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Introduction

Lipid lowering therapy with statins has been shown to 
reduce major adverse cardiovascular events (MACE) in 
numerous randomized controlled trials (RCTs) (1). High 
intensity statin therapy is recommended for secondary 
prevention of atherosclerotic cardiovascular disease 

(ASCVD) (2). A meta-analysis involving all the lipid 
lowering trials showed significant benefit with statin in 
preventing myocardial infarction (MI), stroke, and CV 
mortality (1). Studies involving non-statin agents like niacin 
have failed to show significant benefit (3). IMPROVE IT 
study showed that adding ezetimibe to statin therapy leads 
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to reduction in MI and stroke but no effect on CV or all-
cause mortality (4). Proprotein convertase subtilisin/kexin 
type 9 inhibitors (PCSK9Is) like evolocumab, alirocumab 
and the discontinued bococizumab cause marked reduction 
in LDL-cholesterol (LDL-C) when added to statin therapy 
(5-7). Phase III studies have demonstrated that these agents 
cause marked reduction in LDL-C with no significant 
adverse effects (5). We performed a meta-analysis to 
evaluate the effect of PCSK9Is use on outcomes.

Methods

This  s tudy was  performed fol lowing procedures 
recommended by Cochrane collaboration (8) and is 
reported in accordance with recommendations set forth by 
Preferred Reported Items for Systematic Reviews and Meta-
analyses (PRISMA) statement (8). Study endpoints included: 
major adverse cardiovascular events (MACE), myocardial 
infarction (MI), stroke, coronary revascularization, 
cardiovascular (CV) mortality and all-cause mortality.

Search methods

Embase, Medline and the Cochrane Central Register 
of Controlled Trials (CENTRAL) were searched for 
abstracts between January 2000 and March 2017. Different 
combinations of words were used for searching including: 
PCSK9Is, clinical outcomes of PCSK9Is, cardiovascular 
prevention and new cholesterol lowering agents.

Inclusion criteria included:
(I) Published data that at least reported one of the 

following clinical outcomes: MACE, MI, stroke, 
coronary revascularization, CV mortality and all-
cause mortality;

(II) Randomized controlled trials;
(III) Double armed studies;
(IV) Studies that reported clinical outcomes of PCSK9Is 

compared to control placebo group;
(V) Phase III trials.
Exclusion criteria included:
(I) Unpublished data;
(II) Single armed studies and case series;
(III) Studies not reporting the intended outcomes of this 

study;
(IV) Trials in phase other than phase III;
(V) Studies comparing PCSK9Is to other medications 

rather than placebo.
Two reviewers (Rugheed Ghadban & Tariq Enezate) 

screened abstracts and titles to identify studies that 
qualified for review. We obtained the full manuscript for 
detailed review of studies meeting our inclusion criteria. 
Furthermore, the bibliographic references of identified 
review articles, meta-analyses and RCTs were screened, in 
order to identify RCTs not found by the electronic search.

Studies identification

An English-language literature search was conducted using 
data sources mentioned in the study methods. Original 
papers irrespective of randomization were included. The 
initial search identified 212 citations of which 163 were 
excluded by reviewing titles and abstracts. We finally 
identified six RCTs from five original papers that satisfied 
the inclusion criteria of our study (Figure 1).

Data collection and extraction

Two reviewers (Rugheed Ghadban & Tariq Enezate) 
extracted data from the included RCTs based on pre-
identified elements including the aim of each RCT, sample 
size, patient baseline characteristics, studies design, and type 
of endpoint measures including CV and all-cause mortality, 
MACE, MI, stroke, and coronary revascularization. The 
number of events in each study was documented when 
available. Table 1 depicts patients’ baseline characteristics as 
well as studies’ description and outcomes.

Risk of bias assessment

Methodological quality was defined as the control of bias 
assessed through the reported methods in each individual 
study using Cochrane Risk of Bias Tool to assess the 
quality of RCTs (9). Two independent reviewers (Rugheed 
Ghadban & Tariq Enezate) determined the quality of the 
included studies by examining risk of bias tool components. 
There was no evidence of high risk bias in regards to 
population selection, randomization, concealment allocation 
and baseline characteristics. However, there was a concern 
for inadequate follow up in ODYSSEY trial as more than 
20% of patients were lost to follow up, also there was lack 
of blinding in OSLER, and attrition bias because of early 
termination of SPIRE 1 & 2 (5-7) (Table 1, Figure 2). No 
publication bias was found by noticing symmetry of the 
funnel plot (Figure 3) which provides a better display by 
spreading out the smaller studies on the bottom half of the 
plot, but has no bearing on the statistics.
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Statistical analysis and data synthesis

Risk ratio (RR) was calculated using the inverse variance 
method for each outcome which allowed for pooling of 
similar outcomes. The average effects for the outcomes 
and 95% confidence intervals (CI) were obtained using a 
random effects model, as described by DerSimonian (10). 
The I2 statistic was used to assess the heterogeneity of 
treatment effect across studies that cannot be explained by 
random error or chance. A value of 50% or more indicates a 
significant heterogeneity that is the result of real differences 
in study populations, protocols, interventions and  
outcomes (10). A P value of 0.05 was used as a threshold 
for statistical significance for effect sizes. Analyses were 
conducted using features on RevMan version 5.3.5 (The 
Nordic Cochrane Center, Copenhagen, Denmark).

