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Alirocumab in Combination with Statins for CVD Risk Reduction: 
An Evidential Review

ABSTRACT
Cardiovascular disorders have been one of the mainstay causes for the 
estimated rise in the incidences of mortality. In earlier times, treatment 
approach was initiated with statin therapy even though there were high 
reports of adverse events and failure to attain the target lipid concentration. 
In 2003, Proprotein Convertase subtilisin/kexin 9 was found to be respon-
sible for the degradation and inactivation of LDL receptors. Ever since the 
concept was introduced, many researches have been conducted in this 
field for a better control in lipid management. Alirocumab was approved by  
FDA in the year 2015 as a PCSK9 inhibitor indicated for heterozygous familial  
hypercholesterolemia. The purpose of this review is to compile the available 
information on the LDL-C reduction capacity of Alirocumab in combination 
with statins and simultaneous cardiovascular risk reduction. It also aims at 
providing an evidential safety data associated with Alirocumab use.
Alirocumab is presently available in doses of 75 and 150mg subcutaneous 
injections once every two weeks. It is a monoclonal antibody directed  
against PCSK9 and evidential data provides an estimate of about 54%  
reduction in LDL-C concentrations. The application of Alirocumab as add on 

therapy to statins is the area of interest and the data suggests that there is 
a significant higher rate of LDL-C reductions in turn leading to a noteworthy  
cardiovascular risk reduction. However the appropriate dose of statins to 
incorporate a PCSK9 inhibitor requires further hypotheses. Additionally the 
safety profile of Alirocumab was found to be comparable with placebo or 
the control.
Key words: Alirocumab, Atherosclerotic cardio vascular disease, Hyper-
cholesterolemia, LDL-cholesterol, LDL-receptor, PCSK9 inhibition.
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INTRODUCTION
Cardiovascular diseases are the prime cause of morbidity and mortality 
worldwide and research has been done to modify and for the prevention 
of its risk factors. It is well known and documented that, lowering of 
LDL cholesterol is the mainstay of therapy in the primary and secondary 
prevention of CVD.1 Presently statins remain the cornerstone of lipid 
lowering therapy but conversely, there is widespread incidence of failure 
to achieve target lipid lowering goal even with the maximally tolerated 
dose of statins. This can be attributed to statin intolerance such as an 
injection site reaction, myalgia and myositis.2-3

Recent trends in medical diagnosis have led to the clear concept of the 
residual cholesterol levels and the high risk of cardio vascular events. 
To attain a better control and lowering of LDL-C, a new group of drugs 
called PCSK9 inhibitors have been recently approved by the FDA and the 
European Medical Agencies.4

PCSK9 inhibitors have been playing an overriding therapeutic role in  
the lipid homeostasis, ever since it was discovered in 2003. It is a  
proprotein found profusely in the human blood and moreover it has been 
found to be responsible for the degradation of LDL receptors and thereby 
increasing blood concentration of LDL-C, attributing to higher risk of 
adverse vascular events.5 It is self-cleaved, secreted and tightly binds to  
the EGF-A–like domain of the LDLR which in turn causes the LDLR  
recycling leading to the down regulation of LDLR activity.6-7 Lipid  
metabolism is also caused by degradation of endosomes and lysosomes 
in the cell surface. Furthermore, there is a link found between atheroscle-
rosis and PCSK9 as vascular smooth muscle cells secrete PCSK9, which 
causes cutback in LDLR expression and LDL-C uptake of human and 
murine macrophages, ensuing vascular lipid build up and oxidation.8

Loss of function mutations in LDLR, heterozygous mutation in ApoB 
affecting the LDL receptor binding domain of ApoB or heterozygous 
gain-of-function mutations in PCSK9, are the identified genetic causes 

of Heterozygous Familial Hypercholesterolemia. Homozygous FH on 
the other hand, is a result of homozygous or frequently, from compound  
heterozygous mutations in either the LDLR or ARH genes. Additionally  
it has been proven that the incidence of CVD is considerably lower in 
patients having LOF mutation of PCSK9.9 These present the ground 
data that offer strong rationale supporting the use of PCSK9 inhibitors. 
Alirocumab is a proprotein convertase subtilisin/kexin type 9 (PCSK9) 
inhibitor, available in doses of 75 mg administered subcutaneously Q2W 
and the maximum dosage is 150 mg Q2W.10

The primary objective of this review is to compile the available infor-
mation on the efficacy of Alirocumab in combination with statins, on  
LDL-C reduction and thus cardiovascular risk reduction, the secondary  
objective being to provide an evidential data on the safety associated 
with the use of Alirocumab.

