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Background: Guidelines recommend statins as first-line therapy
for dyslipidemia. Monoclonal antibodies targeting proprotein
convertase subtilisin/kexin type 9 (PCSK9) are a new lipid-
lowering approach.

Purpose: To assess the efficacy and safety of PCSK9 antibodies
in adults with hypercholesterolemia.

Data Sources: MEDLINE, PubMed Central, and Google
Scholar; conference proceedings; and the ClinicalTrials.gov reg-
istry through 4 April 2015.

Study Selection: Phase 2 or 3 randomized, controlled trials
(RCTs) comparing treatment using PCSK9 antibodies with no
anti-PCSK9 therapy in adults with hypercholesterolemia.

Data Extraction: Two investigators independently extracted
data on study characteristics and lipid and clinical outcomes, and
rated risk of bias of trials. Prespecified primary end points were
all-cause and cardiovascular mortality.

Data Synthesis: Twenty-four RCTs comprising 10 159 patients
were included. Compared with no antibody, treatment with
PCSK9 antibodies led to marked reductions in low-density lipo-
protein cholesterol levels (mean difference, �47.49% [95% CI,

�69.64% to �25.35%]; P < 0.001] and other atherogenic lipid
fractions, and it reduced all-cause mortality (odds ratio [OR], 0.45
[CI, 0.23 to 0.86]; P = 0.015; heterogeneity P = 0.63; I2 = 0%) and
cardiovascular mortality (OR, 0.50 [CI, 0.23 to 1.10]; P = 0.084;
heterogeneity P = 0.78; I2 = 0%). The rate of myocardial infarc-
tion was significantly reduced with use of PCSK9 antibodies (OR,
0.49 [CI, 0.26 to 0.93]; P = 0.030; heterogeneity P = 0.45; I2 =
0%), and increases in the serum creatine kinase level were re-
duced (OR, 0.72 [CI, 0.54 to 0.96]; P = 0.026; heterogeneity P =
0.65; I2 = 0%). Serious adverse events did not increase with ad-
ministration of PCSK9 antibodies.

Limitations: Results were derived from study-level data rather
than patient-level data, and clinical outcome data are rare.

Conclusion: PCSK9 antibodies seem to be safe and effective for
adults with dyslipidemia.
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cardial Ischemia, German Research Council DFG.
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Hypercholesterolemia contributes substantially to
the development of coronary artery disease and

the risk for cardiovascular events. Current guidelines
from the American College of Cardiology and Ameri-
can Heart Association and from the European Society
of Cardiology and European Atherosclerosis Society
recommend lipid-lowering for patients with known car-
diovascular disease; a 10-year cardiovascular disease
risk of 7.5% or greater; diabetes and a low-density lipo-
protein (LDL) cholesterol level of 1.8 mmol/L or greater
(≥70 mg/dL); or an LDL cholesterol level of 5 mmol/L or
greater (≥193 mg/dL) (1, 2). Statins are first-line phar-
macotherapy, having shown significant reductions in
both LDL cholesterol values and cardiovascular events
(1, 2). Yet, despite intensive statin regimens to delay
atherosclerotic plaque development and lower the risk
for cardiovascular complications (3), a sizable propor-
tion of statin-treated patients does not achieve recom-
mended target LDL cholesterol levels, and some dis-
continue treatment owing to drug-related side effects
(4–6).

Proprotein convertase subtilisin/kexin type 9
(PCSK9) is an enzyme that plays an important role in
lipid metabolism by modulating the density of LDL cho-
lesterol receptors in multiple organs. The enzyme is
synthesized in the nucleus, and after intramolecular au-

tocatalytic cleavage of its N-terminal prosegment in the
endoplasmic reticulum, it is secreted from hepatocytes,
where it binds to the surrounding LDL cholesterol re-
ceptors. The complex is then subject to endocytosis
and degradation of its entire structure in lysosomes (7).
This physiologic function leads to an inverse relation-
ship between the level of PCSK9 in the blood and the
number of LDL receptors; inhibition of PCSK9 prevents
LDL receptor degradation within lysosomes and pre-
serves receptor recycling to the hepatocyte surface.
Each receptor normally recycles approximately 150
times. Thus, monoclonal antibody binding and inhibi-
tion of PCSK9 prevents PCSK9 binding to the LDL
cholesterol–LDL receptor complex and subsequent
lysosomal degradation of the LDL receptor. The LDL-
receptor recycling is preserved, with a consequent in-
crease in receptor density on the hepatocyte surface
and LDL cholesterol clearance.

Randomized, controlled trials (RCTs) have shown
marked reductions in LDL cholesterol levels when
PCSK9 antibodies are administered compared with no
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administration of PCSK9 antibodies (placebo or
ezetimibe) (8–10). The PCSK9 inhibitors are currently
undergoing regulatory review on the basis of efficacy
and safety data from LDL cholesterol–lowering trials. In
2014, a pharmaceutical company submitted a biologics
license application to obtain US Food and Drug Admin-
istration approval for use of the PCSK9 inhibitor evoloc-
umab (AMG 145) in the treatment of high cholesterol.
In this context, we performed a systematic review and
meta-analysis of RCTs to investigate the safety and effi-
cacy of treatment with PCSK9 antibodies, particularly
with respect to their effect on clinical outcomes.

METHODS
We used established methods recommended by

the Cochrane guidelines to conduct the meta-analysis
and report our findings according to the PRISMA (Pre-
ferred Reporting Items for Systematic reviews and
Meta-Analyses) statement (11, 12). The review protocol
was not registered.

Data Sources and Searches
We searched MEDLINE, the Cochrane Central Reg-

ister of Controlled Trials, Google Scholar, and Embase;
TCTMD (www.tctmd.com), EuroPCR (www.europcr
.com), ClinicalTrials.gov, Clinical Trial Results (www
.clinicaltrialresults.org), the PCSK9 Education and
Research Forum (www.pcsk9forum.org), and the Amer-
ican College of Cardiology Web site (www
.cardiosource.com); and major congress proceedings,
all until 4 April 2015. The following keywords were
used: PCSK9 antibody, evolocumab, alirocumab, boco-
cizumab, randomized controlled trial, and hypercholes-
terolemia. Citations were screened at the title and ab-
stract level and retrieved as full reports if they were
considered relevant.

Study Selection
The main inclusion criterion was a phase 2 or 3 RCT

comparing PCSK9 antibodies with no PCSK9 antibody
in adults with hypercholesterolemia, with clinical out-
comes reported. No restrictions on language, follow-
up, or study size were applied. The doses of PCSK9
antibody that had been used in phase 3 RCTs were
selected for comparisons; study arms in which doses of
PCSK9 antibodies were given that had not been used
in phase 3 RCTs were excluded from the analysis.

Primary clinical end points were all-cause mortality
and cardiovascular mortality; secondary end points
were myocardial infarction, unstable angina, increased
serum creatine kinase level, and serious adverse events
(as reported in the original trials). Efficacy end points
were percent change from baseline in LDL cholesterol
and high-density lipoprotein (HDL) cholesterol levels;
secondary efficacy end points were changes from base-
line in total cholesterol and lipoprotein(a) levels. When
LDL cholesterol results were reported by ultracentrifu-
gation and by Friedewald formula calculation, the for-
mer was abstracted because we considered it more ac-
curate (13).