Methods for including both-armed zero events

In the case of zero events for an outcome in both groups 
simultaneously, we utilized a continuity factor of 1 due 
to the fact that RevMan software does not differentiate 
between “lack of data” (where no data reported) and “zero 
events” (which means that no events have occurred during 
the follow-up period). To solve this limitation, we added 
number 1 to all arms where event rates were zero in both 
experiment and control groups. This simple mathematical 
correction, will correct for zero events without affecting 
the accuracy of the statistical calculations and parameters to 
avoid computational errors (11).

Studies reporting no outcomes were not included in the 
analysis.

Results

A total of 60,029 patients (mean age 61 years, 73% were 
males) were included from six RCTs between year of 2015 
and 2017 (5-7,12,13). All included patients had evidence 
of atherosclerotic disease, defined as history of coronary 
artery disease, non-hemorrhagic stroke and/or peripheral 
artery disease. Patients were comparable in both groups 
in terms of co-morbidities, atherosclerotic risk factors 
like hypertension and diabetes mellitus. The percentage 
of patients who were on statins was comparable between 
the two groups, although different statins at different 
doses were used. Non-statin therapies like ezetimibe were 
allowed.

All studies reported incidence of MACE, MI and need 
for coronary revascularization. In comparison to control 
group, PCSK9Is group was associated with lower risk of 
MACE (RR =0.81, 95% CI, 0.70–0.93, P=0.003), MI (RR = 
0.78, 95% CI, 0.63–0.97, P=0.03) and need for coronary 
revascularization (RR =0.79, 95% CI, 0.73–0.86, P<0.00001) 
(Figures 4-6). Five out of six studies reported risk of stroke, 
there was lower risk of stroke in PCSK9Is group (RR =0.74, 
95% CI, 0.64–0.87, P=0.0002) (Figure 7).

All studies reported CV mortality, while four out of 
six studies reported all-cause mortality. There was no 
significant difference observed between both groups in 
regards to CV mortality (RR =0.98, 95% CI, 0.78–1.22, 
P=0.83) or all-cause mortality (RR =1.01, 95% CI, 0.86–
1.20, P=0.86) (Figures 8,9).

The random effects method was chosen as primary 
analysis because of its conservative summary estimate 
and incorporation between and within study variance. By 
using the fixed effect method, results remained unchanged. 
Sensitivity analyses were performed to assess the effects of 
selected measures of studies design on the pooled effect of 
PCSK9Is on clinical outcomes of atherosclerotic disease. 
The influence was estimated by performing a subgroup 
analysis and test for subgroup differences. The sub-analysis 
was performed after excluding the early terminated studies, 
the results remained consistent and unchanged from the 
overall analysis results on the six studies. When analysis was 
performed again after excluding the study with the largest 
population (i.e., FOURIER), results showed reduced risk 
for MACE and stroke in patients treated with PCSK9Is 
compared to control group, with no change in risk for MI, 

212 citations obtained by the search strategy

163 citations excluded by 
screening titles/abstracts

43 articles excluded due to not 
meeting inclusion criteria or 

investigating different outcome

49 Full-text articles assessed for 
eligibility

6 studies met the inclusion criteria

Figure 1 Data flow chart diagram.



601Cardiovascular Diagnosis and Therapy, Vol 7,No 6 December 2017

© Cardiovascular Diagnosis and Therapy. All rights reserved. Cardiovasc Diagn Ther 2017;7(6):598-606cdt.amegroups.com

revascularization, CV mortality or all-cause mortality.