MATERIALS AND METHODS
Literature search
For the selection of studies, the approach used was to primarily choose 
randomized controlled trials that assess the PCSK9 inhibitors’ efficacy 
when used in combination with statins, with or without Ezetimide and 
also the study should provide the data on the safety and adverse effect  
profile of Alirocumab. PubMed, BMC, Clinical key, Scopus, Science direct  
and the Cochrane CENTRAL were the databases that were searched, 
while using the search terms; ‘PCSK9 inhibitors’, ‘PCSK9’, ‘AMG 145’,  
‘Alirocumab’, ‘CVD risk reduction’ and ‘statins’. The finally extracted  
references were manually checked and the abstracts and non-English  
papers were excluded.

Study selection
The databases generated 790 articles and out of them 721 were excluded  
as they were abstracts, protocols or forum discussions. On further refining,  
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90 studies were excluded due unavailability of full text articles and dupli-
cation. After the final scrutiny, 9 studies met with the inclusion criteria 
and hence were included in the review.
All subjects included in the studies were screened for the eligibility criteria 
and being on a baseline statins with or without Ezetimibe was a must, 
but should have had a LDL-C concentration of ≥ 70mg/dl for those who 
had CVD and ≥100mg/dl for those who had coronary artery disease risk  
equivalents like diabetes mellitus with other risk factors or chronic kidney  
disease. Across the 9 studies, 2052 patients were randomized and treated: 
the intervention arm being of Alirocumab (50, 75 or 150mg) and the 
control arm consisting of placebo, Ezetimibe or doubling the statin dose. 
Characteristics of included studies are shown in Table 1.

RESULTS
LDL-C Reduction
Comparison of Alirocumab with other alternatives and its mean  
percentage changes in LDL-C reduction is shown in Table 2.
The study conducted by Kereiakes et al.11 in the ITT analysis; the mean 
percent change of LDL-C from baseline to the 24th week for Alirocumab 
was −48.2% and −2.3% for placebo. On the other hand, for the on-treatment 
analysis, it was found −50.7% and −0.8% respectively (P≤ .0001). For 
the other lipid parameters, there was a significant reduction observed at 
the 24th week with Alirocumab (P ≤.0001 vs placebo). For non–HDL-C  
reduction it was observed −39.1% for Alirocumab and −1.6% for  
placebo. Others include apolipoprotein B −36.7% vs −0.9%, total  
cholesterol −27.9% vs −2.9 and lipoprotein (a) −20.5 −5.9%. Similarly in 
the study conducted by Teramoto et al.12 Alirocumab resulted in a dose-
dependent achievement in a ≥50% reduction in LDL-C which was not 
observed in any of the subjects in the placebo arm. Significant decline in 
the concentrations of total cholesterol, non HDL-C and apolipoprotein 
B were also observed (p <0.0001). Additionally as per Shahawy et al.13 
LDL-C levels showed significant reductions from baseline by 52% with  
Alirocumab whereas by 22% with the Ezetimibe group ([LS] mean  
difference of −31%, 95% confidence interval [CI] −35 to −26; p <0.0001).
Furthermore according to the study conducted by Farnier et al. LDL-C 
reductions were observed at about 36.3% in the Alirocumab arm and 
with 11.0% reductions observed in the Ezetimibe arm (p ≥0.0136).14

Moreover, as per the study conducted by Ginsberg et al. The {LS mean, 
[SE]} percent change in LDL-C was better in the Alirocumab arm with  
−45.7 [3.5] % whereas the placebo group with −6.6 [4.9] % for the  
subjects of ITT analysis group, associated with a statistically significant 
LS mean (SE) difference among the groups of −39.1 (6.0) % (P < 0.0001).  
A sensitivity analysis was also done and resultant demonstration of  
Alirocumab with −50.9 [3.4] % and placebo with −1.0 [4.7] % in LDL-C 
(P <0.0001).15

On top of the above outcomes, in the study by Cannon et al.16 the assess-
ment of the primary end point was 250.6 plus 1.4% {mean plus standard 
error (SE) decrease in LDL-C at the 24th week} in the interventional arm 
and 220.7 plus 1.9% in the Ezetimibe arm while both the arms were on 
a background of maximally tolerated statin therapy, with a statistically 
significant difference of the means + SE between groups of 229.8 (95% 
CI 234.4 to 225.3, P , 0.0001).
Some studies had to increase the dose of Alirocumab from 75 mg to 
150mg at week 12 if the LDL-C ≥ 70mg/dl at week 8.16-17 Subjects treated 
with add on Alirocumab showed higher reduction in LDL-C as com-
pared to control arm in all the study pools. In addition to this, there was 
no association found between the type and dose of baseline statins and  
percentage change of LDL-C for Alirocumab and control arm. It was  
also found that the measured and the calculated values of LDL-C were 
consistent with each other. Efficacy of Alirocumab over time showed 

early and sustained reduction of LDL-C as compared to placebo and the 
reduction was found to be comparable. Teramoto et al. used three doses 
of Alirocumab i.e 50mg, 75mg and 150mg in their multiple dose study 
and it showed significant dose dependent LDL-C reduction. When the 
dose of Alirocumab was increased after week 12, additional decrease in 
the LDL-C was documented.