Data Extraction and Quality Assessment
Two investigators who were not involved in any of

the selected studies independently abstracted data by
using prespecified forms. Two investigators then inde-
pendently appraised the accuracy of the abstractions
and resolved any discrepancies by consensus after dis-
cussion with a third investigator. Intensive background
statin therapy was defined as daily use of atorvastatin,
40 mg or more; rosuvastatin, 20 mg or more (or ≥5 mg
for the YUKAWA study, which was defined for a Japa-
nese population); simvastatin, 80 mg or more; or any
statin plus ezetimibe at baseline. Other treatment regi-
mens were defined as nonintensive. When patients un-
derwent a statin therapy washout period, the study was
classified as “no statin.”

Serious adverse events were defined across trials in
accordance with the Medical Dictionary for Regulatory
Activities. Serious adverse events were predominantly
defined as fatal, life-threatening, requiring or prolong-
ing hospital admission, or causing persistent or sub-
stantial disability.

Two unblinded investigators independently ap-
praised the potential risk of bias of the RCTs by using
methods described in the Cochrane Collaboration
guidelines (11).

Data Synthesis and Statistical Analysis
Data were analyzed according to the intention-to-

treat principle. Odds ratios (ORs) for dichotomous data
and mean difference (MD) of percent change from
baseline for continuous variables, with 95% CIs, were
used as summary statistics. For clinical outcomes, a
continuity correction in case of rare events was applied.
If SDs were not reported, they were calculated from CIs
or SEs of the mean, according to formulas in the Co-
chrane Handbook for Systematic Reviews of Interven-
tions (11).

Heterogeneity was assessed by using the Cochran
Q test and the I2 statistic (14, 15). If no or low to mod-
erate inconsistency (<50%) was found, pooled ORs
were calculated by using a fixed-effects model (11);
otherwise, a random-effects model was used. If there
were no outcome events, the software automatically
applied a treatment-arm continuity correction ap-
proach (16).

Additional analyses included one stratified by the
comparator arm for clinical outcomes. To account for
the potential differences in follow-up, a prespecified
analysis was performed with adjusted models by
person-years to obtain pooled log rate ratios and CIs.
Rates, rather than number of events, were considered
the most appropriate outcome for the person-years
analyses because they incorporate the follow-up dura-
tion of the trials.

Prespecified sensitivity analyses were conducted
for efficacy end points by type and dose of PCSK9 an-
tibody. More specifically, separate analyses were per-
formed for alirocumab, 75 mg every 2 weeks; aliro-
cumab, 150 mg every 2 weeks; evolocumab, 140 mg
every 2 weeks; and evolocumab, 420 mg every 4
weeks. Another sensitivity analysis was stratified by in-
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tensity of background statin therapy. Potential publica-
tion bias was examined by constructing funnel plots in
which the SE of the log OR was plotted against the OR
of the selected binomial outcomes. For continuous out-
comes, the SE was plotted against the MD.

For the summary treatment effect estimate, a
2-tailed P value less than 0.05 was considered statisti-
cally significant. Analyses were done by using R, ver-
sion 3.1.3 (R Development Core Team, Vienna, Austria),
and Comprehensive Meta-Analysis software, version 2
(Biostat, Englewood, New Jersey).

Role of the Funding Source
Part of this study was supported by CRC 1116 Mas-

terswitches in Myocardial Ischemia, funded by the Ger-
man Research Council DFG. The funding source had no
role in the study design; collection, extraction, analysis,
or interpretation of the data; or the decision to submit
the manuscript for publication.

RESULTS
Study Selection and Patient Population

Appendix Figure 1 (available at www.annals.org)
shows the PRISMA flow chart of study selection.
Twenty-four studies comprising a total of 10 159 pa-
tients were included in our final analysis (8–10, 17–35).
Study characteristics are shown in Appendix Table 1
(available at www.annals.org). Eight trials were phase 2,
and 16 trials were phase 3.

Appendix Table 2 (available at www.annals.org)
shows patient characteristics. Twelve trials were of pa-
tients with familial hypercholesterolemia, 9 were of
nonfamilial or unspecified hypercholesterolemia, 2
were of statin-intolerant hypercholesterolemia, and 1
was of mixed familial and nonfamilial hypercholesterol-
emia. Patients who did not receive a PCSK9 antibody
(control groups) were treated with either placebo or
ezetimibe. Seventeen trials were less than 6 months in
duration, 2 were 6 to 12 months, and 4 were longer
than 1 year. The longest follow-up was 104 weeks. To
avoid overlapping patient samples, the OSLER trial was
excluded, because the enrolled patients were derived
from previous RCTs (36). All included trials were
funded by industry.

Risk of Bias in the Included Studies
The risks of bias of the included studies are shown

in Appendix Table 3 (available at www.annals.org). No
publication bias was suggested by the funnel plots or
the Egger regression test (Appendix Figures 2 to 9 and
Appendix Table 4, available at www.annals.org).

The RCTs were similar in their risk of bias (Appen-
dix Table 3). All were multicenter trials done according
to the intention-to-treat principle. No studies had selec-
tive outcome reporting. Risk of bias was considered to
be unclear predominantly in studies that were available
only as presentation slides rather than full reports (8, 9,
18, 21, 25).

Primary Clinical End Points
All-Cause Mortality

Twenty-four RCTs including a total of 10 159 pa-
tients were included in the analysis of all-cause mortal-
ity (Figure 1). Overall, there was a statistically significant
reduction in mortality with use of PCSK9 antibodies
compared with no anti-PCSK9 treatment; the respective
mortality rates were 0.31% (19 of 6187 patients) and
0.53% (21 of 3971 patients) (OR, 0.45 [95% CI, 0.23 to
0.86]; P = 0.015; heterogeneity P = 0.63; I2 = 0%]. No
inconsistency was detected across trials (I2 = 0%). The
analysis that was adjusted for follow-up showed the
consistency of the results (OR, 0.48 [CI, 0.27 to 0.85];
P = 0.010; heterogeneity P = 0.68; I2 = 0%] (Appendix
Figure 10, available at www.annals.org). The sensitivity
analysis that was stratified by comparator (placebo or
ezetimibe) also supported the results (Appendix Table
5, available at www.annals.org).

Cardiovascular Mortality
Twenty-four RCTs comprising 10 159 patients were

included in the analysis of cardiovascular mortality (Fig-
ure 2). There was a statistically nonsignificant reduction
in cardiovascular mortality with use of PCSK9 antibod-
ies compared with no anti-PCSK9 treatment; the re-
spective cardiovascular mortality rates were 0.19% (12
of 6187 patients) and 0.33% (13 of 3972 patients) (OR,
0.50 [CI, 0.23 to 1.10]; P = 0.084; heterogeneity P =
0.78; I2 = 0%). The analysis that was adjusted for
follow-up showed the consistency of the results (OR,
0.49 [CI, 0.23 to 1.07]; P = 0.070; heterogeneity P =
0.79; I2 = 0%] (Appendix Figure 11, available at www
.annals.org). The analysis that was stratified by compar-
ator (placebo or ezetimibe) also supported the results
(Appendix Table 5).

Secondary Safety End Points
Myocardial Infarction and Unstable Angina

Ten RCTs with a total of 5195 patients reported
data on myocardial infarction (Figure 3, A). Treatment
with PCSK9 antibodies resulted in a statistically signifi-
cant reduction in myocardial infarction compared with
no anti-PCSK9 treatment; rates were 0.58% (19 of 3289
patients) and 1.00% (19 of 1906 patients), respectively
(OR, 0.49 [CI, 0.26 to 0.93]; P = 0.030; heterogeneity
P = 0.45; I2 = 0%]. The analysis that was adjusted for
follow-up showed the consistency of the results (OR,
0.49 [CI, 0.26 to 0.93]; P = 0.030; heterogeneity P =
0.53; I2 = 0%] (Appendix Figure 12, available at www
.annals.org). The analysis that was stratified by compar-
ator (placebo) also supported the results (Appendix Ta-
ble 5).

