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Abstract. Evolocumab has been considered as an efficacious, 
safe and promising therapeutic modality for hyperchol-
esterolemia and is associated with cardiovascular diseases. 
The efficacy and safety of two different doses of evolocumab 
were evaluated and the safety of evolocumab was compared 
with that of a placebo and ezetimibe. PubMed and EMBASE 
databases were searched and randomized controlled trials 
that examined the effect and safety of evolomucab compared 
with a placebo and ezetimibe were retrieved. Two authors 
independently performed article reviews and study quality 
evaluations. Odds ratios (ORs) were calculated using a fixed or 
random‑effects model [95% confidence intervals (CIs)]. In the 
direct comparison, a significant reduction was observed in the 
muscle-associated events compared with ezetimibe [OR=0.54 
(95% CI, 0.31-0.93); P (Z)=0.03, P (Q)=0.43, I2=0%]. In the 
adjusted indirect comparison of evolocumab 140 mg Q2W 
vs. evolocumab 420 mg Q4W, no significant differences in 
efficacy [OR=1.04 (95% CI, 0.55‑1.99); P (Z)=0.90] or adverse 
events [OR=1.08 (95% CI, 0.66-1.74); P (Z)=0.76] were 
identified. The funnel plots of these direct comparison studies 
indicated that there was no publication bias. The results of 
this meta‑analysis demonstrate that evolocumab significantly 
reduced low-density lipoprotein cholesterol levels, and no 
difference was noted between evolocumab 140 mg Q2W and 
evolocumab 420 mg Q4W. Furthermore, evolocumab had 
fewer muscle-associated events than ezetimibe.

Introduction

Reduction in low-density lipoprotein cholesterol (LDL-C) 
levels has been included in practice guidelines as a fundamental 
method of reducing cardiovascular events and mortality. 
Based on previous studies, statin therapy has been considered 

as a first‑line treatment strategy for targeting atherosclerotic 
cardiovascular disease (1-4). While receiving moderate- or 
high-intensity statin therapy, numerous patients were unable to 
achieve LDL-C concentrations <70 mg/dl. In addition, certain 
patients terminated statin therapy due to their inability to 
tolerate the effective doses and experiencing adverse events. 
Therefore, non-statin therapy for LDL-C reduction has been 
considered, and novel effective medication and treatment 
strategies for reducing LDL-C levels have become a focus of 
research.

During the past 3 years, monoclonal antibodies, which 
inhibit proprotein convertase subtilism/kexin type 9 (PCSK9), 
have emerged as a novel class of therapeutic agent that target 
LDL-C levels (5). Evolocumab, a fully human monoclonal 
antibody, effectively reduced LDL-C levels and has been inves-
tigated in phase 3 trials (6-10). In these trials, the patients were 
randomized to groups of placebo, ezetimibe, 140 mg Q2W or 
420 mg Q4W evolocumab. When compared with the control 
group, the two different doses of evolocumab significantly 
reduced the LDL-C levels. However, to the best of our knowl-
edge, there are no studies that demonstrate different outcomes 
between the two different doses of evolocumab. In the current 
adjusted indirect meta‑analysis, the efficacy and safety of two 
different doses of evolocumab were evaluated.

Materials and methods

Literature search strategy. PubMed (https://www.ncbi.nlm.
nih.gov/pubmed) and Embase (https://www.embase.com) 
were searched from January 2000 to April 2015, utilizing 
the following search terms without language restrictions: 
(Randomized trial OR clinical trial) AND blind OR random 
AND control (placebos OR ezetimibe) NOT (comment OR 
editorial OR meta-analysis OR letter) AND (proprotein conver-
tase subtilisin/kexin type 9 OR PCSK9) inhibitor (evolocumab 
OR AMG145) AND (140 mg Q2W OR 420 mg Q4W) AND 
efficacy (LDL‑C level OR LDL‑C concentration) OR safety 
OR tolerability. Two reviewers (C.C. and S.S.) evaluated the 
identified titles, and the manuscripts were retrieved when the 
reviewers deemed them to be potentially relevant. The results 
were evaluated to determine whether data on PCSK9 inhibi-
tors had been reported.