LDL-C goal attainment
The proportion of patients achieving the target LDL-C was significantly  
larger in Alirocumab arm as compared to placebo arm. Most of the 
patients (>80%) having high or very high cardiovascular risk achieved 
LDL-C <70 mg/dl and <100 mg/dl respectively in Alirocumab arm18 and  
this proportion was much higher than any other add-on therapies of  
lipid lowering agents like Ezetimibe and doubling of statin dose. However 
there was association found between proportion of patients attaining the 
LDL goal and statin dose. The multiple dose study also showed a dose  
dependent increase in the proportions of patients achieving ≥50% LDL-C  
reduction.12

Other lipid parameters
There were marked reductions in non HDL-C, Apolipoprotein B,  
Lipoprotein (a), Triglycerides and total cholesterol associated with  
Alirocumab as compared to placebo or other controls. Relative to other 
parameters, triglycerides had a lesser degree of change when attributed 
to Alirocumab. Some studies also showed that the difference in Triglyc-
eride levels between Alirocumab and Ezetimibe arm was not statistically 
significant.13,15 Modest HDL-C elevation was also documented attributed 
to Alirocumab as compared to control. Other lipid parameters are shown 
in Table 3.

Safety Summary
The safety and adverse events associated with Alirocumab extracted 
from various studies are represented in Table 4. The treatment emergent  
adverse and serious adverse events were found to be comparable  
between intervention and control arm.
In the study conducted by Kereiakes et al. the incidence of TESAEs and 
TEAEs were comparable between the groups. TEAEs leading to discon-
tinuation or death were also reported. 5.3% in the interventional group 
and 2.8% among the placebo arm, which demonstrated reports of local 
injection site reactions. Additionally, allergic reactions were reported in 
8.7% subjects receiving Alirocumab and 6.5% for subjects receiving pla-
cebo patients. However, in the study by Teramoto et al. there were no 
reports of serious adverse events or drug discontinuations.
As per the study concluded by Shahawy et al. local injection-site reac-
tions were reported about 2.5% in the interventional group and 0.8% in 
the Ezetimibe group for the first year, whereas it was reported about 0.2% 
in the interventional group for the second year.
In the study by Bays et al. TEAEs were reported in 65.4% of subjects with 
interventional add-on therapy, however discontinuation was reported in  
6.7% of these subjects. Overall, TESAEs were reported for 5.4% of  
patients of which two subjects died during the study who were on Ezetimibe  
group.18

Additionally in the study by Cannon et al. the rate of TEAE leading to 
death was reported in 0.4% of subjects in the interventional group and 
in 1.7% of subjects in the Ezetimibe group. 18.8% of patients in inter-
ventional arm and 17.8% of subjects in Ezetimibe arm reported serious  
adverse events. However, a higher proportion of TEAEs leading to  
discontinuation was observed in the interventional arm (7.5% to 5.4%).16

In the study conducted by Leiter et al. cardiovascular events were re-
ported in 8.8% and 2.6% of subjects with DM and 5.4% and 6.7% of sub-
jects without diabetes mellitus for the interventional and Ezetimibe arms 
respectively.17
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Table 2: Comparison  of  Alirocumab with other alternatives and its mean percentage changes in LDL-C reduction

Study Study Pool N Reduction in 
LDL-C(%)

% of subjects reaching the 
Goal

Shahawy et al[11]

(2017)
At week 24
Alirocumab
Ezetimibe
At 2 years

Alirocumab
Ezetimibe

479
241

479
241

-52%
-22%

-49%
-17%

-
-

-
-

Ginsberg et al[12]

