Preparing for a novel era in CV prevention: 
Where do PCSK9 inhibitors fit in lipid  
management?

John Kastelein, MD – Academic Medical Center,  
Amsterdam, The Netherlands

Three PCSK9 inhibitors are currently under clinical de-
velopment: evolocumab, alirocumab and bococizumab. 
In all PCSK9 clinical trials, basically three indications are 
currently pursued, which include high CV risk or CV event/
LDL-c levels above 70 or 100 mg/dL, genetic dyslipidae-
miae and statin intolerance. John Kastelein focussed his 
lecture on genetic dyslipidaemia, such as familiar hyper-
cholesterolaemia (FH). FH is very prevalent in Western 
society and is estimated to occur in 1 in 200 people. 

The attention for FH has increased enormously over the 
past years; the number of publications doubled compared 
to 2009. Kastelein highlighted the most recently published 
papers which describe that FH individuals are at greater 
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risk from their LDL-c than other individuals with similar LDL-c 
levels, that also recurrent event risk is much higher in FH 
patients, that FH is hardly diagnosed in Norway before the 
first coronary event at age 44, that only 75% of patients are 
on high-dose statins and seldom reach the LDL-c guideline 
target and at last, that the mean average of death for FH 
patients is now 60 years, predominantly as a result of a CV 
event (all discussed in7). 

“Current management of HeFH is too little and too late 
(….) but the future looks a lot brighter”

When combining all clinical trials with alirocumab, bococi-
zumab and evolocumab, we now have safety and efficacy 
data for 1634 FH patients. Although outcome data of bo-
cocizumab have not been published yet, some data of the 
alirocumab and evolocumab trials have been published. For 
example, the RUTHERFORD-2 placebo-controlled phase 
3 study in which the efficacy and safety of evolocumab 
was evaluated during a 12-week period in a large cohort of 
heterozygous FH (heFH) patients8. In this trial, 111 patients 
received evolocumab 140 mg every 2 weeks, 110 patients 
received 420 mg every month, 110 patients received either 
placebo every 2 weeks or once a month (1:1). In both treat-
ment arms, around 60% difference in LDL-c reduction from 
baseline was noticed, compared to placebo. As a result, 
around 70% of patients reached the LDL-c goal of <70 mg/
dL, which was, according to Kastelein, probably only around 
20% for high-dose statins plus ezetimibe. Encouraging 
numbers achieved with evolocumab, have never been seen 
before with any other drug in heFH patients.

In the other PCSK9 trial, the ODYSSEY programme, the 
efficacy and safety of alirocumab (75/150 mg every 2 
weeks) was evaluated in even a larger number of heFH 
patients9. In this programme, four studies were included: 
FHI, FHII, LONG TERM and HIGH FH, all with a duration 
of 78 weeks. All studies showed similar results; like the 
evolocumab trial, patients received an LDL-c reduction of 
around 60% from baseline, which already occurred after 
4 weeks (first measured time point). This corresponded to 
an LDL-c goal achievement of 65-75% of patients. 

Exploring the achievement of LDL-c goals over the last 
decades retrospectively, one can appreciate that this 
tremendously improved over the last 30 years; 30 years 
ago the average LDL-c levels were around 350 mg/dL. Still, 
progress is too little and too late. However, now, the future 
looks a lot brighter; both evolocumab and alirocumab, on 
top of statins/ezetimibe, offer a level of goal achievement 
that was thus far impossible. 
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