Six RCTs including a total of 3894 patients pro-
vided data on unstable angina (Figure 3, B). The rates
were similar between the 2 groups: 0.04% (1 of 2515
patients) who received PCSK9 antibodies and 0.08% (1
of 1379 patients) who did not receive PCSK9 antibod-
ies (OR, 0.61 [CI, 0.06 to 6.14]; P = 0.676; heterogene-
ity P = 0.34; I2 = 0%). The analysis that was adjusted for
follow-up showed the consistency of the results (OR,
0.51 [CI, 0.05 to 4.86]; P = 0.56; heterogeneity P = 0.34;
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I2 = 0%) (Appendix Figure 13, available at www.annals
.org). The analysis that was stratified by comparator
(placebo) also supported the results (Appendix Table
5).

Serum Creatine Kinase Level
Twenty-four RCTs comprising 10 159 patients pro-

vided data on serum creatine kinase levels (Figure 4).
Treatment with PCSK9 antibodies resulted in statisti-
cally significant reductions compared with no anti-
PCSK9 treatment; increased creatine kinase levels were
found in 1.96% of patients who received PCSK9 anti-
bodies (121 of 6187) and 2.31% of those who did not
receive PCSK9 antibodies (92 of 3972) (OR, 0.72 [CI,
0.54 to 0.96; P = 0.026; heterogeneity P = 0.65; I2 =

0%). The analysis that was adjusted for follow-up
showed the consistency of the results (OR, 0.73 [CI,
0.55 to 0.97]; P = 0.030; heterogeneity P = 0.67; I2 =
0%) (Appendix Figure 14, available at www.annals.org).
The analysis that was stratified by comparator (placebo
or ezetimibe) also supported the results (Appendix Ta-
ble 5).

Serious Adverse Events
Twenty-four RCTs comprising all 10 159 patients

were included in the analysis of serious adverse events
(Figure 5). The overall incidence was 9.26% (573 of
6187) among patients treated with PCSK9 antibodies
and 7.73% (307 of 3972) among patients who were not
treated with PCSK9 antibodies (OR, 1.01 [CI, 0.87 to

Figure 1. All-cause mortality.
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1.18]; P = 0.879; heterogeneity P = 0.98; I2 = 0%). Av-
erage discontinuation rates were no higher among pa-
tients receiving PCSK9 antibodies than among patients
receiving placebo or ezetimibe (Appendix Table 6,
available at www.annals.org). Adjustment for follow-up
showed the consistency of the results (OR, 1.01 [CI,
0.88 to 1.16]; P = 0.89; heterogeneity P = 0.98; I2 = 0%)
(Appendix Figure 15, available at www.annals.org). The
analysis that was stratified by comparator (placebo or
ezetimibe) also supported the results (Appendix Table
5).

Efficacy End Points
LDL Cholesterol

Twenty-four studies comprising 10 159 patients
were included in the analysis of LDL cholesterol (Ap-
pendix Figure 16, available at www.annals.org). Over-
all, a reduction in LDL cholesterol levels of almost 50%
was observed with use of PCSK9 antibodies compared
with no anti-PCSK9 treatment (MD, �47.49% [CI,
�69.64% to �25.35%]; P < 0.001). The reduction in
LDL cholesterol with anti-PCSK9 therapy compared
with placebo was significantly greater than that com-

pared with ezetimibe (placebo: MD, �58.77% [CI,
�61.03% to �56.51%]; P < 0.001; ezetimibe: MD,
�36.17% [CI, �39.28% to �33.06%); P < 0.001). Sensi-
tivity analyses stratified by type and dose of PCSK9 an-
tibody showed consistent results (Appendix Table 7,
available at www.annals.org).

HDL Cholesterol
Fourteen RCTs comprising 4378 patients were in-

cluded in the analysis of HDL cholesterol (Appendix
Figure 17, available at www.annals.org). Overall, the
percent increase (MD) with use of PCSK9 antibodies
versus no treatment with PCSK9 antibodies was 6.30%
(CI, 5.58% to 7.02%; P < 0.001). Similar increases in
HDL cholesterol levels were observed when PCSK9 an-
tibodies were compared with placebo (MD, 6.14% [CI,
5.31% to 6.97%]; P < 0.001) or ezetimibe (MD, 6.80%
[CI, 5.33% to 8.26%]; P < 0.001) (Appendix Table 7).
Findings of sensitivity analyses were consistent with the
main results.

Figure 2. Cardiovascular mortality.
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See the legend for Figure 1 for abbreviation expansions.
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Total Cholesterol
Ten studies comprising 5357 patients contributed

to the analysis of total cholesterol (Appendix Figure 18,
available at www.annals.org). Overall, a 31% reduction
was observed when treatment with PCSK9 antibodies
was compared with no anti-PCSK9 treatment (MD,
�31.49% [CI, �46.35% to �16.64%]; P < 0.001]. The
reduction in total cholesterol with anti-PCSK9 treatment
was greater compared with placebo (MD, �38.99% [CI,
�40.72% to �37.26%]; P < 0.001) than compared with
ezetimibe (MD, �23.83% [CI, �27.35% to �20.32%];
P < 0.001]. Sensitivity analyses by type and dose of anti-
PCSK9 agent showed consistent results (Appendix Ta-
ble 7).

Lipoprotein(a)
Twelve RCTs including a total of 6566 patients

were included in the analysis of lipoprotein(a) (Appen-
dix Figure 19, available at www.annals.org). Overall, a
greater than 25% reduction in lipoprotein(a) levels was

observed when anti-PCSK9 treatment was compared
with no anti-PCSK9 treatment (MD, �26.45% [CI,
�30.19% to �22.71%]; P < 0.001). A similar reduction
in lipoprotein(a) values was found in placebo-
controlled trials (MD, �27.96% [CI, �31.21% to
�24.71%]; P < 0.001) and in ezetimibe-controlled trials
(MD, �24.05% [CI, �28.94% to �19.16%]; P < 0.001).
Sensitivity analyses for type and dose of PCSK9 anti-
body showed consistency in the direction and magni-
tude of the results (Appendix Table 7).

Additional Analyses
Analyses that were stratified by the comparator

arm (placebo or ezetimibe) and background statin ther-
apy (no statin vs not intensive vs intensive) showed di-
rections that were consistent with those of the main re-
sults from a larger sample size (Appendix Tables 5 and
7). Additional analyses by agent and dose of antibody
showed that neither a different type nor dose of PCSK9
antibody significantly modified the positive effect on
lipid profile.

Figure 3. A. Myocardial infarction. B. Unstable angina.
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DISCUSSION
Our main findings are that compared with no anti-

PCSK9 treatment, use of PCSK9 antibodies is associ-
ated with 1) lower odds of all-cause mortality and myo-
cardial infarction and a statistically nonsignificant
reduction in cardiovascular mortality; 2) lower increase
in the serum creatine kinase level; 3) no increase in
serious adverse events; and 4) a marked reduction in
atherogenic lipid fractions. Improvements in clinical
outcomes were consistent in multiple sensitivity analy-
ses that used different methods of analysis.

