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Summary
Objectives: To put data from our recent systematic review of phase 3 studies of anti-
proprotein convertase subtilisin/kexin type 9 (PCSK9) antibodies into the context of 
clinical practice.
Methods: Data from studies previously identified by a systematic review of phase 3 
studies of alirocumab and evolocumab and additional references from non-systematic 
literature searches were used. We evaluated the hypothetical cardiovascular (CV) ben-
efit in cases of typical patients in whom anti-PCSK9 antibodies may be recommended, 
using preliminary major CV event (CVE) rates from long-term clinical trials of anti-
PCSK9 antibodies and from extrapolations derived from correlation between low-
density lipoprotein cholesterol (LDL-C) reduction and CV benefit with other 
lipid-lowering therapies (LLTs).
Results: Rapid (within 1-2 weeks) and persistent (8-74 weeks) reductions in LDL-C 
levels were achieved with anti-PCSK9 antibodies. When combined with statins (± 
ezetimibe), high rates of LDL-C goal achievement were observed (41%-87% with ali-
rocumab and 63%-100% with evolocumab). In long-term alirocumab and evolocumab 
studies, reductions in major CVEs of 48% and 53%, respectively, were observed. For 
every 38.7 mg/dL (1 mmol/L) reduction in LDL-C, a 22% reduction in relative CVE risk 
is predicted. Applying these assumptions to typical patients who have high–very high 
risk (15%-60% absolute 10-year CVE risk) and elevated LDL-C despite maximally tol-
erated statins, the 10-year number needed to treat with an anti-PCSK9 antibody to 
prevent one additional CVE varies from 4 to 26, depending on baseline LDL-C levels 
and residual absolute CVE risk.
Conclusions: Anti-PCSK9 antibodies effectively lower LDL-C levels in a broad patient 
population. While awaiting comprehensive data from CV outcome trials, these agents 
should be considered in very high risk patients, such as those in secondary prevention 
and those with familial hypercholesterolaemia who are already receiving maximally 
tolerated LLTs, have not achieved their LDL-C goal and require substantial reductions 
in LDL-C.
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1  | INTRODUCTION

Cardiovascular (CV) disease (CVD) is a major cause of death worldwide; 
in 2012, 17.5 million people died as a result of CVD.1,2 While increas-
ing age, male gender and unfavourable genes are non-modifiable risk 
factors for cardiovascular events (CVEs),3 hypercholesterolaemia is a 
major modifiable risk factor4 that can be corrected by reducing low-
density lipoprotein cholesterol (LDL-C) levels. It has been shown that 
decreasing LDL-C levels is an effective way to lower CV risk.5,6

The Sixth Joint Task Force of the European Society of Cardiology 
proposes LDL-C goals that are dependent on overall CVE risk; for 
patients with very high, high and moderate CVE risk, LDL-C goals of 
<70 mg/dL (<1.8 mmol/L), <100 mg/dL (<2.6 mmol/L) and <115 mg/
dL (<3.0 mmol/L), respectively, are recommended.3 Reductions in 
LDL-C of at least 50% should be achieved in patients at very high and 
high CV risk when baseline LDL-C values in drug-naïve patients are 
between 70 and 135 mg/dL (1.8-3.5 mmol/L) and 100 and 200 mg/
dL (2.6-5.1 mmol/L), respectively.3 In order to achieve these goals, 
European guidelines for the management of hypercholesterolaemia 
recommend lifestyle changes such as dietary modifications and weight 
loss as initial measures.3,7 Even after dietary adjustments, however, 
LDL-C goals are often not attained.8,9 For patients who have continu-
ally elevated LDL-C levels, statins are recommended as a first-line ther-
apeutic intervention, and as a second line, the cholesterol absorption 
inhibitor ezetimibe and bile sequestrants can be added to statins.3,7 
However, these therapies may not be sufficient in all patients. In a 
study in 2012, almost half of patients with hypercholesterolaemia in 
Europe and Canada did not achieve their LDL-C goals, despite receiv-
ing statins.10 This may be due to the fact that some patients are statin-
intolerant and stop taking their medication. Additionally, some patients 
may have very high baseline LDL-C concentrations and the maximum 
tolerated statin dose is insufficient to reduce LDL-C to goal levels; 
therefore, alternative lipid-lowering therapies (LLTs) may be needed 
in certain individuals. Long-term persistence with statins is important 
for efficacy11; however, 50% or more of patients discontinue statin 
treatment within 1 year of initiation.12

A new target for LDL-C lowering is the enzyme proprotein conver-
tase subtilisin/kexin type 9 (PCSK9). PCSK9 binds to the receptor for 
LDL (unbound or bound with LDL-C) in the liver, and this complex is 
endocytosed and targeted to the lysosome, rather than recycled back 
to the cell surface. This reduces the number of available LDL receptors 
and increases circulating LDL-C levels13 (Figure 1). Monoclonal antibod-
ies to PCSK9 can inhibit this interaction by binding to circulating PCSK9, 
meaning that LDL receptors are not degraded and are therefore available 
to bind LDL particles and promote their removal from the circulation.13 
In 2015, the first anti-PCSK9 antibodies, alirocumab and evolocumab, 
were approved for use in Europe and the USA.14-17 This review discusses 
the implications of using these new agents in clinical practice by using 
data on their efficacy and safety as reported in studies previously iden-
tified by our systematic review of phase 3 studies of anti-PCSK9 anti-
bodies in patients with hypercholesterolaemia.18 To put the efficacy data 
from phase 3 clinical studies into the context of clinical practice, hypo-
thetical case studies are discussed, together with safety data from LLTs.

2  | METHODS

The previous systematic review identified 12 phase 3 studies of 
alirocumab and 9 phase 3 studies of evolocumab, together includ-
ing more than 10 000 patients with elevated cholesterol levels (and 
hence, increased CV risk).18 Additional references were identified 
from non-systematic literature searches. No head-to-head trials have 
compared the efficacy and safety of alirocumab and evolocumab. 
Therefore, the current review used data from the identified studies 
to analyse reductions in LDL-C, rates of LDL-C goal achievement and 
rates of adverse events (AEs). As a measure of the efficacy of these 
agents in clinical practice, we calculated the number needed to treat 
(NNT), using the following formula19:

where n=LDL-C reduction in mmol/L and X represents the hazard ratio 
of CVE risk for each 1 mmol/L reduction in LDL-C.5

Number needed to treat values were rounded up to the near-
est whole figure to avoid overestimating effectiveness.20 In a large 
meta-analysis of data from clinical trials of statins (with a follow-up of 
5 years), the Cholesterol Treatment Trialists’ (CTT) collaboration esti-
mated that X, the hazard ratio of CVE risk for each 1 mmol/L reduction 
in LDL-C, to be 0.78.5 Data from the IMPROVE-IT trial21 also showed 
that the LDL-C reduction associated with the addition of ezetimibe to 
statins followed the same correlation. In both treated and untreated 
non-elderly individuals, the incidences of CVEs and CVE-related mor-
tality are linear over time, as demonstrated in the 20-year follow-up 

NNT for10 years to prevent one CVE=

100∕([1−X
n]×10- year CVE risk in %)

Review criteria
Most of the studies included in this review were identified 
by a systematic literature review of phase three clinical trials 
of anti-proprotein convertase subtilisin/kexin type 9 
(PCSK9) antibodies. Additional references were included 
from non-systematic literature searches. Hypothetical case 
studies were used to put the low-density lipoprotein choles-
terol (LDL-C) reductions achieved in clinical trials into the 
context of clinical practice.

