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There is a clear demonstration of the inverse linear correlation between LDL cholesterol 
levels and clinical benefit. However, the timing of the action of lipid-lowering drugs is not 
clear. According to animal studies with recombinant lipoprotein A-1, the composition of 
atherosclerosis changes within 40 h (with variations in lipid and inflammatory contents). 
Progression–regression studies of atherosclerosis in humans confirm the data, highlighting 
a rapid change in the plaque over 5 weeks. The data are also in line with what emerges 
from the survival curves of the old study comparing atorvastatin 80 mg vs. placebo 
(Myocardial Ischaemia Reduction with Aggressive Cholesterol Lowering). The spacing of 
the curves occurs after only 4 weeks, indicating the precociousness of the favourable 
effects of powerful statins. Finally, a recent Odyssey post hoc analysis compared the 
risk of cardiac death and coronary revascularization between a group in which 
alirocumab lowered LDL cholesterol to below 15 mg (Group 1 and in which the drug 
was therefore stopped) against the subjects in the placebo group (Group 2), applying a 
propensity score matching. The primary endpoint occurred in a lower percentage of 
patients in Group 1 (6.4 vs. 8.4%). Furthermore, patients in Group 1 had a significantly 
lower hazard ratio (HR) for major adverse cardiovascular events [0.72; 95% confidence 
interval (CI) 0.51–0.997; P = 0.047] compared with the entire alirocumab group vs. 
placebo (HR 0.85; 95% CI 0.78–0.93; P < 0.001). According to these preliminary 
observations, aggressive and early treatment of hypercholesterolaemia in subjects 
with acute coronary syndrome translates into improved clinical results compared with 
a strategy that provides for more gradual control. These data will need to be 
confirmed through further prospective clinical studies and ideally with early conducted 
atherosclerosis regression studies.
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Introduction

There is a clear demonstration of the inverse linear 
correlation between LDL cholesterol levels and clinical 
benefit.1,2 The Fourier (Further Cardiovascular Outcomes 
Research with PCSK9 Inhibition in Subjects with Elevated 
Risk) and Odyssey (Evaluation of Cardiovascular Outcomes 
After an Acute Coronary Syndrome During Treatment 
With Alirocumab) studies3,4 have shown that the use of 

proprotein convertase subtilisin–kexin type 9 (PCSK9) 
inhibitors in subjects at high cardiovascular risk allows 
LDL cholesterol levels to reach below 40 mg/dL and 
significantly reduces cardiovascular events. The threshold 
value of LDL cholesterol in secondary prevention has 
therefore been lowered over the years, which the 
guidelines now establish at 55 mg/dL.5

However, the timing of the action of lipid-lowering drugs 
is not clear. A study recently published by Schwartz et al.6

as a post hoc analysis of the Odyssey study has shown that 
dropping LDL cholesterol to very low values immediately 
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(first weeks after starting therapy) is able to improve 
further the prognosis in subjects with recent acute 
coronary syndrome (ACS).

Effect of lipid-lowering drugs on 
atherosclerosis

The effects of lowering cholesterol on atherosclerosis are 
known.7 The extensive work performed with intracoronary 
imaging modalities contributed to broaden our knowledge 
in the field.8–14 Regression studies conducted with the 
intravascular ultrasound (IVUS) technique have 
demonstrated how it is possible to reduce the volume of 
atherosclerotic plaque.8 More recently, randomized trials 
on the use of PCSK9 inhibitors11,12 and conducted with 
optical coherence tomography (OCT) and near-infrared 
spectroscopy-IVUS techniques12 have provided further 
explanations, highlighting the reduction of the lipid 
component, the thickening of the fibrous capsule, and 
finally the reduction of local inflammation following the 
marked lowering of LDL cholesterol.