International guidelines to lower cardiovascular risk
have promoted increasingly lower treatment goals for
LDL cholesterol (1, 2). Statins are the most prescribed
drugs, and evidence shows they reduce cardiovascular
risk across all risk factor categories, lending support for
their widespread use (37). Although statins have ac-
ceptable efficacy and safety profiles, more than one
half of cardiovascular events are not being prevented
by these drugs, owing to either elevated residual car-
diovascular risk or statin intolerance. Several reports in-
dicate that up to 40% of patients on statins are not able

to reach target LDL cholesterol levels with current
guideline recommendations (38). Potential reasons are
submaximal statin doses, discontinuation of therapy
owing to side effects, pharmacologic interactions, and
the limited (~6%) additional decrease in LDL choles-
terol with doubling of statin doses (17).

In recent years, novel treatments have actively
been sought, and human monoclonal antibodies
against PCSK9 have been identified as an innovative
lipid-lowering strategy. Several phase 3 studies in dif-
ferent settings showed that use of PCSK9 antibodies
combined with statins provided benefits in terms of re-
ducing atherogenic lipid fractions in patients with hy-
perlipidemia (LAPLACE-2) (29) or heterozygous familial
hypercholesterolemia (RUTHERFORD-2) (28), and that
PCSK9 antibodies as a stand-alone treatment were
beneficial in hyperlipidemia (MENDEL-2) (22).

The DESCARTES trial (17) involved 901 adults with
or without coronary heart disease who had an LDL cho-
lesterol level greater than 1.9 mmol/L (>75 mg/dL) de-
spite maximal lipid-lowering therapy. Participants were
randomly assigned to receive evolocumab, 420 mg ev-

Figure 4. Increase in creatine kinase level.
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ery 4 weeks, or placebo, in addition to background
therapy consisting of diet modification alone; atorvasta-
tin, 10 mg, plus diet modification; atorvastatin, 80 mg;
or atorvastatin, 80 mg, plus ezetimibe, 10 mg.

In the LAPLACE-2 trial, the efficacy and tolerability
of evolocumab were evaluated in addition to either
moderate-intensity or high-intensity statin therapy. Evo-
locumab at dosages of 140 mg every 2 weeks or 420
mg every 4 weeks was found to be efficacious and safe.
Evolocumab was also found to lower lipoprotein(a) and
apoliprotein B levels, and to increase the HDL choles-
terol level.

GAUSS and GAUSS-2 differ from the other trials
owing to predominant inclusion of statin-intolerant pa-
tients, although a substantial proportion of patients ac-
tually received a statin during these trials. In those stud-
ies, treatment with evolocumab resulted in a 41% to
51% reduction in the LDL cholesterol level, but it had
no statistically significant effect on clinical outcomes
compared with placebo. These studies demonstrated
marked reductions in LDL cholesterol levels with PCSK9
antibody treatment, consistent with the approximate

50% reduction in LDL cholesterol levels in our meta-
analysis (Appendix Table 6).

Our large-scale report is the first to show a benefit
in mortality with these novel agents. The finding of
lower all-cause mortality, although preliminary, is en-
couraging and is further corroborated by a similar di-
rection of reduction in the odds of cardiovascular mor-
tality, as well as by recent findings of the open-label
OSLER-1 and OSLER-2 extension trials that showed re-
ductions in cardiovascular events with evolocumab
compared with standard therapy (36). Of note, no sig-
nal for heterogeneity was present across trials in the
analysis of all-cause and cardiovascular mortality, and
there was stability of the direction and magnitude of
results in our sensitivity analyses. Moreover, the sensi-
tivity analyses for type and dose of PCSK9 antibody,
and the subgroup analyses stratified by placebo or
ezetimibe as the control arm and by background statin
therapy, all suggest that the overall effect is robust and
justified.

The mechanisms of improved survival in patients
treated with PCSK9 antibodies are unclear but may be

Figure 5. Serious adverse events.
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related to the efficacy of these agents in reducing lipid
levels (particularly LDL cholesterol, non-HDL choles-
terol, and lipoprotein(a)) and may also be influenced by
reduced rates of myocardial infarction due to plaque
stabilization. However, this encouraging result, which
may play a role in the observed survival benefit, should
be interpreted with caution.

Whereas mortality data were frequently reported
across studies, fewer studies reported data on myocar-
dial infarction. The most informative study on this
outcome—ODYSSEY LONG TERM, which includes the
largest patient population studied over 78 weeks of
follow-up—demonstrated a reduction in myocardial in-
farction with PCSK9 antibody therapy (37). Further data
from ongoing studies in which the primary end point is
cardiovascular events will provide a more definitive an-
swer regarding the effect of profound reduction in LDL
cholesterol on myocardial infarction.

The recently presented long-term results of
IMPROVE-IT (IMProved Reduction of Outcomes: Vy-
torin Efficacy International Trial), which evaluated the
efficacy and safety of ezetimibe plus simvastatin versus
simvastatin alone, showed that combination therapy
compared with monotherapy not only produced
marked reductions in LDL cholesterol but also reduced
cardiovascular events in high-risk patients with acute
coronary syndrome (39). IMPROVE-IT reinforces the
theory that “lower is better,” in terms of LDL cholesterol
levels, by resulting in greater clinical benefits. In
IMPROVE-IT, adding ezetimibe to statin therapy re-
duced the LDL cholesterol level by an average of 0.44
mmol/L (17 mg/dL). However, there was no statistically
significant effect on mortality.

No single RCT evaluating PCSK9 antibodies has yet
been powered to show an effect on mortality and car-
diovascular events, but our meta-analysis of 10 159 pa-
tients with a mean follow-up of 44.6 weeks found that
treatment with PCSK9 antibodies reduced the odds of
all-cause death. The magnitude of LDL cholesterol re-
duction observed with alirocumab and evolocumab
was distinctly greater than that with ezetimibe in
IMPROVE-IT and in our meta-analysis (Appendix Table
6), with an average additional 36% reduction in LDL
cholesterol from baseline compared with ezetimibe-
treated patients. It should be noted, however, that pa-
tient populations differ.

IMPROVE-IT evaluated the combination of
ezetimibe with statin for secondary prevention of acute
coronary syndromes. In contrast, PCSK9 antibodies
have been tested predominantly in adults without
acute coronary syndrome patients who have hypercho-
lesterolemia. According to the quantitative interaction
principle, whereby the benefit of treatment is larger
among high-risk patients (40, 41), our preliminary find-
ings on anti-PCSK9 therapy in our mortality analysis
might be amplified in higher-risk scenarios character-
ized by higher baseline mortality rates in both the ac-
tive treatment (anti-PCSK9) and control arms.

The reduction in lipoprotein(a), another lipid frac-
tion that contributes to atherosclerotic plaque forma-
tion (42), may also contribute to the benefits of PCSK9

antibodies in terms of mortality and myocardial infarc-
tion rates. The average 25% reduction in lipoprotein(a)
levels observed in our meta-analysis was of similar
magnitude when PCSK9 antibodies were compared
with placebo or ezetimibe. This finding suggests a pos-
sible mechanism for long-term cardiovascular benefit
with the combination of potent PCSK9 inhibition and
pleiotropic statins, especially for patients at high car-
diovascular risk.