Message for the clinic
Anti-PCSK9 antibodies effectively reduce LDL-C levels and 
are well tolerated in a broad range of patient populations, 
either as a monotherapy or in combination with other lipid-
lowering therapies. Strong, preliminary evidence suggests 
that anti-PCSK9 antibodies reduce cardiovascular (CV) mor-
bidity by approximately 50%. While awaiting comprehen-
sive data from CV outcome trials, these agents may be 
suitable for patients in secondary prevention with very high 
CV risk and high LDL-C.
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of the West of Scotland Coronary Prevention Study (WOSCOP)22 and 
in the Scandinavian simvastatin survival study (4S; up to 8 years fol-
low-up).23 It is therefore currently accepted to use the same reduction 
in relative risk to calculate NNTs over different time periods19,24,25; a 
follow-up period of 10 years was used in the our paper. When con-
sidering the NNT estimates in our paper, it is important to note that 
the populations included in the CTT analysis differ slightly from those 
enrolled in the anti-PCSK9 trials. Moreover, the recently published 
FOURIER study provides evidence for a delay in the onset of risk 
reduction with evolocumab.26 Hence, the NNT estimations presented 
here may be overestimated.

3  | RESULTS

3.1 | LDL-C reductions with alirocumab and 
evolocumab in different patient populations

Among patients with hypercholesterolaemia or mixed dyslipidae-
mia, rapid (within 1-2 weeks) and persistent (20-74 weeks with ali-
rocumab27-35 and 8-38 weeks with evolocumab36-42) reductions 
in LDL-C and total cholesterol, compared with the control arms of 
clinical trials, were achieved with alirocumab and evolocumab.18 The 
LDL-C reductions in patients with hypercholesterolaemia or mixed 
dyslipidaemia with alirocumab or evolocumab monotherapy were 

45.0%-47.2% and 56.1%-57.0%, respectively.18 In most studies, 
anti-PCSK9 antibodies were used in combination with other LLTs 
(statins and/or ezetimibe). LDL-C reductions of 45.7%-57.9% were 
observed with alirocumab, and 59.2%-76.3% with evolocumab in 
patients with hypercholesterolaemia.18 For patients with heterozy-
gous familial hypercholesterolaemia (HeFH), LDL-C reductions ranged 
from 45.7% to 57.9% with alirocumab, and from 55.7% to 61.3% with 
evolocumab.18 Evolocumab has been investigated in patients with 
homozygous familial hypercholesterolaemia (HoFH), but alirocumab 
has not. HoFH is a rare but serious genetic disorder, and in these 
patients baseline LDL-C levels can be very high (greater than 500 mg/
dL [12 mmol/L]); therefore, management of LDL-C is extremely chal-
lenging. Mean reductions in LDL-C with evolocumab in patients with 
HoFH ranged from 18.6% to 23.4%, which is less than in HeFH.39,43 
Anti-PCSK9 antibodies are also effective in LDL-C lowering in patients 
with type 2 diabetes mellitus: pooled analyses of clinical trials of ali-
rocumab or evolocumab in these patients revealed mean LDL-C reduc-
tions of 58.3% and 60% compared with placebo, respectively.44,45

For patients with high and very high CV risk (excluding those 
with HoFH), alirocumab and evolocumab treatment resulted in mean 
LDL-C reductions of 44.1%-61.0% and 55.7%-75.9%, respectively.18 
In patients with moderate to very high CV risk receiving alirocumab, 
LDL-C reductions of 47.2%-58.7% were observed.18 For those with 
low to high CV risk, evolocumab treatment reduced mean LDL-C levels 

F IGURE  1 A, The role of PCSK9 in LDL receptor degradation and B, the mechanism of action of an anti-PCSK9 antibody. PCSK9 binds 
to the receptor for LDL, and this complex is endocytosed and degraded intracellularly, thus reducing the number of available LDL receptors. 
Monoclonal antibodies targeted at PCSK9 can inhibit this interaction, by binding to circulating PCSK9 and thus facilitating the recycling of LDL 
receptors back to the cell surface. Therefore, the LDL-receptors are made available to recognise and bind ApoB, a protein embedded in the 
phospholipid bilayer of LDL,13 the ApoB–LDL–LDL receptor complex is internalised and targeted for intracellular degradation, and thus LDL is 
removed from the circulation. ApoB, apoprotein B100; LDL, low-density lipoprotein; LDLR, low-density lipoprotein receptor; mAb, monoclonal 
antibody; PCSK9, proprotein convertase subtilisin/kexin type 9

(A) LDLR degradation (B) LDLR recycling

LDLR mAbLDLApoB PCSK9
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by 53.3%-64.0%.18 Anti-PCSK9 antibodies can also induce substan-
tial reductions in LDL-C in patients who are statin-intolerant: mean 
reductions of 45.0% and 55.3%-56.1% were observed in studies of 
alirocumab and evolocumab, respectively.32,42

These data illustrate consistently large reductions in LDL-C levels 
with anti-PCSK9 antibodies across patient groups, regardless of base-
line LDL-C levels and background LLT. In addition, a meta-analysis of 
25 randomised controlled trials of anti-PCKS9 antibodies reported 
slightly better efficacy in terms of LDL-C lowering with evolocumab 
than with alirocumab.46 While the favourable effects of evolocumab 
and alirocumab were observed largely in patients receiving background 
statin treatment, such effects were also seen in patients not receiving 
additional LLTs.46 Therefore, background statin use appears to contrib-
ute to LDL-C lowering to a minor degree only, with consistent LDL-C 
reductions observed across groups, regardless of background LLT.18

Substantial, but transient, LDL-C reductions can be achieved using 
lipoprotein apheresis in patients with HoFH,47 and there are data from 
patients with HeFH that show that switching from apheresis to evolo-
cumab is effective in maintaining the LDL-C-lowering effect of aphere-
sis.48 A small population of LLT-intolerant patients with elevated LDL-C 
levels may be eligible for apheresis. This procedure is widely used 
in Germany, but less so in other European countries and the USA.49 
Anti-PCSK9 antibodies could replace apheresis in some patients: 
48-week treatment with evolocumab (420 mg every 2 weeks) in 34 
patients with HoFH resulted in 21% reduction in mean LDL-C and 
15% of patients stopping or reducing the frequency of apheresis.50 A 
phase 3 randomised study in 62 patients with HeFH undergoing reg-
ular apheresis therapy found that alirocumab (150 mg every 2 weeks) 
reduced the need for apheresis by 75% from week 7 to 18; apheresis 
was stopped in 63.4% of patients.51 At week 18, mean LDL-C reduc-
tions from baseline were 42.5% in the alirocumab group vs 1.6% in the 
placebo group.51 How these data will translate into clinical practice 
is under debate; less than half of patients had not exhausted all sta-
tin options before enrolling in the study and apheresis was stopped 
once patients’ LDL-C levels were at least 30% lower than at pre-
apheresis baseline, which may not be sufficient to achieve LDL-C goal 
among patients very high LDL-C levels at baseline.52 Notwithstanding, 
German reimbursement rules currently in place require initiation of 
anti-PCSK9 antibodies before approval of apheresis treatment. This 
is legitimate since PCSK9 inhibition may result in improved quality of 
life at significantly lower costs compared with apheresis.48 A phase 
3 randomised study assessing evolocumab compared with apheresis 
in patients with hypercholesterolaemia who were already receiving 
LDL-C apheresis is ongoing (NCT02585895).

3.2 | LDL-C goal achievement with alirocumab and 
evolocumab in different patient populations

In the included studies, goal achievement was measured according 
to the 2011 European Atherosclerosis Society/European Society of 
Cardiology guidelines (<70 mg/dL [1.8 mmol/L] for patients at very 
high CV risk or <100 mg/dL [2.6 mmol/L] for patients at high CV 
risk).18,53 High rates of LDL-C goal achievement were observed when 

an anti-PCSK9 antibody was combined with a statin: 41.0%-87.2% 
with alirocumab plus statin and 63.0%-100% with evolocumab plus 
statin.18 Goal achievement with monotherapy was also high: 42.0%-
65.0% with alirocumab and 69.0%-84.0% with evolocumab.18 Overall, 
there was an apparent inverse relationship between baseline LDL-C 
level and the proportion of patients achieving their LDL-C goals.18 
In most studies, LDL-C goals were achieved by a large proportion of 
patients, regardless of the presence of comorbidities, type 2 diabetes 
mellitus, HeFH and CVD; and irrespective of baseline characteristics 
such as age, gender and use (and dose) of statin or other LLT.18

Table 1 provides an overview of the proportion of patients achiev-
ing LDL-C goals according to baseline characteristics. For patients with 
HeFH, 72.2%-81.4% of patients achieved their goals with alirocumab, 
and 63.0%-68.0% with evolocumab.18 In another study of patients with 
HeFH and high CV risk, 41.0% of patients achieved their LDL-C goal.54 
In studies of patients with HoFH the proportions of patients achieving 
their LDL-C goals were not reported. A meta-analysis of patient data 
from individuals with type 2 diabetes mellitus receiving evolocumab 
found that goal achievement was 87.0%-88.0%.45 Goal achievement 
was not reported for similar alirocumab studies. The high proportion of 
patients with type 2 diabetes mellitus achieving their LDL-C goals may 
relate to the fact that baseline LDL-C levels in these patients is slightly 
lower than in those without type 2 diabetes mellitus.