(2016)
Alirocumab

Placebo
71
35

-45.7%
-6.6%

41%
5.7%

Leiter et al[13] (2016) With DM
Alirocumab
Ezetimibe

Without DM
Alirocumab
Ezetimibe

225
148
77

495
331
164

49.1%
18.4%

51.2%
21.8%

77.9%
50.1%

77.3%
45.1%

M. Farnier et al[14] 
(2016)

Rosuvastatin 10mg group
Add-on Alirocumab

Add-on ezetimibe
Doubling of the rosuvastatin dose

Rosuvastatin 20mg group
Add-on Alirocumab

Add-on ezetimibe
Doubling of the rosuvastatin dose

48
47
48

53
50
52

-50.6%
-14.4%
-16.3%

-36.3%
-11.0%
-15.9%

84.9%
57.2%
45.0%

66.7%
52.2%
40.1%

Teramoto et al[16]

(2016)
Alirocumab50 mg
Alirocumab 75 mg
Alirocumab150 mg

25
25
25

-54.8%
-62.3%
-71.7%

100%
100%
100%

Bays et al[17]

(2015)
Atorvastatin 20 mg group

Add-on Alirocumab
Add-on Ezetimibe

Double Atorvastatin dose
Atorvastatin 40 mg group

Add-on Alirocumab
Add-on Ezetimibe

Double Atorvastatin dose
Switchto rosuvastatin40mg

55
53
53

46
46
47

45

44.1%
20.5%
5.0%

54.0%
22.6%
4.8%

21.4%

-
-
-

-
-
-

-

Cannon et al[18] (2015) Alirocumab
Ezetimibe

479
241

-50.6%
-20.7%

77%
45.6%

Kereiakes et al[20]

(2015)
Alirocumab

Placebo
205
106

-48.2%
−2.3%

75%
9%

Roth et al[21] (2012) Atorvastatin
80 mg+Alirocumab

Atorvastatin 10mg+Alirocumab
Atorvastatin 80mg+Placebo

30

31

31

73.2%

66.2%

17.3%

90%

97%

17%
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Table 3: Comparison of Alirocumab and other alternatives with mean percentage changes in other lipid parameters

Non 
HDL-C

Apo-B Lipoprotein (a) Triglyceride HDL-C Total 
Cholesterol

Shahawy et 
al[11] (2017)

Alirocumab
Ezetimibe

-39.4
-14.6

-35.8
-10.2

-23.1
4.8

-11.4
-8.2

1.2
8.7

-
-

Ginsberg et 
al[12] (2016)

Alirocumab
Placebo

-41.9
-6.2

-39.0
-8.7

-23.5
-8.7

-10.5
-1.9

7.5
3.9

-33.2
-4.8

Leiter et al[13] 
(2016)

With DM
Alirocumab

Placebo
Without DM
Alirocumab

Placebo

-40.8
-15.3

-42.7
-20.9

-39.0
-14.8

-41.4
-19.8

-28.1
-4.3

-27.7
-6.9

-15.3
-11.4

-12.0
-13.3

8.4
1.3

8.7
0.2

-
-

-
-

M. Farnier et 
al[14] (2016)

Rosuavstatin 10mg

Add-on Alirocumab -42.7 -36.5 -27.9 -11.2 9.1 -

Add-on ezetimibe -13.4 -9.7 -4.3 -8.3 4.0 -

Doubling of the 
rosuvastatin dose

-11.3 -7.3 -4.0 -1.8 1.7 -

Rosuavstatin 20mg

Add-on Alirocumab -31.4 -28.3 -22.7 -8.7 7.2 -

Add-on ezetimibe -12.9 -11.2 -5.8 -11.1 1.8 -

Doubling of the 
rosuvastatin dose

-11.2 -9.8 -5.2 -9.9 1.5 -

Teramoto et 
al[16](2016)

Alirocumab 50 mg
Alirocumab 75 mg
Alirocumab150mg

  Placebo

-46.4
-53.5
-62.1
-1.2

-43.7
-48.9
-60.2
-2.8

-35.6
-40.2
-43.3
-3.7

-21.1
-10.7
-15.0
1.3

3.4
5.7
2.0
2.1

-31.6
-36.4
-41.8
-0.6

Bays et al[17] 
(2015)

Atorvastatin 20mg

Add-on Alirocumab -36.7 -33.7 -23.6 -12.0 4.8 -

Add-on Ezetimibe -15.1 -10.1 -10.6 -3.3 -0.1 -

Atorvastatin 40mg -6.3 -4.4 -20.2 -6.7 1.9 -

Atorvastatin 40mg

Add-on Alirocumab -47.6 -41.9 -30.8 -19.1 7.7 -

Add-on Ezetimibe -21.0 -14.3 0.2 -13.9 2.0 -

Atorvastatin 80mg -6.5 -3.5 -9.7 -7.3 4.7 -

Rosuvastatin 40mg -17.4 -10.9 -4.9 -0.5 5.7 -

Cannon et al[18] 
(2015)