Of note, in our analysis, increased creatine kinase
values occurred significantly less often with PCSK9 an-
tibodies compared with no anti-PCSK9 treatment. Al-
though the majority of included studies involved pa-
tients receiving statin therapy, there was a statistically
significant 30% reduction in the odds of increased cre-
atine kinase levels with use of PCSK9 antibodies
compared with no anti-PCSK9 treatment; this finding
suggests that PCSK9 antibodies may have a muscle-
sparing effect even in statin-treated patients, which may
attenuate statin intolerance. Notably, the rates of seri-
ous adverse events reported in the studies did not sta-
tistically significantly differ with versus without anti-
PCSK9 treatment, confirming the overall comparative
safety of the drug. On the basis of these findings of
reduced mortality and muscle complications in patients
at lower risk (for example, those without or with stable
coronary artery disease), PCSK9 inhibition may be even
more useful in higher-risk patients, such as those with
acute coronary syndrome, in whom a high dosage of
statin is conventionally recommended.

Currently, 4 large cardiovascular outcomes trials
(expected completion by 2018) are testing the ability of
PCSK9 antibodies to affect clinical outcomes (Appendix
Table 8). The FOURIER study is assessing whether treat-
ment with evolocumab compared with placebo re-
duces recurrent cardiovascular events in 27 500 adults
with established cardiovascular disease (43). The
ODYSSEY Outcomes trial is examining the effect of ali-
rocumab on major adverse cardiovascular events in pa-
tients who recently experienced an acute coronary syn-
drome and is expected to enroll 18 000 patients (44).
The phase 3 program of study for bococizumab con-
sists of 2 cardiovascular outcome studies, as well as
multiple studies of the change in LDL cholesterol in
more than 22 000 patients. One of the 2 cardiovascular
outcome studies, SPIRE-1, will assess whether lowering
LDL cholesterol to levels well below current guideline-
recommended targets will lead to further reduction in
cardiovascular events.

Our study has limitations. First, our results are de-
rived from study-level data rather than patient-level
data; individual patient data would have improved the
accuracy of the analysis by allowing subgroup compar-
isons. Second, a few studies have only been reported in
abstract form or presented at meetings. Third, clinical
event outcomes should be interpreted with caution be-
cause the data were derived from a small number of
events. Fourth, the duration of follow-up in the studies
ranged from 2 months to 2 years, but we note that ad-
ministration of PCSK9 antibodies results in a rapid re-
duction in lipid subfractions. Finally, the investigated
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populations represent a broad spectrum of patients
with and without known genetic disorders; although
our analysis contributes information on the general ap-
proach to the management of dyslipidemia, future
studies that focus on particular populations will proba-
bly refine knowledge about the groups that are most
responsive to benefits with small risk for harm.

In conclusion, treatment with PCSK9 antibodies
produces profound reductions in LDL cholesterol and
lipoprotein(a), with an apparently similar level of safety
and an important preliminary signal of survival benefit
compared with no anti-PCSK9 treatment. Thus, PCSK9
monoclonal antibody therapy seems to be a safe and
effective strategy for patients with dyslipidemia. Ongo-
ing trials should provide further data on the safety of
this innovative strategy and on the relationship of lower
LDL cholesterol levels and the rate of cardiovascular
events (45, 46). In particular, these trials should validate
or refute the findings on mortality that, if confirmed,
could have a profound effect on public health.
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Appendix Figure 1. Summary of evidence search and selection.
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www.annals.org Annals of Internal Medicine

Downloaded From: http://annals.org/ by a Saitama Ika Daigaku User  on 05/24/2015



A
p

p
en

di
x

Ta
bl

e
2.

Pa
tie

nt
C

ha
ra

ct
er

is
tic

s

St
u

d
y*

P
at

ie
n

ts
,n

M
ea

n
A

g
e,

y
M

en
,%

C
A

D
,%

H
T,

%
D

M
2

,%
B

M
I,

kg
/m

2
M

ea
n

LD
L-

C
Le

ve
l

at
B

as
el

in
e,

m
m

o
l/

L
(m

g
/d

L]

St
at

in
Th

er
ap

y,
%

In
te

n
si

ve
St

at
in

Th
er

ap
y,

%
St

at
in

an
d

D
o

se

D
ES

C
A

R
TE

S
11

1
51

.6
45

.0
1.

8
44

.6
3.

4
30

.3
2.

9
(1

11
.8

)
0

0
N

o
ne

38
3

57
.1

43
.8

2.
6

41
.2

7.
3

29
.9

2.
6

(1
00

.3
)

10
0

0
A

to
rv

as
ta

tin
10

m
g

21
8

54
.8

50
.0

15
.6

57
.1

16
.2

31
2.

5
(9

5.
1)

10
0

10
0

A
to

rv
as

ta
tin

80
m

g
18

9
54

.8
54

.5
47

.6
57

.2
22

.6
29

.9
3.

0
(1

17
.8

)
10

0
10

0
A

to
rv

as
ta

tin
80

m
g

(w
ith

ez
et

im
ib

e)
G

A
U

SS
65

61
.2

40
.6

N
A

N
A

N
A

N
A

5.
1

(1
98

.4
)

16
0

N
o

ne
o

r
≤

w
ee

kl
y

m
ax

d
o

se
G

A
U

SS
-2

30
7

61
.7

54
.0

N
A

61
22

N
A

5.
0

(1
93

.0
)

17
.9

0
2%

A
to

rv
as

ta
tin

8.
8%

R
o

su
va

st
at

in
2.

8%
Si

m
va

st
at

in
4.

9%
O

th
er

LA
PL

A
C

E-
2

18
96

59
.8

54
.3

22
.5

N
A

16
.3

N
A

2.
8

(1
09

.1
)

10
0

67
.1

A
to

rv
as

ta
tin

10
–8

0
m

g
R

o
su

va
st

at
in

5–
40

m
g

Si
m

va
st

at
in

40
m

g
LA

PL
A

C
E-

TI
M

I5
7

31
5

62
.6

45
.0

32
.0

70
.3

16
.5

29
.4

3.
1

(1
21

.8
)

99
.2

29
.3

28
.3

%
A

to
rv

as
ta

tin
0.

6%
Fl

uv
as

ta
tin

2.
9%

Lo
va

st
at

in
7.

6%
Pr

av
as

ta
tin

17
.5

%
R

o
su

va
st

at
in

43
.2

%
Si

m
va

st
at

in
M

cK
en

ne
y

et
al

62
56

.6
58

.6
6.

5
40

.4
6.

5
28

.1
3.

3
(1

27
.1

)
10

0
24

.6
A

to
rv

as
ta

tin
10

–2
0–

40
m

g
M

EN
D

EL
22

5
51

.5
34

.5
N

A
33

0
30

.8
3.

7
(1

43
.1

)
0

0
N

o
ne

M
EN

D
EL

-2
61

4
53

.2
34

.1
N

A
27

.2
0.

2
N

A
3.

7
(1

42
.9

)
0

0
N

o
ne

O
D

Y
SS

EY
A

LT
ER

N
A

TI
V

E
25

1
63

.5
54

.6
47

64
.6

23
.9

29
5.

0
(1

92
.3

)
0

0
N

o
ne

O
D

Y
SS

EY
C

O
M

B
O

I
31

6
63

.0
65

.8
78

.2
88

.7
43

.1
32

.3
2.