For patients with high LDL-C at baseline (≥3.5 mmol/L [≥135 mg/
dL]; excluding those with FH), goal achievement was reported in 
64.0%-87.2% of patients receiving alirocumab.18 In the YUKAWA-1 
study, 96%-100% of patients with high LDL-C at baseline achieved 
their LDL-C goals with evolocumab.18,37 Almost half (42.0%-45.5%) of 
statin-intolerant patients achieved their LDL-C goals with alirocumab 
or evolocumab.18

3.3 | Safety data for anti-PCSK9 antibodies and 
other LLTs

Musculoskeletal events feature strongly in the adverse event (AE) pro-
files of LLTs. Rhabdomyolysis and myopathy have emerged, through 
decades of clinical experience, as the main AEs associated with statin 
treatment. These AEs are rare at the approved dose range, but increas-
ing doses, interactions with other medications and genetic predispo-
sition can increase the risk of a patient experiencing these events.55 
Although the incidence of rhabdomyolysis in patients taking statin 
monotherapy is low (approximately 34 hospitalised cases per million 
person-years), it is potentially fatal.55 Myalgias have been reported in 
up to 10% of patients receiving statins in clinical practice55,56 and higher 
rates up to 18% were seen with high-intensity statins.56 In terms of 
musculoskeletal events, as with the safety profile of statins in general, 
the risk of AEs is impacted minimally by the addition of ezetimibe.57

Musculoskeletal events such as back pain or arthralgia are also 
among the most common AEs reported across clinical studies of anti-
PCSK9 antibodies. Data from two large pooled analyses, one of phase 
3 alirocumab trials and another of phase 2 and 3 open-label exten-
sion studies of evolocumab, showed that the incidence of back pain 
was 5.3% and 4.2%, respectively (placebo or standard of care: 6.0% 
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TABLE  1 LDL-C goal achievement (according to the 2011 EAS/ESC guidelines53) with alirocumab and evolocumab, by patient population

Study

Proportion of patients achieving LDL-C goal at 
primary end-point according to the EAS/ESC 
guidelines (<70 mg/dL/<1.8 mmol/L [patients at very 
high CV risk] or <100 mg/dL/<2.6 mmol/L [patients 
at high CV risk])18,53 Study 

duration 
(weeks) Concomitant therapy (all treatment arms)Anti-PCSK9 antibody group Comparator group

Heterozygous FH

ODYSSEY FH I30 Alirocumab 75 mg Q2W: 
72.2%

Placebo: 2.4% 78 82.7%-85.3% received high-intensity statin 
therapy (atorvastatin 40-80 mg QD, rosuvastatin 
20-40 mg QD or simvastatin 80 mg QD)
56.0%-59.5% received ezetimibe

ODYSSEY FH II 30 Alirocumab 75 mg Q2W: 
81.4%

Placebo: 11.3% 78 86.8%-91.5% received high-intensity statin 
therapy (atorvastatin 40-80 mg QD, rosuvastatin 
20-40 mg QD or simvastatin 80 mg QD)
64.6%-67.1% received ezetimibe

ODYSSEY HIGH 
FH54,a

Alirocumab 150 mg Q2W: 
41.0%

Placebo: 5.7% 24 100% received maximally tolerated statin ± other 
LLT

RUTHERFORD-240 Evolocumab 140 mg Q2W: 
68.0%
Evolocumab 420 mg QM: 
63.0%

Placebo: 2% 12 100% received statins: 87% received high-intensity 
statin (simvastatin 80 mg QD, atorvastatin 
≥40 mg QD, rosuvastatin ≥20 mg QD or any dose 
of statin together with ezetimibe)
62% received ezetimibe

Type 2 diabetes mellitus

Pooled meta-
analysis of four 
studies45,79

Evolocumab 140 mg Q2W: 
88.0% 
Evolocumab 420 mg Q4W: 
87.0%

Ezetimibe 10 mg + 
placebo Q2W: 
36.0%
Ezetimibe 10 mg + 
placebo QM: 
29.0%
Placebo Q2W: 
23.0%
Placebo QM: 
16.0%

12 MENDEL-238: no background therapy
LAPLACE-280: 29% received high-intensity statin 
therapy (atorvastatin >40 mg QD or rosuvastatin 
>20 mg QD, simvastatin 80 mg or any statin plus 
ezetimibe), 41% received non-intensive statin 
therapy, 30% received no statin therapy
RUTHERFORD-240: 87% received high-intensity 
statin therapy (simvastatin 80 mg QD, atorvasta-
tin ≥40 mg QD, rosuvastatin ≥20 mg QD or any 
dose of statin together with ezetimibe 10 mg 
QD), 62% received ezetimibe 10 mg QD
GAUSS-242: 33% received LLT, 18% received 
low-dose statin therapy

Low-to-high CV risk

DESCARTES36,b Evolocumab 420 mg Q4W + 
diet + background LLT: 83.6%
Evolocumab 420 mg Q4W + 
diet + atorvastatin 10 mg QD: 
90.1%
Evolocumab 420 mg Q4W + 
diet + atorvastatin 80 mg QD: 
80.8%
Evolocumab 420 mg Q4W + 
diet + atorvastatin 80 mg QD 
+ ezetimibe 10 mg QD: 67.0%
Overall: 82.3%
Goal defined as LDL-C <70 mg/

dL (<1.8 mmol/L) for all 
patients

Placebo Q4W+ 
diet + background 
LLT: 3.2%
Placebo Q4W + 
diet + atorvasta-
tin 10 mg QD: 
5.3%
Placebo Q4W + 
diet + atorvasta-
tin 80 mg QD: 
6.1%
Placebo Q4W + 
diet + atorvasta-
tin 80 mg QD + 
ezetimibe 10 mg: 
11.1%
Overall: 6.4%

52 None

(Continues)
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Study

Proportion of patients achieving LDL-C goal at 
primary end-point according to the EAS/ESC 
guidelines (<70 mg/dL/<1.8 mmol/L [patients at very 
high CV risk] or <100 mg/dL/<2.6 mmol/L [patients 
at high CV risk])18,53 Study 

duration 
(weeks) Concomitant therapy (all treatment arms)Anti-PCSK9 antibody group Comparator group

Moderate-to-very high CV risk

ODYSSEY 
MONO34,c

Alirocumab 75 mg Q2W (up 
titrated to 150 mg Q2W): 
65.0%

Ezetimibe: 10 mg 
QD: 2%-3%

24 None

ODYSSEY CHOICE 
I35,d

Alirocumab 300 mg Q4W: 
78.9%
Alirocumab 300 mg Q4W + 
statin: 85.2%
Alirocumab 75 mg Q2W: 
84.9%
Alirocumab 75 mg Q2W + 
statin: 82.5%