Alirocumab
Ezetimibe

-42.1
-19.2

-40.7
-18.3

-27.8
-6.1

-13.0
-12.8

8.6
0.5

-29.3
-14.6

Kereiakes et 
al[20] (2015)

Alirocumab
Placebo

-39.1
-1.6

-36.7
-0.9

-20.5
-5.9

-6.0
-5.4

3.5
-3.8

-27.9
-2.9

Roth et al[21] 
(2012)

Atorvastatin 80 
mg+Alirocumab

-63.9 -58.0 -31.0 -24.7 5.8 -47.2

Atorvastatin 10 
mg+Alirocumab

-58.3 -54.4 -34.7 -4.0 2.6 -40.5

Atorvastatin 
80mg+Placebo

-22.3 -12.0 -2.7 -11.9 -3.6 -16.6
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Table 4: Safety and adverse event outcomes of Alirocumab

TEAEs TESAEs TEAE leading to death TEAE leading to 
discontinuation

Injection site 
reactions

Shahawy et al[11] 
(2017) N=479

391 124 6 44 13

Ginsberg et al [12] 
(2016) N=72

51 10 0 3 6

Leiter et al[13] (2016)
With DM(N=148)

Without DM(N=331) 120

271

39

85

2

4

15

29

1

12

M. Farnier et al[14] 
(2016) N=103

58 6 0 5 4

Teramoto et al[16]

(2016) N=75
41 1 0 2 7

Bays et al[17] (2015) 
N=104

68 4 0 7 3

Cannon et al[18] (2015) 
N=479

341 90 2 36 12

Kereiakes et al[20] 
(2015) N=207

157 26 2 13 11

Roth et al[21] (2012) 
N=61

32 1 0 1 -

DISCUSSION
The Food and Drug Administration, USA approved Alirocumab in the 
year 2015 for use in patients with clinical ASCVD and HeFH receiving  
maximally tolerated statin therapy and still requiring further LDL- 
lowering. The dose of Alirocumab being 75 mg administered subcuta-
neously once every 2 weeks, adjusted upto 150mg subcutaneously once 
every 2 weeks based on the patients Lipid control.21

However, since the recent approval of the drug in the market, further  
epidemiological data may be necessary to elucidate the risk versus benefit  
outcomes of Alirocumab use. It may be applied in instances where only 
limited options remain in the control of dyslipidemias and in patients 
with statin intolerance. 
Data and clinical outcomes are implicating the efficacy of Alirocumab in 
reduction of LDL being far greater than any of the existing lipid lowering  
therapies. Studies have shown that monotherapy of PCSK9 inhibitors 
cause 50-58% of LDL-C reduction.22 This review briefs on the hypothesis 
that the LDL-C lowering capability of Alirocumab is further amplified  
when used with statins. To justify this, Stroes E et al.32 studied the  
effect of monotherapy of Alirocumab on LDL reduction and it was found 
to be -51.7% and -53.5% for 150mg Q4W and 75mg Q2W respectively, 
whereas Teramoto et al.12 studied the effect of same but in combination 
with background statins and found that the LDL reduction from baseline 
was -62.3% and -71.7% for the same doses. Hence, when the patients’ 
cholesterol level is poorly controlled by baseline low, moderate or high  
intensity statin, it can be brought well within the range by adding  
Alirocumab.23

It was also found that, LDL-C reduction was increased in Alirocumab 
arm irrespective of and unaffected by the dose of statin, which indicates 
that even though Statins as well as PCSK9 monoclonal antibody therapy 
causes upregulation of LDL receptors, their mechanisms for LDL reduction 
are different.23 Studies done on add on Alirocumab with different doses 
of statins showed that there is a lesser degree of reduction in LDL-C in 

higher doses of statin as compared to their lower doses. This effect can be 
attributed to the fact that statin treatment increases the activity of sterol 
regulatory element binding protein 2(SREBP-2) causing amplification of 
PCSK9 expression leading to reduced uptake of LDL-C and this happens 
dose dependently. But this effect is not significant with Ezetimibe.24

LDL reduction is attained at 4 weeks and remains considerably constant 
through 12 and 24 weeks,25 and this is consistent with the study done by 
Shahawy et al.13 which showed constant LDL reduction for upto 2 years.  
LDL reduction is shown to be accompanied by percent and absolute  
decrease in calculated 10 year cardiovascular risk calculated by both 
ACC/AHA and NIH calculators.25