6
(1

02
.1

)
99

.7
62

.7
A

to
rv

as
ta

tin
40

–8
0

m
g

R
o

su
va

st
at

in
20

–4
0

m
g

Si
m

va
st

at
in

80
m

g
an

d
/o

r
ap

p
ro

p
ri

at
e

o
th

er
d

o
se

g
iv

en
b

y
in

ve
st

ig
at

o
r

O
D

Y
SS

EY
C

O
M

B
O

II
72

0
64

.9
73

.6
90

.1
81

30
.9

30
.2

2.
8

(1
07

.7
)

99
.9

66
.7

A
to

rv
as

ta
tin

40
–8

0
m

g
R

o
su

va
st

at
in

20
–4

0
m

g
Si

m
va

st
at

in
80

m
g

O
D

Y
SS

EY
FH

Ia
nd

FH
II

73
5

52
.4

55
.1

42
.6

37
.5

8.
2

28
.8

3.
7

(1
41

.4
)

10
0

83
.3

A
to

rv
as

ta
tin

40
–8

0
m

g
R

o
su

va
st

at
in

20
–4

0
m

g
Si

m
va

st
at

in
80

m
g

O
D

Y
SS

EY
H

IG
H

FH
10

7
50

.6
54

.2
49

.7
57

.1
42

.1
28

.9
5.

1
(1

97
.9

)
10

0
79

.4
A

to
rv

as
ta

tin
40

–8
0

m
g

R
o

su
va

st
at

in
20

–4
0

m
g

Si
m

va
st

at
in

80
m

g
an

d
/o

r
ap

p
ro

p
ri

at
e

o
th

er
d

o
se

g
iv

en
b

y
in

ve
st

ig
at

o
r

O
D

Y
SS

EY
LO

N
G

TE
R

M
23

41
60

.5
62

.3
68

.6
N

A
34

.4
30

.4
3.

2
(1

22
.4

)
99

.9
44

.1
A

to
rv

as
ta

tin
40

–8
0

m
g

R
o

su
va

st
at

in
20

–4
0

m
g

Si
m

va
st

at
in

80
m

g
O

D
Y

SS
EY

M
O

N
O

10
3

60
.2

53
.4

N
A

N
A

3.
9

29
.3

3.
6

(1
39

.7
)

0
0

N
o

ne
O

D
Y

SS
EY

O
PT

IO
N

S
I

11
2

63
.9

57
.1

N
A

N
A

N
A

31
.9

2.
6

(1
02

.2
)

10
0

0
A

to
rv

as
ta

tin
20

m
g

94
64

.1
71

.3
N

A
N

A
N

A
30

.3
2.

8
(1

07
.7

)
10

0
10

0
A

to
rv

as
ta

tin
40

m
g

O
D

Y
SS

EY
O

PT
IO

N
S

II
97

61
.3

50
.9

N
A

N
A

N
A

32
2.

7
(1

04
.9

)
10

0
0

R
o

su
va

st
at

in
10

m
g

10
7

60
.5

55
.2

N
A

N
A

N
A

30
.2

3.
1

(1
18

.7
)

10
0

10
0

R
o

su
va

st
at

in
20

m
g

R
o

th
et

al
61

56
.4

37
.5

1.
5

49
16

.5
29

.6
3.

2
(1

24
.0

)
10

0
10

0
A

to
rv

as
ta

tin
80

m
g

C
on

tin
ue

d
on

fo
llo

w
in

g
p

ag
e

This online-first version will be replaced with a final version when it is included in the issue. The final version may differ in small ways.

Annals of Internal Medicine www.annals.org

Downloaded From: http://annals.org/ by a Saitama Ika Daigaku User  on 05/24/2015



A
p

p
en

di
x

Ta
bl

e
2—

C
o

nt
in

ue
d

St
u

d
y*

P
at

ie
n

ts
,

n
M

ea
n

A
g

e,
y

M
en

,%
C

A
D

,%
H

T,
%

D
M

2
,%

B
M

I,
kg

/m
2

M
ea

n
LD

L-
C

Le
ve

l
at

B
as

el
in

e,
m

m
o

l/
L

(m
g

/d
L]

St
at

in
Th

er
ap

y,
%

In
te

n
si

ve
St

at
in

Th
er

ap
y,

%

St
at

in
an

d
D

o
se

R
U

TH
ER

FO
R

D
11

2
50

.6
52

.7
21

.5
N

A
N

A
N

A
3.

9
(1

52
.7

)
10

0
87

.5
In

te
ns

iv
e

th
er

ap
y:

31
%

A
to

rv
as

ta
tin

≥
40

m
g

40
.7

%
R

o
su

va
st

at
in

≥
20

m
g

6.
6%

Si
m

va
st

at
in

80
m

g
11

.4
%

lo
w

er
d

o
se

o
r

an
y

o
th

er
st

at
in

w
ith

ez
et

im
ib

e
R

U
TH

ER
FO

R
D

-2
33

1
51

.2
57

.3
31

.3
N

A
N

A
N

A
4.

0
(1

54
.7

)
10

0
87

N
A

St
ei

n
et

al
31

54
.2

71
.0

35
.5

N
A

0
30

.1
3.

8
(1

45
.4

)
10

0
77

.4
St

ab
le

st
at

in
th

er
ap

y
TE

SL
A

Pa
rt

B
49

31
.0

51
.0

43
.0

N
A

N
A

N
A

9.
0

(3
48

.0
)

10
0

93
.9

65
%

A
to

rv
as

ta
tin

(6
3%

A
to

rv
as

ta
tin

≥
40

m
g

)
35

%
R

o
su

va
st

at
in

(3
1%

R
o

su
va

st
at

in
≥

20
m

g
)

Y
U

K
A

W
A

20
7

60
.8

67
.6

27
.0

72
.4

35
.9

N
A

3.
6

(1
41

.1
)

10
0

23
.7

St
ab

le
st

at
in

th
er

ap
y

B
M

I=
b

o
d

y
m

as
s

in
d

ex
;

C
A

D
=

co
ro

na
ry

ar
te

ry
d

is
ea

se
;

D
M

2
=

ty
p

e
2

d
ia

b
et

es
;

H
T

=
hy

p
er

te
ns

io
n;

LD
L-

C
=

lo
w

-d
en

si
ty

lip
o

p
ro

te
in

ch
o

le
st

er
o

l;
N

A
=

no
t

av
ai

la
b

le
.

*
Se

e
th

e
le

g
en

d
fo

r
A

p
p

en
d

ix
Ta

b
le

1
fo

r
ab

b
re

vi
at

io
n

ex
p

an
si

o
ns

.

This online-first version will be replaced with a final version when it is included in the issue. The final version may differ in small ways.

www.annals.org Annals of Internal Medicine

Downloaded From: http://annals.org/ by a Saitama Ika Daigaku User  on 05/24/2015



Appendix Table 3. Risk of Bias of Individual Randomized, Controlled Trials

Study Multicenter
Trial

Adequate
Sequence
Generation

Allocation
Concealment

Blinding Incomplete
Data
Outcome
Addressed?