Placebo: 9.4%
Placebo + statin: 
22.2%

24 No statin group: 0–1.4% received atorvastatin, 
rosuvastatin or simvastatin; 32.4%-45.2% 
received other LLT
Statin group: 99.4%-100% received atorvastatin, 

rosuvastatin or simvastatin
32.4%-45.2% received other LLT

ODYSSEY CHOICE 
II81,d

Alirocumab 150 mg Q4W: 
63.9%
Alirocumab 75 mg Q2W: 
70.3%

Placebo Q2W: 
1.8%

24 30.2%-34.5% received diet alone
59.3%-60.3% received ezetimibe
5.2%-10.3% received fenofibrate

High CV risk

ODYSSEY COMBO 
I31,e

Alirocumab 75 mg Q2W: 
75.0%

Placebo: 9% 24 99.5–100% received statins
(high dose: 61.7%-64.5%; atorvastatin 40-80 mg 
QD or rosuvastatin 20-40 mg QD or simvastatin 
80 mg QD)
7.2%-10.3% received ezetimibe
38.3%-49.5% received other LLT

ODYSSEY COMBO 
II 28,f

Alirocumab 75 mg Q2W: 
77.0%

Ezetimibe 10 mg 
QD: 45.6%

24 99.8%-100% received statins
66.4%-66.8% received high-intensity statin 
therapy (atorvastatin 40-80 mg QD or rosuvasta-
tin 20-40 mg QD)

ODYSSEY LONG 
TERM 33,f,g

Alirocumab 150 mg Q2W (high 
or very high risk): 80.7%
Regardless of risk: 79.3%

Placebo: (high or 
very high 
risk):8.5%

Regardless of risk: 
8.0%

24 
(sec-
ondary 
end-
point)

100% received maximum tolerated daily statin 
therapy
≥99.9% received statins
46.7%-46.8% received high-intensity therapy 
(atorvastatin 40-80 mg QD, rosuvastatin 
20-40 mg QD or simvastatin 80 mg QD)
13.9%-15.0% received ezetimibe
27.9%-28.1% received other LLT

YUKAWA-237,h Evolocumab 140 mg Q2W + 
atorvastatin 5 mg QD: 
98.0%-100%
Evolocumab 420 QM + 
atorvastatin 5 mg QD: 
96.0%-100%
Evolocumab 140 Q2W + 
atorvastatin 20 mg QD: 
96.0%-100%
Evolocumab 420 mg QM + 
atorvastatin 20 mg QD: 
98.0%-100%

Goal defined as LDL-C <70 mg/
dL (<1.8 mmol/L) for all 
patients

Placebo Q2W + 
atorvastatin 5 mg 
QD: 0.0%-29.0%
Placebo QM + 

atorvastatin 5 mg 
QD: 4.0%-42.0%
Placebo Q2W + 

atorvastatin 
20 mg QD: 
20.0%-59.0%
Placebo QM + 

atorvastatin 
20 mg QD: 
20.0%-88.0%

12 100% received statins (atorvastatin 5 mg or 20 mg 
QD)

TABLE  1  (Continued)

(Continues)
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Study

Proportion of patients achieving LDL-C goal at 
primary end-point according to the EAS/ESC 
guidelines (<70 mg/dL/<1.8 mmol/L [patients at very 
high CV risk] or <100 mg/dL/<2.6 mmol/L [patients 
at high CV risk])18,53 Study 

duration 
(weeks) Concomitant therapy (all treatment arms)Anti-PCSK9 antibody group Comparator group

High-to-very high CV risk

ODYSSEY OPTIONS 
I 27,i

Alirocumab 75 mg Q2W + 
atorvastatin 20/40 mg QD: 
84.6%-87.2%

Ezetimibe 10 mg 
QD + atorvastatin 
20/40 mg QD: 
65.1%-68.4%

Rosuvastatin 
40 mg QD: 62.2%
Atorvastatin 
40/80 mg QD: 
18.5%-34.5%

24 100% received statins (atorvastatin 20 mg or 
40 mg QD)

ODYSSEY OPTIONS 
II29,i

Alirocumab 75 mg Q2W + 
rosuvastatin 10/20 mg QD: 
66.7%-84.9%

Ezetimibe 10 mg 
QD + rosuvasta-
tin 10/20 mg QD: 
43.1%-57.2%

Rosuvastatin 
20/40 mg QD: 
29.9%-45.0%

24 100% received statins (rosuvastatin 10 mg or 
20 mg QD)

Statin intolerant

ODYSSEY 
ALTERNATIVE 32

Alirocumab 75 mg Q2W (up 
titrated to 150 mg Q2W): 
41.9%-51.2%

Ezetimibe 10 mg 
QD: 4.4%-5.6%
Atorvastatin 20 mg 
QD: not reported

24 37.3%-54.0% received LLT other than statins
32.5%-49.2% received LLT other than 

nutraceuticals
5.6%-13.6% received nutraceuticals

GAUSS-242 Evolocumab 140 mg Q2W + 
placebo QD (week 12): 50.5%
Evolocumab 420 mg QM+ 
placebo QD (week 12): 37.5%

Goal defined as LDL-C <70 mg/
dL (<1.8 mmol/L) for all 
patients

Ezetimibe 10 mg 
QD + placebo 
Q2W: 2.0%
Ezetimibe 10 mg 
QD + placebo 
QM: 0.0%

12 33% received any LLT (18% low dose statin)
4%-12% received rosuvastatin
0%-6% received simvastatin
1%-4% received atorvastatin
3–7% received other statins
18% received a low-dose statin

Only studies that reported LDL-C goal achievement are included. aPatients had baseline LDL-C levels of ≥160 mg/dL (4.1 mmol/L) despite maximally toler-
ated statin ± other LLT. bCV risk was determined according to NCEP ATP III guidelines. High risk: 26.0% and 26.6% of patients receiving evolocumab and 
placebo, respectively. Moderately high risk: 9.3% and 9.6% of patients receiving evolocumab and placebo, respectively. Moderate risk: 33.9% and 32.1% 
of patients receiving evolocumab and placebo, respectively. Low risk: 30.7% and 32.1% of patients receiving evolocumab and placebo, respectively. cMod-
erate CV risk: 10-year fatal CVD risk SCORE of ≥1% and <5%. High CV risk: presence of at least one of the following—10-year fatal CVD risk SCORE ≥5%; 
moderate chronic kidney disease; type 1 or type 2 diabetes mellitus without target organ damage; or FH. Very high CV risk: presence of one or more of the 
following—history of CHD, ischaemic stroke, peripheral artery disease, transient ischaemic attack, abdominal aortic aneurysm or carotid artery occlusion 
>50% without symptoms; carotid endarterectomy or carotid artery stent procedure; renal artery stenosis or renal artery stent procedure; or type 1 or type 
2 diabetes mellitus with target organ damage. dCV risk definition not reported. eHigh CV risk: LDL-C ≥70 mg/dL (≥1.8 mmol/L) and established CVD or 
LDL-C ≥100 mg/dL (≥2.6 mmol/L) with CHD risk equivalents (eg, diabetes mellitus with other risk factors or chronic kidney disease) and LDL-C ≥70 mg/dL 
(≥1.8 mmol/L). fHigh CV risk: heterozygous familial hypercholesterolaemia or established CHD or a CHD risk equivalent (ischaemic stroke, peripheral artery 
disease, moderate chronic kidney disease, or diabetes mellitus plus ≥2 additional risk factors). g17.7% of patients had heterozygous HF. hHigh CV was de-
termined according to Japanese Atherosclerosis Society (JAS) classification criteria. Goal defined as LDL-C <100 mg/dL (<2.6 mmol/L); a more stringent 
goal of LDL-C <70 mg/dL (<1.8 mmol/L) was also assessed. iVery high CV risk: a history of CVD, including CHD, or type 2 diabetes mellitus with target 
organ damage and LDL-C ≥70 mg/dL (≥1.8 mmol/L). High CV risk: no history of CVD or CHD but with other risk factors as follows—10-year fatal CVD risk 
SCORE ≥5%; moderate chronic kidney disease; type 2 diabetes mellitus with no target organ damage; and LDL-C ≥100 mg/dL (≥2.6 mmol/L). CHD, coro-
nary heart disease; CV, cardiovascular; CVD, cardiovascular disease; EAS, European Atherosclerosis Society; ESC, European Society of Cardiology; FH, fa-
milial hypercholesterolaemia; LDL-C, low-density lipoprotein cholesterol; LLT, lipid-lowering therapy; NCEP ATP III, National Cholesterol Education 
Program Adult Treatment Panel III; PCSK9, proprotein convertase subtilisin/kexin type 9; QD, every day; Q2W, every 2 weeks; Q4W, every 4 weeks; QM, 
every month; SCORE, Systemic Coronary Risk Evaluation.