In statin intolerance, Ezetimibe is the recommended alternative to statins 
but causes only 15-20% of LDL reduction.26 In the absence of statins, a  
higher magnitude of LDL reduction is required and this need can be  
addressed by Alirocumab.27

Majority of patients with ASCVD and/or HeFH in Alirocumab arm, 
reached their target LDL levels in this pooled data. The additional LDL-
C reduction caused by increasing the dose of Alirocumab from 75mg to 
150mg at week 12 was around 14% in COMBO II and FH 1 study. The 
dose increase was more likely done in patients having higher baseline 
LDL-C.18,19, 28

Addition of Ezetimibe to baseline statin showed additional 12-18%  
reduction of LDL but only a 6% decrease in Apo B23 but add on  
Alirocumab arm showed significantly higher reduction in ApoB.
For selection of candidates for PCSK9 inhibitors, it is highly beneficial 
for patients who have ASCVD with LDL-C ≥ 140mg/dl or LDL-C ≥ 
100mg/dl for patients who are at high risk of retracting ASCVD.29

The safety and adverse effect profile of Alirocumab was found to be 
similar to that of Ezetimibe, hence Alirocumab can be effectively used 
instead of Ezetimibe in statin intolerant patients.30 The treatment emer-
gent adverse effects and serious adverse events are comparable with the 
previous studies.
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Researchers have studied the various biological pathways underlining 
the lipid pathways, which includes association of males and the relation 
between PCSK9 and lipoprotein sub fractions and this interaction, may 
be attributed to a novel mechanism for gender disparity.31 However this 
needs further exploration into the field.
The major limitation of this review is thes mall number of studies are in-
cluded in the study. In some studies, the specifics of the baseline statins 
are not mentioned and there is no data on the adherence of the statins. 
This can cause information bias in the analysis. Another important limi-
tation is that, as the drug is just few years into the market, there are not 
much post marketing data available for the drug.

CONCLUSION
This review states that there is additional LDL-C reduction when  
Alirocumab is added to baseline statins hence reducing the cardiovas-
cular risk significantly. It was well established that this reduction due to 
Alirocumab is independent by type and dose of statins as compared to 
placebo. But as the dose of statins increases (high intensity) the degree 
of LDL-C reduction decreases. But high intensity statin as well as PCSK9  
inhibitors are said to decrease CVD risk, hence further research is  
required to refine this concept. Research on PCSK9 inhibitors should  
be extended to explore its long term effects emphasizing on the cardio-
vascular morbidity and mortality.

ACKNOWLEDGEMENT
The authors wish to thank JSS Academy of Higher Education & Re-
search, Mysuru for providing permission to conduct Workshop on Sci-
entific Writing 2017

CONFLICT OF INTEREST
The authors declare no conflict of interest.

ABBREVIATIONS
ApoB: Apolipoprotein B; ASCVD: Atherosclerotic Cardio Vascular  
Disease; FDA: Food and Drug Administration, USA; HDL-C: High  
Density Lipoprotein Concentration; HeFH: Heterozygous Familial 
Hypercholesterolemia; HoFH: Homozygous Familial Hypercholes-
terolemia; LDL-C: Low Density Lipoprotein Concentration; LDLR: 
Low Density Lipoprotein-Receptor; PCSK9: Proprotein Convertase  
Subtilisin/Kexin Type 9; TEAEs: Treatment Emergent Adverse Events; 
TGs: Triglycerides; TESAEs: Treatment Emergent Serious Adverse 
Events; VLDL: Very Low Density Lipoproteins.

REFERENCES
1. Reiner Z, Catapano AL, Backer GD, Graham I, Taskinen MR, Wiklund O, et al.  

ESC/EAS Guidelines for the management of dyslipidaemias. Eur Heart J. 
2011;32(14):1769-818.

2. Nordestgaard BG, Chapman MJ, Humphries SE, Ginsberg HN, Masana L,  
Descamps OS, et al. Familial hypercholesterolaemia is underdiagnosed and  
undertreated in the general population: Guidance for clinicians to prevent  
coronary heart disease. Eur Heart J. 2013;34(45):3478-90. 

3. Xanthopoulou I, Davlouros P, Siahos S, Perperis A, Evangelia Z, Alexopoulos D.  
First-line treatment patterns and lipid target levels attainment in very high  
cardiovascular risk outpatients. Lipids Health Dis. 2013;12(1):170. 

4. Jacobson TA, Ito MK, Maki KC, Orringer CE, Bays HE, Jones PH, et al. National 
Lipid Association Recommendations for Patient-Centered Management of  
Dyslipidemia: Part 1 - Executive Summary. J Clin Lipidol. 2014;8(5):473-88. 