Selective
Outcome
Reporting

Free of
Other
BiasPatient Physician Adjudication

of Outcomes

DESCARTES Yes Yes Yes Yes Yes Yes Yes No Yes
GAUSS Yes Yes Yes Yes Yes Yes Yes No Yes
GAUSS-2 Yes Yes Unclear Yes Yes Yes Yes No Yes
LAPLACE-2 Yes Unclear Yes Yes Yes Yes Yes No Yes
LAPLACE-TIMI 57 Yes Yes Yes Yes Yes Yes Yes No Yes
McKenney et al Yes Yes Yes Yes Yes Yes Yes No Yes
MENDEL Yes Yes Yes Yes Yes Yes Yes No Yes
MENDEL-2 Yes Yes Unclear Yes Yes Yes Yes No Yes
ODYSSEY

ALTERNATIVE
Yes Unclear Unclear Yes Yes Yes Yes No Yes

ODYSSEY
COMBO I

Yes Yes Yes Yes Yes Yes Yes No Yes

ODYSSEY
COMBO II

Yes Unclear Unclear Yes Yes Yes Yes No Yes

ODYSSEY FH I and
FH II

Yes Unclear Unclear Yes Yes Yes Yes No Yes

ODYSSEY HIGH
FH

Yes Unclear Unclear Yes Yes Yes Yes No Yes

ODYSSEY LONG
TERM

Yes Yes Yes Yes Yes Yes Yes No Yes

ODYSSEY MONO Yes Yes Yes Yes Yes Yes Yes No Yes
ODYSSEY

OPTIONS I
Yes Unclear Unclear Yes Yes Yes Yes No Yes

ODYSSEY
OPTIONS II

Yes Unclear Unclear Yes Yes Yes Yes No Yes

Roth et al Yes Unclear Unclear Yes Yes Yes Yes No Yes
TESLA (Part B) Yes Yes Yes Yes Yes Yes Yes No Yes
RUTHERFORD Yes Yes Yes Yes Yes Yes Yes No Yes
RUTHERFORD-2 Yes Yes Yes Yes Yes Yes Yes No Yes
Stein et al Yes Yes Yes Yes Yes Yes Yes No Yes
YUKAWA Yes Unclear Unclear Yes Yes Yes Yes No Yes

* See the legend for Appendix Table 1 for abbreviation expansions.

Appendix Figure 2. Funnel plot for all-cause mortality.
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Appendix Figure 3. Funnel plot for cardiovascular
mortality.
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Appendix Figure 4. Funnel plot for increase in creatine
kinase.
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Appendix Figure 5. Funnel plot for serious adverse
events.

St
an

da
rd

 E
rr

or

Odds Ratio

0.01 0.1 1 10 100
2

0

0.5

1

1.5

OR = odds ratio.

This online-first version will be replaced with a final version when it is included in the issue. The final version may differ in small ways.

www.annals.org Annals of Internal Medicine

Downloaded From: http://annals.org/ by a Saitama Ika Daigaku User  on 05/24/2015



Appendix Figure 6. Funnel plot for LDL-C percentage of change from baseline.
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Appendix Figure 7. Funnel plot for HDL-C percentage of change from baseline.
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Appendix Figure 8. Funnel plot for total cholesterol percentage of change from baseline.
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Appendix Figure 9. Funnel plot for lipoprotein(a) percentage of change from baseline.
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Appendix Table 4. Egger Bias Analysis

End Point Egger 2-Tailed P Value

All-cause mortality 0.30
Cardiovascular mortality 0.12
Myocardial infarction 0.11
Unstable angina na
Increase of creatinine kinase 0.99
Serious adverse events 0.17
LDL-C percent change from baseline 0.99
HDL-C percent change from baseline 0.12
TC percent change from baseline 0.33
Lp(a) percent change from baseline 0.69

HDL-C = high-density lipoprotein cholesterol; LDL-C = low-density li-
poprotein cholesterol; Lp(a) = lipoprotein(a); TC = total cholesterol.
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Appendix Figure 10. Analysis of all-cause mortality, adjusted for follow-up.

Study or Subgroup

DESCARTES

LAPLACE-2

LAPLACE-TIMI 57

ODYSSEY COMBO I

ODYSSEY COMBO II

ODYSSEY FH I and FH II

ODYSSEY LONG TERM

ODYSSEY OPTIONS I

ODYSSEY OPTIONS II

Total (95% CI)

Heterogeneity: chi square = 5.75 (P = 0.68); I2 = 0%

Test for overall effect: Z = 2.51 (P = 0.01) 

log(Rate Ratio)

0.925

–1.7927

1.092

–1.075

1.504

–0.812

–0.902

–1.629

–1.118

SE

1.549

1.633

1.633

0.913

1.491

0.518

0.474

1.549

1.633

3.5

3.2

3.2

10.2

3.8

31.6

37.8

3.5

3.2

100.0

0.01 0.1 1 10 100

Rate Ratio (95% CI)*Weight, %

Favors PCSK9 Antibody Favors No-Anti-PCSK9

2.52 (0.12–52.51)

0.17 (0.01–4.09)

2.98 (0.12–73.16)

0.34 (0.06–2.04)

4.50 (0.24–83.62)

0.44 (0.16–1.23)

0.41 (0.16–1.03)

0.20 (0.01–4.08)

0.33 (0.01–8.03)

0.48 (0.27–0.85)

See the legend for Figure 1 for abbreviation expansions.
* Inverse-variance, fixed-effects model.

Appendix Table 5. Stratified Analysis of Clinical End Points

Outcome Comparator Odds Ratio
(95% CI)

P Value for
Interaction

Mortality Placebo 0.63 (0.32–1.22) 0.22
Ezetimibe 0.25 (0.06–0.95)

Cardiovascular
mortality

Placebo 0.59 (0.26–1.33) 0.66
Ezetimibe 0.41 (0.09–1.77)

Myocardial
infarction

Placebo 0.48 (0.25–0.90) Not estimable
Ezetimibe Not estimable*

Unstable angina Placebo 0.51 (0.07–3.60) Not estimable
Ezetimibe Not estimable

Increase in creatine
kinase

Placebo 0.70 (0.52–0.94) 0.62
Ezetimibe 0.82 (0.46–1.47)

Serious adverse
events

Placebo 1.01 (0.85–1.20) 0.79
Ezetimibe 1.06 (0.78–1.44)

* One study only provided data for the stratified analysis.
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Appendix Figure 11. Analysis of cardiovascular mortality, adjusted for follow-up.

Study or Subgroup

DESCARTES

LAPLACE-2

LAPLACE-TIMI 57

ODYSSEY COMBO I

ODYSSEY COMBO II

ODYSSEY FH I and FH II

ODYSSEY LONG TERM

ODYSSEY OPTIONS I

ODYSSEY OPTIONS II

Total (95% CI)

Heterogeneity: chi square = 4.71 (P = 0.79); I2 = 0%

Test for overall effect: Z = 1.78 (P = 0.07) 

log(Rate Ratio)

0.925

–1.793

1.092

–0.67

–0.687

0.916

–1.238

–1.118

–1.118

SE

1.549

1.633

1.633

1.414

1

1.549

0.627

1.633

1.633

6.5

5.9

5.9

7.8

15.7

6.5

39.9

5.9

5.9

100.00

0.01 0.1 1 10 100

Rate Ratio (95% CI)*Weight, %

Favors PCSK9 Antibody Favors No-Anti-PCSK9

2.52 (0.12–52.51)

0.17 (0.01–4.09)

2.98 (0.12–73.16)

0.51 (0.03–8.18)

0.50 (0.07–3.57)

2.50 (0.12–52.4)

0.29 (0.08–0.99)

0.33 (0.01–8.03)

0.33 (0.01–8.03)

0.49 (0.23–1.07)

See the legend for Figure 1 for abbreviation expansions.
* Inverse variance, fixed-effects model.

Appendix Figure 12. Analysis of myocardial infarction, adjusted for follow-up.