TABLE  1  (Continued)
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and 3.7%, respectively) and that arthralgia occurred in 5.1% and 4.8% 
of patients, respectively (placebo or standard of care: 6.5% and 3.2%, 
respectively).58,59 Although there is some variation in the incidences 
of muscle-related AEs reported in trials of anti-PCSK9 antibodies, in 
general these are balanced between study arms. In the pooled anal-
ysis of open-label extension studies of evolocumab, the incidence of 
muscle-related AEs was 6.5% with evolocumab and 6.1% with stan-
dard of care.59 With alirocumab, the incidence was slightly higher 
because muscle-related events were grouped with connective tissue 
disorders in the long-term follow-up trial ODYSSEY LONG TERM, 
but remained balanced with the placebo arm (alirocumab: 30.1%; pla-
cebo: 30.7%).33 Myalgia occurred in 3.0% of patients receiving evo-
locumab and 2.9% of those receiving the standard of care59 and in 
the long-term follow-up trial of alirocumab (ODYSSEY LONG TERM), 
the incidence of myalgia was 5.4% with alirocumab compared with 
2.9% with placebo.33 In the open-label extension studies of evolo-
cumab, elevated creatinine kinase levels (>5×upper limit of the nor-
mal [ULN] range at baseline), a sign of muscle inflammation, were 
reported in 0.6% of patients receiving evolocumab (standard of care, 
1.2%).59 In ODYSSEY LONG TERM, 3.7% of individuals receiving ali-
rocumab and 4.9% of those receiving placebo had elevated levels of 
creatinine kinase (>3×ULN).33 For patients who were statin-intolerant, 
elevated creatine kinase levels (>3×ULN) were observed in 2.4% of 
patients receiving alirocumab and in 1.6% and 4.8% of patients receiv-
ing ezetimibe and atorvastatin, respectively.32 In GAUSS-2, 2.0% of 
statin-intolerant patients receiving evolocumab 420 mg every month 
had elevated creatinine kinase levels (>5×ULN) compared with 0% 
in the ezetimibe group. Elevated levels of creatinine kinase were not 
observed in the evolocumab 140 mg every 2 weeks group, but were 
seen in the corresponding ezetimibe group (6%).42

There are case reports documenting mild and reversible impaired 
cognitive function in patients receiving statins.60 The results of sev-
eral large meta-analyses, however, seem to suggest no increase in risk, 
and a causal link with statin treatment has not been established.61 In 
2014, the US Food and Drug Administration (FDA) requested that the 
feasibility of including analysis of neurocognitive AEs in late-stage clin-
ical trials of anti-PCSK9 antibodies be assessed.62 In the randomised 
double-blinded ODYSSEY LONG TERM trial of alirocumab in combi-
nation with statins, the rate of neurocognitive AEs at week 78 was not 
significantly different between the alirocumab and placebo arms (1.2% 
vs 0.5%, respectively; P=.17).33 In a pooled analysis of two open-label 
randomised trials (OSLER-1 and OSLER-2), the incidences of neuro-
cognitive events in patients treated with evolocumab plus standard 
therapy versus standard therapy alone were 0.9% and 0.3%, respec-
tively, at week 48.41 No association has been found between the 
rate of these AEs and LDL-C reduction in this or other studies.33,41,59 
However, a recent meta-analysis of 13 083 patients in phase 2 and 
3 trials reported that anti-PCSK9 antibodies were associated with an 
increased incidence of neurocognitive AEs compared with placebo 
(odds ratio [OR] 2.34; P=.02).63 This meta-analysis was based on 55 
neurocognitive events and resulted in a number needed to harm of 
269 associated with a broad confidence interval (CI) ranging from 93 
to 3257.64 The methodology of this meta-analysis was criticised as 

some patients were counted more than once, owing to their participa-
tion in both the OSLER studies and the parent studies.65 The effect of 
anti-PCSK9 antibodies on neurocognitive events or cognitive function 
remains unclear owing to the fact that the blood-brain barrier cannot 
be crossed by monoclonal antibodies and that the brain produces its 
cholesterol by de novo synthesis.65 A 4-year neurocognitive substudy 
of the FOURIER trial (EBBINGHAUS) is ongoing to prospectively 
assess the effects of evolocumab on specific cognitive aspects using a 
standardised, sensitive and validated test instrument.

Other potential AEs with statins include elevated liver enzymes, 
which may occur more frequently in patients receiving ezetimibe-statin 
combination therapy than with statin monotherapy.57 Differences 
in levels of liver enzymes between anti-PCSK9 antibody groups and 
control groups have not yet been observed in clinical studies. With 
alirocumab, elevated levels (>3×ULN) of alanine aminotransferase 
(ALT) and aspartate aminotransferase (AST) were observed in 1.8% 
and 1.4% of patients, respectively in the ODYSSEY LONG TERM study 
(placebo 2.1% and 2.3%, respectively).33 In the combined analysis of 
open-label extension studies of evolocumab, elevated levels of ALT/
AST were found in 1.0% of patients receiving evolocumab and in 1.2% 
of those receiving the standard of care.41,59

Limited data are available on the use of anti-PCSK9 antibodies in 
patients with hepatic or renal impairment. However, anti-PCSK9 anti-
bodies are proteins and are therefore not expected to be metabolised 
by the liver or kidneys; hence, no effects on the liver or kidneys are 
expected. For evolocumab, a small pharmacokinetics study reported 
no differences in efficacy or safety between healthy volunteers and 
in patients with mild or moderate hepatic impairment.66 Another evo-
locumab study reported no differences in LDL-C lowering or safety 
among patients with normal renal function and those with severe 
renal impairment or end-stage renal disease.67 The recently published 
FOURIER study included patients with renal impairment (glomerular 
filtration rate as low as 20 mL/min)26 and subgroup analyses examining 
the safety and efficacy of evolocumab in this population are expected. 
For alirocumab, a pooled analysis of data from patients with type 2 
diabetes mellitus and chronic kidney disease enrolled in phase 3 tri-
als showed no difference in LDL-C lowering or safety signals between 
patients with mild or moderate kidney disease. Furthermore, no effect 
on chronic kidney disease progression was observed.68 Although larger 
studies in patients with hepatic or renal impairment are warranted, cur-
rent evidence supports the use of evolocumab without dose adjust-
ments in these patients.15 Similarly, with alirocumab, dose adjustments 
are not required for patients with renal or hepatic impairment, although 
no data are currently available for patients with hepatic impairment.17

The systematic review of phase 3 data for alirocumab and evo-
locumab reported that, aside from musculoskeletal events, the most 
common AEs were nasopharyngitis and upper respiratory tract infec-
tions.18 Injection site reactions were reported at similar frequencies in 
evolocumab and control treatment arms, whilst studies of alirocumab 
varied in whether injection site reactions occurred more often with 
the anti-PCSK9 agent or comparators.18 Treatment-emergent anti-
drug antibodies were rare, but were reported in five alirocumab stud-
ies (highest incidence 12%), and in one patient in a single evolocumab 
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study.18 Treatment-emergent neutralising antibodies were reported in 
a small number of patients (<1%) in four of the alirocumab studies that 
were included in the anti-PCSK9 systematic review, but this did not 
impact on efficacy or safety.18 Of the evolocumab studies that assessed 
the formation of neutralising antibodies, such antibodies were not 
detected in any patient receiving evolocumab.18 Furthermore, no neu-
tralising antibodies were detected in the pooled analysis of over 6000 
patients who had participated in evolocumab clinical trials.59 Serious 
AEs, treatment-related discontinuations and discontinuations owing 
to AEs were rare with anti-PCSK9 antibody therapy.18

Importantly, no significant differences in the incidence AEs, both 
overall and within each category of AE were observed in patients 
achieving very low levels of LDL-C and those with higher LDL-C levels 
with evolocumab69 or with alirocumab.70

3.4 | What benefits can be expected when using 
anti-PCSK9 antibodies?