However, the question remains: how long it takes for these 
drugs to have a stabilizing effect on atherosclerosis? Is it a 
phenomenon that is measured in months or are the 
changes in cholesterol levels such as to suggest a change in 
the plaque from the first weeks? The effects of lowering 
cholesterol on atherosclerosis are known.6 The extensive 
work performed with intracoronary imaging modalities 
contributed to broaden our knowledge in the field.7–11

Early stabilization of atherosclerosis: animal 
studies

Animal studies conducted 20 years ago have shown that the 
use of lipid-lowering drugs such as lipoprotein A-1 is able to 
very quickly mobilize tissue cholesterol and reduce the 
inflammatory cell content of atherosclerotic plaques.13

Recombinant lipoprotein apo A-1 acts as an acceptor of 
the phospholipid component of HDL and can therefore 
mobilize cholesterol from atherosclerotic plaque. Shah 
et al.13 studied 34 mice maintained on a high-cholesterol 
diet: 16 received an intravenous injection of placebo, 
while another 18 received 400 mg per kilo of recombinant 
lipoprotein A-1. Blood samples were taken 1 and 48 h 
after administration of the drug or placebo. At 48 h, the 
mice were sacrificed to evaluate the lipid content of the 
aortic root as well as the macrophage content.

Free cholesterol, an index of tissue cholesterol 
mobilization, increased 1.6-fold 1 h after injection of 
recombinant lipoprotein A-1 and remained stably elevated 
at 48 h (P < 0.01). The mice treated with placebo had a 
lipid content (expressed as a percentage of atherosclerotic 
plaque) of 19.6 ± 6.3%, while in the subgroup with 
recombinant lipoprotein A-1, the lipid content was 10.1 ±  
4.2%. The percentage of atherosclerotic plaque was 
therefore 50% lower in the treatment group (P < 0.01). The 
macrophage content at 48 h was 10.4 ± 3.4% in the placebo 
group vs. 6.4 ± 2.0% in the treatment group (36% 
reduction, P < 0.05).

Early stabilization of atherosclerosis: human 
studies

This observation in animals was confirmed a few years later 
by Nissen et al.14 The authors carried out a progression– 

regression study of atherosclerosis on 123 patients, 
comparing the action of lipoprotein A-1 Milano vs. placebo 
in patients with ACS. As an element of originality of the 
study, the IVUS was repeated just 5 weeks after the start 
of the treatment. Surprisingly, lipoprotein A-1 Milano was 
able to reduce the volume of the atherosclerotic plaque by 
15% in such a short time compared with 1% in the 
comparison group. At the time, the study raised a certain 
level of enthusiasm because the carriers of the genetic 
variant responsible for the lipoprotein A-1 Milano (Limone 
del Garda) were protected from atherosclerosis. However, 
in the following years, drugs capable of increasing HDL 
cholesterolaemia and therefore promoting the transport of 
cholesterol from atherosclerotic plaques to the blood did 
not prove clinically useful.

In my opinion, the study remains an important 
contribution; in fact, it shows what the dynamics 
of formation and reduction of the components of 
atherosclerosis could be. The apparently surprising data of 
the regression of atherosclerotic plaque in a few weeks 
are, moreover, in line with those of old clinical studies on 
the use of statins in subjects with ischaemic heart disease.15

Rationale for cholesterol reduction in the 
early stages of acute coronary syndrome

How long does it take for a lipid-lowering drug to produce 
clinical benefit?

The Myocardial Ischaemia Reduction with Aggressive 
Cholesterol Lowering study15 conceived in the 1990s 
involved a comparison between atorvastatin 80 mg and 
placebo in subjects with ACS. Treatment with atorvastatin 
had to start within a week of the myocardial infarction 
event, and the main endpoint involved a very short 
follow-up (FU) of just 4 months. The combined incidence 
of death and non-fatal infarction, resuscitated cardiac 
arrest, and readmission for recurrent myocardial ischaemia 
was significantly lower in patients treated with atorvastatin.

It is important to note that the clinical benefit was 
obtained by lowering the cholesterol levels to 62 mg/dL, a 
very low value for the time of the study but much higher 
than what could be achieved with PCSK9 inhibitors.11,12

Furthermore, the separation of the survival curves 
occurred after only 4 weeks, indicating the precociousness 
of the favourable effects of the administration of a potent 
statin. The data are certainly in line with those in the 
literature on regression studies in animals and humans.13,14

Clinical efficacy of early and transient 
reduction of LDL cholesterol

A recent study on the clinical efficacy of early and 
transient reduction of LDL cholesterol in ACS fits into 
this line of thought.6 The authors evaluated the results 
of the Odyssey trial conducted on 18 924 patients with 
recent ACS in a post hoc study. The study design allowed 
the identification of two subgroups.