Study selection. The review included high quality studies 
fulfilling the following inclusion criteria: i) Randomized, 
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controlled phase 3 trial comparing evolocumab, placebo or 
ezetimibe, with a follow-up of 12 months; ii) the report supplied 
data on the rate of patients who achieved LDL-C concentra-
tions <70 mg/dl or data on the percentage of adverse events; 
iii) analysis was performed on evolocumab 140 mg Q2W and 
420 mg Q4W; iv) when different studies reported on the same 
population, the study that included a larger sample size and 
performed evaluation using more comprehensive methods was 
included.

Data extraction. The following data elements were extracted 
from each report according to a fixed protocol: Author, publi-
cation year, study design, characteristics of trial participants, 
median follow-up, mean age, and ratio of males, females, 
diabetes cases, smokers and hypertension cases, as well as data 
regarding efficacy and safety separated by the different doses 
of evolocumab. For studies with more than one control group, 
the most appropriate control group was used. Two authors 
(C.C. and S.S.) independently conducted the data extraction, 
and any disagreement was resolved by discussion.

End‑points and definitions. The efficacy end‑point was the 
percentage of patients who achieved LDL-C concentrations 
<70 mg/dl (1.8 mmol/l). The primary safety end-point was 
the rate of any adverse events. The secondary safety end-point 
included back pain, headache, nasopharyngitis, muscle-associ-
ated events and potential injection-site reactions. All missing 
data from studies were obtained from supplements.

Statistical analysis. Random-effect odds ratios (ORs) and 
95% confidence intervals (CIs) were calculated using Review 

Manager 5.3 (Copenhagen: The Nordic Cochrane Centre, 
The Cochrane Collaboration, Denmark), and the outcomes 
that demonstrated a smaller heterogeneity (I2<50%, χ2 test; 
two‑tailed P<0.1) were confirmed by a fixed‑effects model 
to avoid small studies being overly weighted. Two-tailed 
P<0.05 was considered to indicate a statistically significant 
difference (11,12). Secondly an Indirect Meta-analysis 
Tool (Metcardio; Turin, Italy) was used for the adjusted 
indirect comparison according to Song et al (13). Pooled 
OR (comparing evolocumab 140 mg Q2W or evolocumab 
420 mg Q4W vs. placebo) and interaction OR for evolocumab 
140 mg Q2W or evolocumab 420 mg Q4W was calculated. 
In addition, pertinent 95% CI and Z scores for two-tailed 
hypothesis testing were calculated (P<0.05 was considered to 
indicate a statistically significant difference). The interaction 
ORevolocumab 140 mg Q2W vs. evolocumab 420 mg Q4W was calculated as 
follows: ln (ORevolocumab 140 mg Q2W vs. evolocumab 420 mg Q4W)=ln 
(ORevolocumab 140 mg Q2W vs. placebo) - ln (ORevolocumab 420 mg Q4W vs. placebo), 
and var [ln (ORevolocumab 140 mg Q2W vs. evolocumab 420 mg Q4W)] = var [ln 
(ORevolocumab 140 mg Q2W vs. placebo)] + var [ln (ORevolocumab 420 mg Q4W 

vs. placebo)], where ln is the natural logarithm, and var is the 
variance.

For the direct meta-analysis, a funnel plot was generated 
for assessment of publication bias; in addition, sensitivity 
analysis was conducted by removing the study one by one 
when a significant heterogeneity was observed.

Results

Study selection and characteristics. The initial search identi-
fied 275 reports from PubMed and Embase. After screening 

Figure 1. Study flow chart.
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the titles and abstracts, 15 articles (6-10,14-23) were selected 
and underwent further full‑text identification. Subsequently 
five studies (14,20‑23), which were phase 2 studies, were 
excluded; three studies (15-17) were regarding alirocumab, 
two (18,19) included data on the same population, and one 
study (6) did not include 12-month outcomes (Fig. 1). Four 
publications (7-10) were included in the current meta-anal-
ysis. Three studies (7,8,10) were included in the indirect 
comparison of evolocumab 140 mg Q2W and evolocumab 
420 mg Q4W without the Goal Achievement after Utilizing 
an Anti-PCSK9 Antibody in Statin Intolerant Subjects 
(GAUSS-2 trial) (9), which did not include a placebo group. In 
the safety analysis, the RUTHERFORD-2 Investigators (10) 
were excluded, as it does not contain precise data on 
placebo and ezetimibe groups. The details are presented in 
Tables I and II.