There is considerable evidence for a causal relationship between LDL-C 
reduction and a decrease in the number of CVEs.71 The reduction in CV 
risk may, however, be specific to the mechanism of action of a drug: 
agents that increase the number of LDL receptors, such as statins, 
anti-PCSK9 antibodies and ezetimibe, are likely to reduce CV risk.72 
Drugs with a different mechanism of action, such as inhibitors of the 
cholesteryl ester transfer protein (CETP), decrease LDL-C without any 
proven evidence of CVE risk reduction.73 The ongoing REVEAL trial is 
investigating the effect of anacetrapib, a CETP inhibitor, on CV risk.74

In 2005, the CTT’s collaboration published a meta-analysis in which 
data from over 90 000 patients were analysed to assess the effect of 
statin therapy on CV risk reduction.75 An update to this meta-analysis 
assessing the impact of more or less intensive statin therapy was 
published in 2010.5 Both studies found that a 40 mg/dL (1 mmol/L) 

reduction in LDL-C reduced the annual rate of major CVEs by approx-
imately a fifth (21% in the 2005 study and 22% in the later study).5,75 
Crucially, the 2010 meta-analysis demonstrated that, within the choles-
terol range studied, the size of the proportional reduction in major CVEs 
was directly proportional to the absolute LDL reduction achieved. It was 
suggested that reducing LDL-C by 80-120 mg/dL (2-3 mmol/L; as seen 
with anti-PCSK9 antibodies) would reduce risk by 40%-50%.5 More 
recently, the double-blind, randomised IMPROVE-IT trial compared 

Alirocumab Evolocumab

Study ODYSSEY LONG TERM33 OSLER-1 and -241

Number of patients 2341 (1553 alirocumab/788 
placebo)

4465 (2976 evolocumab + 
standard therapy; 1489 
standard therapy alone)

Follow-up duration 78 weeks 48–56 weeks

Percentage reduction in 
LDL-C 
(placebo-corrected)

62% (−70.6 mg/dL [−1.8 mmol/L] 
at week 24); P<.001

61% (−73.4 mg/dL 
[−1.9 mmol/L] at week 12); 
P<.001

Predicted annual hazard 
ratio in CVEs based on 
CTT regression analysis

0.64 (−36%) 0.63 (−37%)

Observed major CVEs 1.7% (alirocumab) vs 3.3% 
(placebo)a

0.95% (evolocumab) vs 
2.11% (standard therapy)b

Observed hazard ratio in 
major CVEs

0.52 (95% CI 0.31-0.90); P=.002) 
(−48%)

0.47 (95% CI 0.28-0.78); 
P=.003) (−53%)

CI, confidence interval; CTT, Cholesterol Treatment Trialists; CVE, cardiovascular event. aIncludes 
death from coronary heart disease, non-fatal myocardial infarction, fatal or non-fatal ischaemic stroke, 
and unstable angina requiring hospitalisation. bIncludes death, major coronary events and major cere-
brovascular events.

TABLE  2 Observed and predicted 
reductions in cardiovascular events in 
ODYSSEY LONG TERM and OSLER-1 
and -2

F IGURE  2 Relationship between 10-year NNT to prevent one 
CVE and LDL-C levels in hypothetical patients with various levels of 
residual CVE risk and who are receiving an anti-PCSK9 antibody as 
add-on therapy to statin and ezetimibe. CVE, cardiovascular event; 
LDL-C, low-density lipoprotein cholesterol; NNT, number needed 
to treat; PCSK9, proprotein convertase subtilisin/kexin type 9. An 
estimated absolute reduction in LDL-C levels from baseline of 60% 
was considered to predict the 10-year NNT

10-year absolute risk of a major CVE
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statin plus ezetemibe with statin monotherapy in 18 144 patients who 
had been hospitalised for acute coronary syndrome.21 The primary end-
point of this study was a composite of CV death, major coronary event 
and non-fatal stroke. Adding ezetimibe to statin therapy in patients 
with mean LDL-C levels within guideline recommendations (<70 mg/
dL [<1.8 mmol/L]) resulted in a further 12.8 mg/dL (0.33 mmol/L) 
reduction in LDL-C compared with statin alone (based on imputation 
for missing data) after a 7 year follow-up. This reduction in risk is con-
sistent with that expected from the CTT meta-analysis: a 38.7 mg/dL 
(1 mmol/L) LDL-C reduction leads to a 22% reduction in CVEs; there-
fore a 12.8 mg/dL (0.33 mmol/L) LDL-C reduction is expected to reduce 
CVEs by 7.9%.5,75 This current study has demonstrated that adding LLTs 
to statins can reduce the risk of CVEs, consistent with the conclusion 
of the CTT meta-analysis.5,75 The nature of the relationship between 
intensive LDL-C lowering and CVE rates warrants further investigation.

The lowering of LDL-C achieved with anti-PCSK9 antibody ther-
apy may also reduce CV risk. Over periods of a year or more, aliro-
cumab or evolocumab have been reported to signficantly reduce the 
rate of CVEs when added to standard therapy (Table 2).33,41 Although 
these studies were not designed or powered to examine efficacy in 
terms of CV benefit, it is interesting to observe that the reductions in 
incidence of CVEs with anti-PCSK9 antibody therapy fit well with the-
oretical reductions predicted on the basis of data from the CTT meta-
analysis.5,75 Based on a predicted reduction in CVE rate of 22% for 
every 38.7 mg/dL (1 mmol/L) reduction in LDL-C in statin and ezeti-
mibe trials, and the LDL-C reductions reported (at 24 and 12 weeks in 
two anti-PCSK9 antibody trials, ODYSSEY LONG TERM and OSLER-1 
and -2, respectively33,41), a reduction of around 40% in major CVEs 
would be expected. Notably, the observed reductions in major CVEs 

in clinical trials of 48% and 53% with alirocumab33 and evolocumab,41 
respectively (Table 2), even slightly surmounted the expected 
decreases. The FOURIER trial, in which patients with atherosclerotic 
cardiovascular disease and elevated LDL-C levels were treated with 
either placebo or evolocumab (on a background of maximally tolerated 
statins), is the first to report on the impact of anti-PCSK9 therapies 
on the incidence of CVEs.26 After a median follow-up of 2.2 years, 
compared with placebo evolocumab reduced LDL-C levels by 59% and 
reduced the relative risk of the composite CVE end-point (CV death, 
myocardial infarction, stroke, hospitalisation for unstable angina and 
coronary revascularisation) by 15%.26 The magnitude of risk reduction 
increased over time from 12% in the first 12 months to 19% beyond 
the first year.26 This reduction is largely consistent with the benefit 
observed with statins, based on the per-micromole-per-litre reduc-
tions in LDL-C levels observed in the CTT study.26

TABLE  3 Predicted 10-year NNT with an anti-PCSK9 antibody (with a predicted 60% LDL-C reduction from baseline) to prevent 1 CVE for 
various absolute 10-year risk of major CVEs and various baseline LDL-C levels

Absolute 10-year risk 
of a major CVEa

Baseline LDL-C 
levels, mg/dL 
(mmol/L)

Predicted LDL-C reductions 
achieved with anti-PCSK9 
antibody treatment, mg/dL 
(mmol/L)

Predicted LDL-C levels 
following anti-PCSK9 
antibody treatment, 
mg/dL (mmol/L)

Predicted 10-year absolute 
risk of a major CVE with 
anti-PCSK9 antibody 
treatmentb