Discussion

PCSK9Is have shown to significantly reduce the level of 
LDL-C in preliminary trials which also demonstrated safety 
of this new generation of medications (14). A meta-analysis 
published in 2015 reported more than 50% reduction in 
LDL levels with no significant difference in adverse effects 

compared to control groups (14). However, the most recent 
AHA/ACC guidelines published in 2013 recommend no 
target LDL-C level to be achieved for primary or secondary 
prevention (2), therefore trials focusing on clinical outcomes 
have been done and some are ongoing. The question of 
whether further LDL-C reduction on top of that seen with 
statins is associated with improvement in clinical endpoints 
had to be answered. In 2016, the GLAGOV trial reported 
not only reduction in LDL-C levels, but also regression in 

Table 1 Studies type and patient characteristics

Study/year FOURIER 2017 GLAGOV 2016
ODYSSEY LONG 

TERM 2015
OSLER 2015 SPIRE-1 2017 SPIRE-2 2017

Study type RCT RCT RCT RCT RCT RCT

Blinding Double blinded Double blinded Double blinded Open label Double blinded Double blinded

Follow up (months) 26 17.9 19.7 11.1 10 10

Total (n) 27,564 968 2,341 4,465 16,817 10,621

Groups (n)

PCSKI† 13,784 484 1,553 2,976 8,408 5,312

Control 13,780 484 788 1,489 8,409 5,309

Age (years)

PCSKI 62.5 59.8 60.4 57.8 63.3 62.2

Control 62.5 59.8 60.6 58.2 63.3 62.6

Male, n (%)

PCSKI 10,397 (75.4) 349 (72.1) 983 (63.3) 1,490 (50.1) 6,197 (73.7) 3,501 (65.9)

Control 10,398 (75.5) 350 (72.3) 474 (60.2) 765 (51.4) 5,903 (70.2) 3,456 (64.9)

Previous CAD (%)

PCSKI – – 1,055 (67.9) 589 (19.8) – –

Control – – 552 (70.1) 307 (20.6) – –

Previous MI (%)

PCSKI 11,145 (80.9) 169 (34.9) – 276 (9.3) – –

Control 11,206 (81.3) 171 (35.3) – 141 (9.5) – –

Previous DM (%)

PCSKI 5,054 (36.7) 98 (20.2) 542 (34.9) 382 (12.8) 4,061 (48.3) 2,539 (47.8)

Control 5,027 (36.5) 104 (21.5) 267 (33.9) 217 (14.6) 3,943 (46.9) 2,477 (46.1)

Previous HTN (%)

PCSKI 11,045 (80.1) 398 (82.2) – 1,545 (51.9) 6,827 (81.2) 4,319 (81.3)

Control 11,039 (80.1) 405 (83.7) – 777 (52.2) 6,761 (80.4) 4,226 (79.6)
†, proprotein convertase subtilisin/kexin type 9 inhibitors; CAD, coronary artery disease; MI, myocardial infarction; DM, diabetes mellitus; 
HTN, hypertension; RCT, randomized controlled trials.



602 Ghadban et al. Clinical outcomes of PCSK9Is

© Cardiovascular Diagnosis and Therapy. All rights reserved. Cardiovasc Diagn Ther 2017;7(6):598-606cdt.amegroups.com

plaque at 76 weeks in greater percentage of patients when 
adding evolocumab to statins. This was followed by the 
recently published FOURIER trial (12), which was powered 
for clinical outcomes and included more than 27,000 
patients. They reported that the addition of evolocumab 
to statin significantly decreased the incidence of major CV 
events while there was no significant reduction in mortality 
compared to statin group.

We conducted a meta-analysis looking at the clinical 
outcomes of PCSK9Is. Many meta-analyses (15-20) were 
published comparing PCSK9Is to either placebo or other 
medications including (statins and ezetimibe), however to 
the best of our knowledge, our meta-analysis is the first on 
this topic to include all three RCTs available to date that are 

powered to assess clinical outcomes of interest (FOURIER 
and SPIRE 1 & 2) (7,12), while including only phase III 
trials. In addition to that, given the fact that statins are the 
standard of care in high risk patients, we opted to choose 
studies comparing PCSK9Is to placebo rather than statins, 
as it appears that PCSK9Is will play an important role as an 
addition rather than a replacement to the current standard of 
care therapy in patients at high risk for CVD. We did not aim 
to evaluate the effect on lowering LDL as this was studied 
extensively. We included six trials, three of which primarily 
reported the clinical outcomes of interest (7,12). Three 
out of six trials studied evolocumab (5,12,13), two studied 
bococizumab (7) and only one looked at alirocumab (6).  
There was a total of 92,004 patient-years of observation 
and follow up across all the trials included. We found a 
significant 19% reduction in MACE, 21% reduction in 
coronary revascularization and 22% reduction in MI, without 
a significant reduction in CV or all-cause mortality (P=0.86 
and 0.86 respectively). This reduction in events is in line with 
the Cholesterol Treatment Trialists observation that there 
is a 22% reduction in MACE for every 39 mg/dL reduction 
in LDL-C (21). The FOURIER trial reported a 54 mg/dL 
decrease in LDL-C level on evolocumab and a 21% to 27% 
reduction in MI, stroke and coronary revascularization (12).