5. Stein EA, Mellis S, Yancopoulos GD, Stahl N, Logan D, Smith WB, et al. Effect 
of a Monoclonal Antibody to PCSK9 on LDL. Cholesterol. 2012;366(12):1108-18

6. Kühnast S, Hoorn JWAVD, Pieterman EJ, Hoek AMVD, Sasiela WJ, Gusarova V, 

et al. Alirocumab inhibits atherosclerosis, improves the plaque morphology and 
enhances the effects of a statin. J Lipid Res. 2014;55:2103-12

7. Seidah NG, Awan Z, Chretien M, Mbikay M. PCSK9: A key modulator of cardio-
vascular health. Circ Res. 2014;114(6):1022-36. 

8. Urban D, Pöss J, Böhm M, Laufs U. Targeting the proprotein convertase  
subtilisin/kexin type 9 for the treatment of dyslipidemia and atherosclerosis.  
J Am Coll Cardiol. 2013;62(16):1401-8. 

9. Farnier M. PCSK9: From discovery to therapeutic applications. Arch Cardiovasc 
Dis. 2014;107(1):58-66. 

10. Glueck CJ, Shah P, Goldenberg N, Prince M, Lee K, Jetty V, et al. Eligibility for 
PCSK9 treatment in 734 Hypercholesterolemic patients referred to a regional 
cholesterol treatment center with LDL cholesterol ≥70 mg/dl despite maximal 
tolerated cholesterol lowering therapy. Lipids Health Dis. 2016;15(1):55. 

11. Kereiakes DJ, Robinson JG, Cannon CP, Lorenzato C, Pordy R, Chaudhari U,  
et al. Efficacy and safety of the proprotein convertase subtilisin/kexin type 9  
inhibitor alirocumab among high cardiovascular risk patients on maximally  
tolerated statin therapy: The ODYSSEY COMBO I study. Am Heart J. 
2015;169(6):906-15.

12. Teramoto T, Kobayashi M, Uno K, Takagi Y, Matsuoka O, Sugimoto M, et al.  
Efficacy and safety of alirocumab in Japanese subjects (Phase 1 and 2 Studies). 
Am J Cardiol. 2016;118(1):56-63. 

13. Shahawy ME, Cannon CP, Blom DJ, McKenney JM, Cariou B, Lecorps G, et al. 
Efficacy and Safety of Alirocumab Versus Ezetimibe Over 2 Years (from ODYS-
SEY COMBO II). Am J Cardiol. 2017;120(6):931-9. 

14. Farnier M, Jones P, Severance R, Averna M, Steinhagen TE, Colhoun HM, et al. 
Efficacy and safety of adding alirocumab to rosuvastatin versus adding ezeti-
mibe or doubling the rosuvastatin dose in high cardiovascular-risk patients: The 
ODYSSEY OPTIONS II randomized trial. Atherosclerosis. 2016;244:138-46. 

15. Ginsberg HN, Rader DJ, Raal FJ, Guyton JR, Baccara DMT, Lorenzato C, et al.  
Efficacy and Safety of Alirocumab in Patients with Heterozygous Familial  
Hypercholesterolemia and LDL-C of 160 mg/dl or Higher. Cardiovasc Drugs Ther. 
2016;30(5):473-83

16. Cannon CP, Cariou B, Blom D, McKenney JM, Lorenzato C, Pordy R, et al.  
Efficacy and safety of alirocumab in high cardiovascular risk patients with  
inadequately controlled hypercholesterolaemia on maximally tolerated doses 
of statins: The ODYSSEY COMBO II randomized controlled trial. Eur Heart J. 
2015;36(19):1186-94. 

17. Leiter LA, Zamorano JL, Bujas BM, Louie MJ, Lecorps G, Cannon CP, et al. 
Lipid-lowering efficacy and safety of alirocumab in patients with or without 
diabetes: A sub-analysis of ODYSSEY COMBO II. Diabetes Obes Metab. 
2017;19(7):989-96

18. Bays H, Gaudet D, Weiss R, Ruiz JL, Watts GF, Gouni BI, et al. Alirocumab as  
add-on to atorvastatin versus other lipid treatment strategies: ODYSSEY OPTIONS  
I randomized trial. J Clin Endocrinol Metab. 2015;100(8):3140-8. 

19. Robinson JG, Nedergaard BS, Rogers WJ, Fialkow J, Neutel JM, Ramstad D, 
et al. Effect of evolocumab or ezetimibe added to moderate- Or high-intensity 
statin therapy on LDL-C lowering in patients with hypercholesterolemia: The 
LAPLACE-2 randomized clinical trial. JAMA. 2014;311(18):1870-82.