Statistical analysis. In the direct comparison, the 
meta-analytic pooling implied that evolocumab markedly 
reduced the LDL-C level to <70 mg/dl (1.8 mmol/l) when 
compared with the placebo [OR=70.86, 95% CI, 51.28-97.91; 
P (Z)<0.01, P (Q)=0.82, I2=0%] (Fig. 2), without significant 
differences noted in adverse events [OR=1.09, 95% CI, 
0.86-1.39; P (Z)=0.47, P (Q)=0.65, I2=0%] (Fig. 3), back 
pain [OR=0.92, 95% CI, 0.49-1.72; P (Z)=0.79, P (Q)=0.18, 
I2=38%], headache [OR=0.84, 95% CI, 0.50‑1.42; P (Z)=0.52, 
P (Q)=0.69, I2=0%], nasopharyngitis [OR=1.60, 95% CI, 
0.71-3.60; P (Z)=0.26, P (Q)=0.85, I2=0%], muscle‑associated 
event [OR=1.24, 95% CI, 0.52-2.93; P (Z)=0.63, P (Q)=0.26, 
I2=25%] and potential injection‑site reactions [OR=1.22, 
95% CI, 0.61-2.43; P (Z)=0.57, P (Q)=0.30, I2=19%]. All the 
data on comparison of evolocumab 140 mg Q2W vs. placebo 
or evolocumab 420 mg Q4W vs. placebo are presented 
in Table III. A head-to-head comparison of evolocumab 
140 mg Q2W vs. evolocumab 420 mg Q4W demonstrated 
no significant differences in the efficacy [OR=1.04, 95% CI, 
0.55-1.99; P (Z)=0.90] and the risk of back pain [OR=1.48, 
95% CI, 0.15-14.53; P (Z)=0.73], headache [OR=0.68, 95% CI, 
0.23-2.06; P (Z)=0.50], nasopharyngitis [OR=1.28, 95% CI, 
0.24-6.82; P (Z)=0.77], muscle‑associated events [OR=4.43, 
95% CI, 0.32-59.31; P (Z)=0.27], potential injection‑site 

reactions [OR=2.09, 95% CI, 0.34-12.71; P (Z)=0.42] and 
any adverse events [OR=1.08, 95% CI, 0.66-1.74; P (Z)=0.76] 
(Table IV).

In the overall safety analysis, a significant reduction 
was observed in the muscle-associated events compared 
with ezetimibe [OR=0.54, 95% CI, 0.31-0.93; P (Z)=0.03; 
P (Q)=0.43, I2=0%]. No obvious difference in the risk 
of headache [OR=0.77, 95% CI, 0.48-1.24; P (Z)=0.27, 
P (Q)=0.72, I2=0%], nasopharyngitis [OR=1.09, 95% CI, 
0.41-2.89; P (Z)=0.87, P (Q)=0.88, I2=0%], potential injec-
tion-site reactions [OR=0.80, 95% CI, 0.47-1.36; P (Z)=0.41, 
P (Q)=0.23, I2=32%] and any adverse events [OR=0.87, 
95% CI, 0.74-1.04; P (Z)=0.13, P (Q)=0.75, I2=0%] (Fig. 4). 
The subgroup analysis showed the same results, in the 
placebo and ezetimibe groups. The outcomes are presented 
in Table V.

Publication bias and sensitivity analysis. The funnel plots 
of these direct comparison studies indicated no evidence of 
publication bias, therefore are not included in the present study. 
Furthermore, the sensitivity analysis in the direct comparison 
was conducted by removing the largest study when a signifi-
cant result was observed, the results remained unchanged (data 
not shown).