As previously mentioned, the SPIRE 1 & 2 trials were 
terminated early due to the decision of the manufacturer 
to discontinue the production of bococizumab. The high 
percentage of antidrug antibodies formed in patients 
receiving bococizumab is reported to have attenuated the 
LDL-C level lowering ability of the medication and maybe 
affected the clinical outcomes. Antidrug antibodies do 
not seem to be an issue with evolocumab or alirocumab 

Figure 2 Risk of bias graph.
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Figure 3 Funnel plot of standard error by log risk ratio. This 
figure shows symmetry in study distribution around vertical line 
indicating no significant publication bias exists.
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(7,13,22). Therefore, a sub-analysis was performed 
excluding the SPIRE trials with no changes in results.

The significant reduction in MACE with no reduction 
in mortality, specifically CV related death might be due 
to the relatively short period of follow up in the included 
studies. There is a well documented delay between lowering 
LDL levels and the presence of positive clinical outcome 
in patients treated with statins and ezetimibe (4,17). 
Similarly, the OSLER and ODYSSEY LONG TERM 
trials, suggested that PCSK9Is significantly decreased the 
risk for MACE with progressively diverged cumulative 
incidence curves with time (5,6). Keeping in mind that the 
clinical outcomes were only exploratory in these two trials. 
Noteworthy, a meta-analysis of trials comparing intensive 
statin therapy with moderate intensity dosing also did not 
show a mortality benefit (23). Finally, the recently published 
FOURIER trial showed increase in risk reduction over 
time during the 2 years follow up period for combined end 
point. There was no effect on CV mortality of all causes 
mortality (12). Therefore, it is not yet known and remains 

to be determined if a longer duration of follow-up will show 
the difference in outcomes related to mortality. The results 
from the ongoing ODYSSEY OUTCOMES trial are 
awaited. This trial will include more than 18,000 patients 
who had acute coronary syndrome and will be followed for 
4 years to assess long term morbidity and mortality benefit 
from adding PCSK9Is to statin (24).

Limitations

First of all, the analysis was performed on published results 
of the studies and not on patient level data.

Second, follow up for the included trials was relatively 
short with significant variation across trials.

The follow up was as short as 11 months in the OSLER 
trial (5), in addition to premature termination of the SPIRE 
trials (median follow up was 10 months) (7). On the other 
hand, the follow up in the FOURIER trial was 26 months (12).  
The short follow up in most of the trials, might have resulted 
an underestimation of the benefit in clinical outcomes 

Figure 4 Forest plot shows lower major adverse cardiovascular events in PCSK9I group.

Figure 5 Forest plot shows lower myocardial infarction in PCSK9I group.
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Figure 6 Forest plot shows lower coronary revascularization in PCSK9I group.

Figure 7 Forest plot shows lower stroke in PCSK9I group.

including mortality. Short-term versus long-term outcome 
comparison was not done due to the fact that all studies, except 
for the FOURIER trial, had relatively short follow up period.

Also, while five out of six trials included were double-
blinded, the OSLER trial which constituted more than 
7% of total included patients was an open-label trial which 
could have affected event reporting rate (5). In addition, 
there was significant heterogeneity in some aspects of 
patients’ characteristics, most importantly in background 
lipid lowering therapy. The percentage of patients who 
were on high intensity statin therapy, which is the treatment 
recommended for high risk population (2), ranged from 
26.7% to 91.7% of total studies’ patients (5,7). This is an 
important factor due to the fact that statin is known to 
increase the level of PCSK9, therefore PCSK9Is might have 
a synergistic effect when added to statin (14). Moreover, 
as previously mentioned, the outcomes looked at in this 
meta-analysis, were exploratory endpoints in three of the 
included trials, and primary endpoints in the other three, 
two of which were prematurely terminated (7,12). It is 

also important to mention that the discontinuation rate 
was high in some of the included trials. In the FOURIER 
trial, which is the largest study included in our analysis, the 
rate of discontinuation was up to 12.5% in both therapy 
and placebo arms (12). This rate was even higher in the 
ODYSSEY LONG TERM trial with up to 28.2% in the 
therapy group and 24.5% in the placebo group. Education 
about the benefits of taking the medication and injection 
site reactions might help with treatment adherence (6). 
Although PCSK9Is have shown to reduce LDL-C and 
improve clinical outcomes, the cost-effectiveness of these 
medications is yet to be determined. The availability of high 
potency statins, including atorvastatin and rosuvastatin as 
generic formulation has made them cost-effective (25,26).

Conclusions

PCSK9I use is associated with reduction in MACE, MI, 
coronary revascularization, and stroke but is not associated 
with reduction in all-cause mortality or CV mortality. 
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PCSK9Is should be strongly considered to improve clinical 
outcomes in patients at high risk for atherosclerotic CVD. 
Future research is needed to help better assess long-term 
clinical outcomes including mortality.
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