The authors compared the risk of cardiac death and 
coronary revascularization between Group 1 (760 subjects 
with 2 consecutive LDL cholesterol levels below 15 mg/dL 
and subsequent treatment with placebo instead of 
alirocumab, as foreseen by the study design) and Group 2 
(1460 subjects from the placebo group, applying a 
propensity score matching with a ratio of 1:2). The 
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matching was based on the following parameters: age, 
sex, geographical region, history of diabetes, smoking, 
previous bypass, previous percutaneous transluminal 
coronary angioplasty, peripheral vascular disease, 
cerebrovascular disease, heart failure, chronic lung 
disease, neoplasms, revascularization during ACS, 
intensity of statin therapy, systolic blood pressure, 
glomerular filtration rate, and baseline LDL cholesterol 
concentrations.

The median LDL cholesterol value at FU was 49.1 mg/dL 
(37.1, −61.1) in Group 1 vs. 79.2 mg/dL (66.1, 93.2) in the 
placebo group. At a median FU of 2.8 years, major adverse 
cardiovascular events (MACEs) occurred in 47 subjects 
(6.4%) of Group 1 vs. 122 patients (8.4%) of the placebo 
group [treatment hazard ratio (HR) 0.72; 95% confidence 
interval (CI) 0.51–0.997; P = 0.047].

As might be expected, patients in the alirocumab group 
who achieved consecutive baseline LDL cholesterol values 
below 15 mg/dL had lower baseline LDL cholesterol values 
than patients in the entire study cohort. Furthermore, 
patients who had an LDL cholesterol level below 15 mg/dL 
were more often male, had diabetes, received high- 
intensity statins, and had better adherence to therapy.

The primary endpoint occurred in 6.4% of patients in 
Group 1 (with LDL cholesterol <15 mg/dL and subsequently 
placebo instead of alirocumab). The difference was 
statistically significant compared with the placebo group, 
which had an event rate of 8.4% (P < 0.01). Furthermore, 
patients in Group 1 (with two consecutive LDL cholesterol 
levels <15 mg/dL and suspension of alirocumab) presented 
a significantly lower HR for MACEs [0.72; 95% CI 0.51–0.997; 
P = 0.047] compared with the entire alirocumab group vs. 
placebo (HR 0.85; 95% CI 0.78–0.93; P < 0.001).

Final considerations

According to these preliminary observations, aggressive 
and early treatment of hypercholesterolaemia in subjects 
with ACS translates into improved clinical results compared 
with a strategy that provides for more gradual control.

It cannot be ruled out that, reasoning in terms 
of stabilization of atherosclerosis, the reduction of 
cholesterol to very low levels is able to modify the 
plaques significantly from the first weeks, modifying those 
characteristics related to vulnerability.16 We have seen 
from regression studies such as Hugyne11 and PACMAN- 
AMI (Effect of Alirocumab Added to High-Intensity Statin 
Therapy on Coronary Atherosclerosis in Patients With 
Acute Myocardial Infarction)12 that PCSK9 inhibitors thicken 
the fibrous capsule and reduce the lipid component of 
atherosclerosis in an observation period of 9 and 12 
months, respectively. We do not have regression studies 
with OCT conducted at 1 month, but it is not unlikely that 
what has been observed in the past, using molecules such 
as apolipoprotein A-1 Milano, can be replicated with PCSK9 
inhibitors when cholesterol levels drop below 15 mg/dL, as 
demonstrated by the post hoc analysis of the Odyssey 
study. It is also possible that the effectiveness of the drugs 
is also expressed through a marked and early reduction of 
the inflammatory component, which we know is much more 
evident in subjects with ACS.

These preliminary observations, and in particular, 
the thesis that sees in ACS a great benefit from the 
early and transient reduction of LDL cholesterol are of 
great interest. They must be confirmed through further 

prospective clinical studies and ideally with early 
conducted atherosclerosis regression studies.
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