Discussion

The results of the current meta-analysis indicated that 
evolocumab was associated with a reduced r isk of 
muscle-associated events when compared with ezetimibe, 
and different doses of evolocumab resulted in the same 
outcomes with regard to efficacy and safety. In the direct 
meta-analysis, the two doses of evolocumab appeared 
to exert a significant LDL-C lowering effect. As a fully 
human monoclonal antibody, evolocumab offers promising 
therapeutic applications in the control of PCSK9-regulated 
pathologies; inhibiting direct binding of PCSK9 and 
LDL receptors, reducing the degradation of the receptor, 
increasing LDL receptor activity on the hepatocyte 
surface and, ultimately, improving the uptake of plasma 
lipoprotein (24,25). Within the above-mentioned mechanism, 

Table I. Characteristics of included studies.

 Study
 -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Characteristic LAPLACE-2 MENDEL-2 GAUSS-2 RUTHERFORD-2

First autor (Ref.) Robinson et al (7) Koren et al (8) Stroes et al (9) Raal et al (10)
Year 2014 2014 2014 2015
Patients (n) 1,896 614 307 329
Median follow-up (weeks) 12 12 12 12
Age (years) 59.8 53.2 61.7 51.2
Males (%) 54.2 31.1 54.1 42.2
Diabetes (%) 15.5   0.2 20.2 NA
Smoker (%) NA 11.7   7.8 NA
Hypertension (%) NA 28.7 58.9 NA
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evolocumab has demonstrated significant reduction in LDL‑C 
levels (6-10). Furthermore, in the current safety analysis, a 
significant difference was observed in the muscle‑associated 
events group when the evolocumab group was compared 
with the ezetimibe group, which suggested that evolocumab 
was associated with fewer muscle-associated events than 
ezetimibe. Therefore, evolocumab was demonstrated to be 
safe and well tolerated.

In previous phase 1 and phase 2 trials (14,26), no 
significant differences were identified in efficacy between 
the intravenous and subcutaneous groups, and evolocumab 
was characterized by a dose-dependent LDL-C reduction 
in terms of effect and duration. The higher the dosage that 
patients take, the longer the duration of the effect. Therefore, 
two doses are commonly administered; 140 mg evolocumab, 
subcutaneously, every 2 weeks and 420 mg evolocumab, 
subcutaneously, every 4 weeks. The head-to-head comparison 
of evolocumab 140 mg Q2W vs. evolocumab 420 mg Q4W 
indicated no significant differences in efficacy and any adverse 
events, including back pain, headache, nasopharyngitis, 
muscle-associated events and potential injection-site reactions. 
This high-dosage, long-interval administration of evolocumab 
420 mg Q4W is desirable. The results imply that clinicians 
should preferentially administer evolocumab 420 mg Q4W in 
order to improve patient compliance and convenience. As there 
was no direct evidence of a comparison between evolocumab 
140 mg Q2W and evolocumab 420 mg Q4W, an adjusted 
indirect comparison was made in the present study to evaluate 
the efficacy and safety of different doses of evolocumab. 
Random errors are sources of discrepancies between the 
direct and the adjusted indirect comparison. As the adjusted 
indirect comparison widens the confidence interval, infre-
quent significant differences may be caused. Therefore, there 
remains a lack of direct evidence as to whether evolocumab 
140 mg Q2W and evolocumab 420 mg Q4W possess different 
efficacy and safety.

However, there are various key issues that require 
attention with regard to investigating PCSK9 inhibitors. It 
remains to be elucidated as to whether a reduction in LDL-C 
levels using a PCSK9 inhibitor may result in a reduction 
in cardiovascular events. Therefore, long-term, extensive, 
randomized clinical trials with definite cardiovascular 
endpoints are required. In addition, a long-term follow-up 
of security and tolerance is required to establish whether 
PCSK9 inhibitors elicit an immune response, which may 
lead to a loss of responsiveness to treatment. Furthermore, 
although injectable treatment reduces the dosing frequency, 
patient acceptance levels should be considered and relevant 
guidance is required. Finally, monoclonal antibodies are 
expensive, which presents a limitation for their clinical 
application.