10-year NNT to 
prevent 1 CVEc

60% 200 (5.2) 120 (3.1) 80 (2.1) 28% 4

160 (4.1) 96 (2.5) 64 (1.7) 32% 4

120 (3.1) 72 (1.7) 48 (1.2) 38% 5

80 (2.1) 48 (1.2) 32 (0.83) 44% 6

30% 200 (5.2) 120 (3.1) 80 (2.1) 14% 6

160 (4.1) 96 (2.5) 64 (1.7) 16% 7

120 (3.1) 72 (1.7) 48 (1.2) 19% 9

80 (2.1) 48 (1.2) 32 (0.83) 22% 13

15% 200 (5.2) 120 (3.1) 80 (2.1) 7% 13

160 (4.1) 96 (2.5) 64 (1.7) 8% 15

120 (3.1) 72 (1.7) 48 (1.2) 9% 18

80 (2.1) 48 (1.2) 32 (0.83) 11% 26

CTT, Cholesterol Treatment Trialists; CVE, cardiovascular event; LDL-C, low-density lipoprotein-cholesterol; NNT, number needed to treat; PCSK9, pro-
protein convertase subtilisin/kexin type 9. aPatients may or may not be receiving LLT. bUsing data from the CTT meta-analysis.5 cNNT for 10 years to 
prevent one CVE=100/([1−0.78n]×10-year CVE risk in %), where n=LDL-C reduction in mmol/L and 0.78 represents the decrease in CVD risk for each 
1 mmol/L reduction in LDL-C.5,19

TABLE  4 Typical characteristics of patients in secondary 
prevention with high LDL-C levels despite receiving maximally 
tolerated LLT who may be considered for treatment with anti-PCSK9 
antibodies.76 At least two of the following factors should be present

Familial hypercholesterolaemia

Previous myocardial infarction, progressive CVD or atherosclerosis

Type 2 diabetes mellitus

Moderate-to-severe chronic kidney disease (GFR<60 mL/
min/1.73 m2)

Heart failure (New York Heart Association classification III-IV)

CVD, cardiovascular disease; GFR, glomerular filtration rate; LDL-C, 
low-density lipoprotein cholesterol; LLT, lipid-lowering therapy; PCSK9, 
proprotein convertase subtilisin/kexin type 9.
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3.5 | Hypothetical patient cases

We have used the hypothetical principles of anti-PCSK9 antibody-
mediated LDL-C lowering (assuming that the same benefit is 

observed as with statin and ezetimibe) to predict 10-year NNTs with 
anti-PCSK9 antibodies to prevent one CVE for patients with vary-
ing baseline LDL-C levels and absolute 10-year CVE risks (Figure 2). 
As the 10-year risk of a CVE increased, the NNT to prevent one 

TABLE  5 Predicted outcomes in a hypothetical case of a 54-year old male patient who had previously experienced a myocardial infarction 
and has very high baseline LDL-C levels (scenario A) despite receiving maximally tolerated statin plus ezetimibe and (scenario B) under 
ezetimibe treatment in the scenario of statin intolerance. 
On the basis of the overall results from ODYSSEY COMBO II,28 an absolute reduction in LDL-C levels of at least 100 mg/dL (2.6 mmol/L) would 
be anticipated in scenario A following the addition of an anti-PCSK9 antibody to a statin plus ezetimibe. Using estimates from the CTT trial, this 
would translate into a 47% reduction in relative risk of major CVEs over 10 years.5 Assuming a predicted 10-year absolute risk of CV death of 
20% for this patient (Figure 3), the use of ezetimibe plus maximally tolerated statin would half this risk (9%). Anti-PCSK9 antibody as an add-on 
therapy would further reduce this risk to 5%. In terms of absolute 10-year risk of a major CVE (fatal and non-fatal), an anti-PCSK9 antibody 
with ezetimibe and maximally tolerated statin would reduce the 10-year absolute CVE risk from 60% to 15%. Addition of an anti-PCSK9 
antibody to statin and ezetimibe gives a NNT of 8. 
We have applied the same principles to another scenario (scenario B). This patient is similar to that described above, but has lower baseline 
LDL-C (191 mg/dL [4.9 mmol/L]) and is statin intolerant. In this case, and using data from the ODYSSEY ALTERNATIVE trial32 and the CTT 
meta-analysis,5 ezetimibe slightly reduced the 10-year absolute risk of CV death from 20% to 17%; treatment with anti-PCSK9 antibodies was 
predicted to drastically reduce this risk to 8% (a reduction in predicted absolute 10-year risk of a CVE from 60% to 24%). The NNT for the 
addition of an anti-PCSK9 antibody to ezetemibe therapy was 4, compared with 10 with ezetimibe alone. In both scenarios, it was assumed that 
treatments were well tolerated and that patients were adherent to treatment

Scenario A

Parameter Baseline
Ezetimibe + maximally 
tolerated statin

Anti-PCSK9 antibody + ezetimibe + 
maximally tolerated statin

LDL-C, mg/dL (mmol/L) 261 (6.7) 141 (3.6) 41 (1.1)

Predicted reduction in LDL-C (% change vs 
previous therapy)a

– −46% −71%

Predicted reduction in LDL-C, mg/dL 
(mmol/L)a

– 120 (3.1) 100 (2.6)

Predicted annual risk reduction in major CVEs 
(%)b

– −54% vs baseline −47% vs ezetemibe + statins 
76% vs baseline

Predicted absolute 10-year risk of a major 
CVE (%)c

60% 28% 15%

Predicted 10-year risk of CV death (%)c 20% 9% 5%

NNT for 10 years to prevent one CVEd – 4 vs baseline 3 vs baselinee

8 vs previous treatmentf

Scenario B: Statin intolerance

Parameter Baseline without statins Ezetimibe alone Anti-PCSK9 antibody + ezetimibe

LDL-C, mg/dL (mmol/L) 191 (4.9) 163 (4.2) 51 (1.3)

Predicted reduction in LDL-C (% change vs 
previous therapy)a

– 15% 69%

Predicted reduction in LDL-C, mg/dL 
(mmol/L) vs previous therapya

– 28 (0.72) 112 (2.9)

Predicted annual risk reduction in major CVEs 
(%) vs previous therapyb

– 16% vs baseline 51% vs ezetemibe 
59% vs baseline

Predicted absolute 10-year risk of a major 
CVE (%)c

60% 50% 24%

Predicted 10-year risk of CV death (%)c 20% 17% 8%

NNT for 10 years to prevent one CVEd – 11 3 vs baselinee

4 vs ezetemibef

CTT, Cholesterol Treatment Trialists; CV, cardiovascular; CVE, cardiovascular event; LDL-C, low-density lipoprotein cholesterol; PCSK9, proprotein con-
vertase subtilisin/kexin type 9. aPredicted reductions in LDL-C are based on data from the ODYSSEY COMBO II trial.28 bPredicted risk reduction in CVEs 
calculated based on data from the CTT meta-analysis.5 cAbsolute 10-year risk of a major CVE=baseline risk×(1−risk reduction), as calculated on Figure 2. 
dNNT for 10 years to prevent one CVE=100/([1−0.78n]×10-year CVE risk in %), where n=LDL-C reduction in mmol/L and 0.78 represents the decrease in 
CVD risk for each 1 mmol/L reduction in LDL-C.5,19 eThe 10-year NNT was calculated using the reduction in LDL-C from baseline. fThe 10-year NNT was 
calculated when adding an anti-PCSK9 antibody to previous therapy
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CVE decreased. For example, for patients with high baseline LDL-C 
(160 mg/dL [4.1 mmol/L]), an anti-PCSK9 antibody is expected to 
decrease LDL-C level by 96 mg/dL (2.5 mmol/L; ie, 60% LDL reduc-
tion). If the patient has a 10-year absolute risk of a CVE of 15%, the 
predicted 10-year NNT to prevent one CVE was 15. At the same 
baseline LDL-C level, the 10-year NNT to prevent one CVE was less 
than 8 if the 10-year risk of a CVE was higher than 30%. For patients 
with very high 10-year CVE risk (above 30%) and LDL-C levels of 
160 mg/dL (4.1 mmol/L) or more, the predicted 10-year NNT (rang-
ing from 3 to 8) might be considered as very efficient. Predicted 
10-year NNTs to prevent one CVE with anti-PCSK9 antibodies for 
patients with various baseline LDL-C levels and absolute 10-year 
risks of CVEs are shown in Table 3.