20. Colhoun HM, Robinson JG, Farnier M, Cariou B, Blom D, Kereiakes DJ, et al. 
Efficacy and safety of alirocumab, a fully human PCSK9 monoclonal antibody, 
in high cardiovascular risk patients with poorly controlled hypercholesterolemia 
on maximally tolerated doses of statins: rationale and design of the ODYSSEY 
COMBO I and II trials. BMC Cardiovasc Disord. 2014;14(1):121.

21. Roth EM, McKenney JM, Hanotin C, Asset G, Stein EA. Atorvastatin with or 
without an Antibody to PCSK9 in Primary Hypercholesterolemia. N Engl J Med. 
2012;367(20):1891-900.

22. Wierzbicki AS, Grant P. Drugs for hypercholesterolaemia - from statins to pro-protein 
convertase subtilisin kexin 9 (PCSK9) inhibition. Clin Med. 2016;16(4):353-7. 

23. McKenney JM, Koren MJ, Kereiakes DJ, Hanotin C, Ferrand AC, Stein EA. Safety  
and efficacy of a monoclonal antibody to proprotein convertase subtilisin/kexin  
type 9 serine protease, SAR236553/REGN727, in patients with primary hyper-
cholesterolemia receiving ongoing stable atorvastatin therapy. J Am Coll Cardiol.  
2012;59(25):2344-53.

24. Shen L, Peng H, Xu D, Zhao S. The next generation of novel low-density lipoprotein  



Satyanarayan, et al.: Efficacy of Alirocumab with Statins for CVD Risk Reduction

Systematic Reviews in Pharmacy, Vol 10, Issue 1, Jan-Dec, 2019 41

cholesterol-lowering agents: Proprotein convertase subtilisin/kexin 9 inhibitors. 
Pharmacol Res. 2013;73:27-34. 

25. Shah P, Glueck CJ, Goldenberg N, Min S, Mahida C, Schlam I, et al. Efficacy,  
safety, Low density lipoprotein cholesterol lowering and calculated 10-year  
cardiovascular risk reduction of alirocumab and evolocumab in addition to maximal  
tolerated cholesterol lowering therapy: a post-commercialization study. Lipids 
Health Dis. 2017;16(1):19. 

26. Stone NJ, Robinson J, Lichtenstein AH, Merz CNB, Blum CB, Eckel RH, et al. 
ACC/AHA guideline on the treatment of blood cholesterol to reduce athero-
sclerotic cardiovascular risk in adults. J Am Coll Cardiol. 2014;63(25):2889-934.

27. Moriarty PM, Thompson PD, Cannon CP, Guyton JR, Bergeron J, Zieve FJ, et al. 
Efficacy and safety of alirocumab vs ezetimibe in statin-intolerant patients, with 
a statin rechallenge arm: The ODYSSEY ALTERNATIVE randomized trial. J Clin 
Lipidol. 2015;9(6):758-69. 

28. Kastelein JJP, Kereiakes DJ, Cannon CP, Bays HE, Minini P, Lee LV, et al. Effect of 
alirocumab dose increase on LDL lowering and lipid goal attainment in patients 

with dyslipidemia. Coron Artery Dis. 2017;28(3):190-7. 

29. Pecin I, Hartgers ML, Hovingh GK, Dent R, Reiner Z. Prevention of cardiovascular  

disease in patients with familial hypercholesterolaemia: The role of PCSK9  

inhibitors. Eur J Prev Cardiol. 2017;24(13):1383-401.

30. Roth EM, Taskinen MR, Ginsberg HN, Kastelein JJP, Colhoun HM, Robinson JG,  

et al. Monotherapy with the PCSK9 inhibitor alirocumab versus ezetimibe in  

patients with hypercholesterolemia: Results of a 24 week, double-blind,  

randomized Phase 3 trial. Int J Cardiol. 2014;176(1):55-61. 

31. Xu R-X, Li S, Zhang Y, Li X-L, Guo Y-L, Zhu C-G, et al. Relation of plasma PCSK9  

levels to lipoprotein subfractions in patients with stable coronary artery  

disease. Lipids Health Dis. 2014;13(1):188. 

32. Stroes E, Guyton JR, Lepor N, Civeira F, Gaudet D, Watts GF et al. Efficacy and 

Safety of Alirocumab 150  mg Every 4  Weeks in Patients With Hypercholes-

terolemia Not on Statin Therapy: The ODYSSEY CHOICE II Study. J Am Heart 

Assoc. 2016;5(9):1-10