In conclusion, according to the current meta-analysis 
outcomes, evolocumab presents as an efficacious, safe and 
promising therapeutic strategy for hypercholesterolemia and 
the associated cardiovascular diseases. The head-to-head 
comparison of evolocumab 140 mg Q2W vs. evolocumab 
420 mg Q4W indicated no significant differences in efficacy 
and adverse events. Furthermore, in the safety analysis, 
evolocumab had a reduced risk of muscle-associated events 
when compared with ezetimibe and the placebo groups.
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Figure 2. Efficacy of two different doses of evolocumab in reducing the level of low‑density lipoprotein cholesterol to <70 mg/dl (1.8 mmol/l) when compared 
with a placebo. CI, confidence interval.

Table III. All pooled ORs comparing evolocumab 140 mg Q2W or evolocumab 420 mg Q4W vs. placebo [the fixed‑model was 
used for smaller heterogeneity (I2<50%, χ2 test; two‑tailed P<0.1), otherwise the random model was used].

Variable OR 95% CI χ2 Freedom OR 95% CI χ2 Freedom

Efficacy 72.35 (46.09‑113.97) 0.92 2 69.39 (43.65‑110.31) 1.23 2
Adverse events   1.13 (0.81-1.56) 2.29 2   1.05 (0.74-1.50) 0.98 2
Back pain   1.29 (0.51-3.23) 0.21 1   0.87 (0.11-7.15) 3.21 1
Headache   0.76 (0.33-1.36) 1.45 2   1.11 (0.50-2.46) 0.80 2
Nasopharyngitis   1.85 (0.51-6.80) 0.05 1   1.44 (0.50-4.10) 0.66 1
Muscle-associated events   2.17 (0.24-19.59) 2.07 1   0.50 (0.12-2.02) 0.51 1
Potential injection-site reactions   1.90 (0.62-5.85) 0.41 1   0.91 (0.22-3.73) 2.10 1

OR, odds ratio; CI, confidence interval.

Figure 3. Safety of two different doses of evolocumab in any adverse events compared with a placebo. CI, confidence interval.
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Figure 4. Forest plots of odds ratio with 95% CI for the safety of evolocumab in any adverse events compared with a placebo and ezetimibe. CI, confidence 
interval.

Table IV. Adjusted indirect comparison of evolocumab 140 mg Q2W vs. evolocumab 420 mg Q4W.

Variable Odds ratio 95% confidence interval Z score Two‑tailed P‑value

Efficacy 1.04 (0.55‑1.99) 0.13 0.90
Adverse events 1.08 (0.66-1.74) 0.30 0.76
Back pain 1.48   (0.15-14.53) 0.34 0.73
Headache 0.68 (0.23-2.06) 0.67 0.50
Nasopharyngitis 1.28 (0.24-6.82) 0.29 0.77
Muscle-associated events 4.43   (0.32-59.31) 1.10 0.27
Potential injection-site reactions 2.09   (0.34-12.71) 0.80 0.42

Table V. Evolocumab safety outcomes.

 Evolocumab vs. placebo Evolocumab vs. ezetimibe Evolocumab vs. control
 ------------------------------------------------------------------------ ---------------------------------------------------------------------- ----------------------------------------------------------------------
 OR 95% CI P (Q) P (Z) OR 95% CI P (Q) P (Z) OR 95% CI P (Q) P (Z)

Adverse events 0.88 (0.72-1.09) - 0.25 0.85 (0.63-1.17) 0.46 0.32 0.87 (0.74-1.04) 0.75 0.13
Headache 0.63 (0.32-1.24) - 0.18 0.92 (0.47-1.81) 0.84 0.82 0.77 (0.48-1.24) 0.72 0.27
Nasopharyngitis - - - - 1.09 (0.41-2.89) 0.88 0.87 1.09 (0.41-2.89) 0.88 0.87
Muscle-associated - - - - 0.54 (0.31-0.93) 0.43 0.03 0.54 (0.31-0.93) 0.43 0.03
events
Potential injection-site 0.94 (0.39-2.22) - 0.88 0.67 (0.21-2.12) 0.10 0.49 0.80 (0.47-1.36) 0.23 0.41
reactions

OR, odds ratio; CI, confidence interval.
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