High 10-year absolute CVE risk (>30%) might be expected in 
some patients, such as: those in secondary prevention; those aged 
over 30 years with FH and other risk factors; those aged over 
40 years and with type 2 diabetes mellitus and other risk factors 
or microalbuminuria; patients aged over 60 years without type 2 
diabetes mellitus, but with multiple other risk factors and a SCORE 
(ie, 10-year risk of fatal CVD) of 10% or higher. Additional risk fac-
tors, such as smoking, high blood pressure, chronic kidney disease, 
family history of CVD, high levels of lipoprotein(a) or triglycerides 
may also contribute to increased CVE risk.3 These high-risk patient 
groups, together with those who are intolerant to statins, could ben-
efit from anti-PCSK9 antibody treatment. However, with limited CV 
outcomes data, considering the costs associated with treatment, 
and in line with recent German recommendations, anti-PCSK9 anti-
body therapy should currently only be considered for secondary 
prevention in patients who have high LDL-C levels despite receiving 
maximally tolerated LLT and at least two of the following additional 
conditions: FH; previous myocardial infarction, progressive coronary 
heart disease or atherosclerosis; type 2 diabetes mellitus; moderate-
to-severe chronic kidney disease (glomerular filtration rate <60 mL/
min/1.73 m2); or heart failure (New York Heart Association classifi-
cation III–IV) (Table 4).76

Two examples of individuals who might visit their primary care phy-
sician and have a very high CVE risk and high levels of LDL-C are pre-
sented in Table 5 (see also Figure 3). These patients could be considered 
good candidates for anti-PCSK9 antibody therapy, either as monother-
apy (in the case of statin intolerance) or in combination with other LLTs.

3.6 | Approved indications for 
alirocumab and evolocumab

Alirocumab and evolocumab have both been approved in Europe for 
use as an adjunct to diet in adults with primary hypercholesterol-
aemia (HeFH or non-familial hypercholesterolaemia) or mixed dys-
lipidaemia who do not achieve their LDL-C goal with other LLTs, or 
in those who are statin-intolerant.15,17 Evolocumab is also approved 
for use in combination with other LLTs in patients aged 12 years and 
older who have HoFH.15 Alirocumab is administered subcutaneously 
at a recommended starting dose of 75 mg once every 2 weeks or 
300 mg once every 4 weeks, and it may be adjusted to 150 mg every 
2 weeks.17 The dose of alirocumab can be tailored to the individual 
and may be up- or down-titrated as needed.17 Evolocumab is admin-
istered subcutaneously at a recommended dose of 140 mg every 
2 weeks or 420 mg every month: both doses are considered clini-
cally equivalent.15 For patients with HoFH, the dose of 420 mg every 
month may be up-titrated to 420 mg every 2 weeks if a clinically 
meaningful response is not achieved after 12 weeks of treatment.15 
Owing to the high cost of these therapies, their use is expected to be 
limited to patients considered to be at very high risk, in whom LDL-C 
goals are not achieved with alternative maximally tolerated LLT.

4  | CONCLUSIONS AND 
CLINICAL IMPLICATIONS

Anti-PCSK9 antibodies are safe, well tolerated and efficacious in low-
ering LDL-C in a broad range of patient populations, and are suitable 

F IGURE  3 Predicted LDL-C reductions 
and corresponding CV risk that may be 
expected when using a statin and then an 
anti-PCSK9 antibody as an add-on therapy 
in a patient with a 10-year absolute risk of 
a major CVE of 60%: a hypothetical case 
example of a male patient aged 54 years 
who has experienced a previous myocardial 
infarction. CV, cardiovascular; CVE, 
cardiovascular event; LDL-C, low-density 
lipoprotein cholesterol; PCSK9, proprotein 
convertase subtilisin/kexin type 9
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as an add-on therapy to a statin or ezetimibe, or as a monotherapy 
for patients who are intolerant to statins. Current data suggest that 
they not only lower LDL-C, but also reduce the risk of CVEs. Studies 
that look at CV outcomes as a primary end-point are ongoing, and 
long-term data from outcome studies are awaited. These anti-PCSK9 
antibodies are currently costly as they are intended for only a narrow 
population; however, once CV outcomes data are available the indi-
cation may expand and costs may therefore decrease. In Germany, 
the annual cost for treating one patient per year with an anti-PCSK9 
antibody is approximately €8500.76 Therefore, the use of anti-PCSK9 
antibodies may be limited by payers to patients with an extremely 
high CV risk and high LDL-C levels after exhausting all other LLTs at 
maximally tolerated doses (Table 4).76 According to this reasoning, 
approximately 60 000 patients would be eligible for anti-PCSK9 anti-
body treatment in Germany.76

Safety data from phase 3 clinical trials of anti-PCSK9 antibodies 
have shown that they are associated with few serious AEs or treat-
ment discontinuations and have a safety profile very comparable 
to placebo. Formal interaction testing is not required as monoclo-
nal antibodies are not expected to have drug–drug interactions.77 
Dose adjustments are not required for patients with mild to mod-
erate renal or hepatic impairment. Additionally, dose adjustments 
are not needed for body weight making it simple for physicians to 
administer the correct dose. Following discontinuation of evolo-
cumab, LDL-C levels gradually return to baseline over a period of 
up to 12 weeks (less rapidly than with statins), with no evidence of 
a rebound effect.78

Estimates of 10-year NNT to prevent one CVE are well-supported 
by theoretical rationale and preliminary observations from clinical 
studies. However, we are aware that there may be limitations in 
using the hazard ratio observed with other LLTs and extrapolating 
these estimates to predict treatment effects of anti-PCSK9 anti-
bodies. One of the limitations of calculating NNTs is the assumption 
that the treatment effect for statins compared with no statins will 
be the same as for anti-PCSK9 antibody plus statins compared with 
statin alone, which remains to be confirmed. Secondly, a 38.7 mg/dL 
(1 mmol/L) reduction in the context of the high baseline LDL-C levels 
seen in the CTT meta-analysis trials (143 mg/dL, 3.7 mmol/L) could 
have accounted for an overestimation of the NNT as compared with 
the effect of starting at a lower baseline of 88 mg/dL (2.3 mmol/L). 
The fact that anti-PCSK9 antibodies are add-on therapies to statins 
may also account for limitations in using the same NNT calculation 
for anti-PCSK9 antibodies and for statins alone. Because the LDL-C 
reductions in the IMPROVE-IT trial were small compared with reduc-
tions associated with anti-PCSK9 antibodies, caution is needed when 
extrapolating the effects observed in this trial to anti-PCSK9 anti-
bodies. However, there is currently a strong level of evidence that 
the relationship between LDL-C level and CVE risk is similar between 
drugs that specifically target the LDL receptor pathway (eg, ezeti-
mibe and various statins). This contrasts with other drugs that mod-
ulate LDL-C levels by other pathways (eg, fibrates and CETP inhibi-
tors) with which no such relationship has been observed. Anti-PCSK9 
antibodies primarily act on the LDL receptor pathways, therefore it 

would be reasonable to expect that the LDL-C reductions induced by 
these agents would have the same proportional effect on CVE risk as 
statins and ezetimibe. Furthermore, preliminary data demonstrating 
a CVE risk benefit in anti-PCSK9 antibody trials, albeit limited study 
durations33,41 supports the predictions of CVE risk benefits made in 
this review.

While we await further data from anti-PCSK9 antibody trials that 
evaluate CV outcomes as primary end-points (rather than surrogate 
markers such as LDL-C levels), we propose that an anti-PCSK9 anti-
body should be considered for use in secondary prevention patients 
with high LDL-C levels despite receiving maximally tolerated LLT and 
at least two additional CVE risk factors.
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