Study or Subgroup

DESCARTES

ODYSSEY ALTERNATIVE

ODYSSEY COMBO I

ODYSSEY FH I and FH II

ODYSSEY LONG TERM

Total (95% CI)

Heterogeneity: chi square = 3.17 (P = 0.53); I2 = 0%

Test for overall effect: Z = 2.18 (P = 0.03) 

log(Rate Ratio)

0.414

1.091

–0.67

0.916

–0.93

SE

1.633

1.633

1.414

1.549

0.356

3.9

3.9

5.2

4.4

82.6

100.00

0.01 0.1 1 10 100

Rate Ratio (95% CI)*Weight, %

Favors PCSK9 Antibody Favors No-Anti-PCSK9

1.51 (0.06–37.14)

2.98 (0.12–73.08)

0.51 (0.03–8.18)

2.50 (0.12–52.04)

0.39 (0.20–0.79)

0.49 (0.26–0.93)

See the legend for Figure 1 for abbreviation expansions.
* Inverse variance, fixed-effects model.

Appendix Figure 13. Analysis of unstable angina, adjusted for follow-up.

Study or Subgroup

DESCARTES

ODYSSEY LONG TERM

Total (95% CI)

Heterogeneity: chi square = 90 (P = 0.34); I2 = 0%

Test for overall effect: Z = 0.59 (P = 0.56) 

log(Rate Ratio)

0.414

–1.777

SE

1.633

1.633

50.0

50.0

100.00

0.01 0.1 1 10 100

Rate Ratio (95% CI)*Weight, %

Favors PCSK9 Antibody Favors No-Anti-PCSK9

1.51 (0.06–37.14)

0.17 (0.01–4.15)

0.51 (0.05–4.86)

See the legend for Figure 1 for abbreviation expansions.
* Inverse-variance, fixed-effects model.
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Appendix Figure 14. Analysis of increase in creatine kinase level, adjusted for follow-up.

Study or Subgroup

DESCARTES

GAUSS

GAUSS-2

LAPLACE-2

LAPLACE-TIMI 57

McKenney et al

MENDEL

MENDEL-2

ODYSSEY ALTERNATIVE

ODYSSEY COMBO I

ODYSSEY COMBO II

ODYSSEY FH I and FH II

ODYSSEY HIGH FH

ODYSSEY LONG TERM

ODYSSEY MONO

ODYSSEY OPTIONS I

ODYSSEY OPTIONS II

Roth et al (2012)

RUTHERFORD

RUTHERFORD-2

TESLA Part B

YUKAWA

Total (95% CI)

Heterogeneity: chi square = 17.65 (P = 0.67); I2 = 0%

Test for overall effect: Z = 2.19 (P = 0.03) 

log(Rate Ratio)

0.925

–1.068

–1.391

–1.054

1.603

–1.099

0.405

–0.281

0.397

–0.893

0.086

–0.568

0.888

–0.291

–1.629

1.079

–1.966

–1.066

1.946

–2.307

–0.724

1.128

SE

0.775

1.633

0.866

1.225

1.549

1.633

1.414

0.764

0.913

0.671

0.494

0.354

1.549

0.21

1.549

1.155

1.511

1.633

1.511

1.549

1.414

1.633

3.4

0.8

2.7

1.4

0.8

0.8

1.0

3.5

2.4

4.5

8.3

16.2

0.8

46.0

0.8

1.5

0.9

0.8

0.9

0.8

1.0

0.8

0.01 0.1 1 10 100

Rate Ratio (95% CI)*Weight, %

Favors PCSK9 Antibody Favors No-Anti-PCSK9

2.52 (0.55–11.52)

0.34 (0.01–8.44)

0.25 (0.05–1.36)

0.35 (0.03–3.85)

4.97 (0.24–103.44)

0.33 (0.01–8.18)

1.50 (0.09–23.96)

0.76 (0.17–3.38)

1.49 (0.25–8.90)

0.41 (0.11–1.53)

1.09 (0.41–2.87)

0.57 (0.28–1.13)

2.43 (0.12–50.60)

0.75 (0.50–1.13)

0.20 (0.01–4.08)

2.94 (0.31–28.30)

0.14 (0.01–2.71)

0.34 (0.01–8.45)

7.00 (0.36–135.3)

0.10 (0.00–2.07)

0.48 (0.03–7.75)

0.32 (0.01–7.95)

0.73 (0.55–0.97)

See the legend for Figure 1 for abbreviation expansions.
* Inverse-variance, fixed-effects model.
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Appendix Figure 15. Analysis of serious adverse events, adjusted for follow-up.

Study or Subgroup
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LAPLACE-2
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ODYSSEY OPTIONS I

ODYSSEY OPTIONS II

Roth et al (2012)

RUTHERFORD

RUTHERFORD-2

YUKAWA

Total (95% CI)

Heterogeneity: chi square = 8.99 (P = 0.98); I2 = 0%

Test for overall effect: Z = 0.14 (P = 0.89) 

log(Rate Ratio)
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0.399
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0.7

0.174

–0.05
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0.108

–0.028
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–0.019
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1.917

SE

0.327
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0.332
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1.633
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0.1
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1.28 (0.67–2.43)

3.09 (0.13–75.92)

0.75 (0.21-2.64)

1.07 (0.56-2.05)

1.49 (0.42–5.28)

0.33 (0.01-8.18)

4.50 (0.18–110.46)

2.01 (0.37–10.99)

1.19 (0.51–2.75)

0.95 (0.50–1.82)

1.05 (0.73–1.51)

1.11 (0.67–1.84)

0.97 (0.29–3.23)

0.96 (0.79–1.16)

0.98 (0.06–15.68)

0.56 (0.16–1.92)

0.74 (0.26–2.12)

3.10 (0.13–76.07)

5.00 (0.24–104.06)

0.70 (0.22–2.20)

6.80 (0.35–131.43)

1.01 (0.88–1.16)

See the legend for Figure 1 for abbreviation expansions.
* Inverse-variance, fixed-effects model.
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Appendix Figure 16. LDL-C percentage of change from baseline.

Study or Subgroup

DESCARTES (Atorvastatin 10 mg)
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GAUSS
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GAUSS-2
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LAPLACE-2 (Atorvastatin 80 mg)
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MENDEL-2
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Subtotal vs. ezetimibe
Total

Number of
Studies

Group

Random-effects analysis

Placebo
Ezetimibe
Total between
Overall

34
18

52

Point
Estimate

–58 768
–36 167

–47 494

Variance

1333
2516

127 703

Lower
Limit

–61 031
–39 276

–69 643

SE

1154
1586

11 301

–56 506
–33 058

–25 345

–90 –45 0 45 90

Difference in Means (95% CI)

Effect Size (95% CI)
Upper
Limit

Z Value

–50 905
–22 802

–4203

P Value

0000
0000

0000

P Value

0000
0036
0000
0000

Q  Value

169 290
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132 724
774 133

80 507
41 069

93 412

Test of Null (2-Tail) Heterogeneity
I2

Favors PCSK9 Antibody Favors No-Anti-PCSK9

See the legend for Figure 1 for abbreviation expansions.
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Appendix Table 7. Sensitivity Analyses for Efficacy

Comparison Analysis Efficacy Outcome: Mean Difference (95% CI), %

LDL-C HDL-C TC Lp(a)

Placebo MAb Alirocumab 75 mg
Q2W

–52.63 (–56.12 to –49.14) – – –14.60 (–28.27 to –0.93)

Alirocumab 150 mg
Q2W

–56.15 (–58.29 to –54.00) 4.97 (3.67 to 6.27) –38.87 (–43.58 to –34.16) –25.60 (–37.80 to –13.40)

Evolocumab 140 mg
Q2W

–63.46 (–65.41 to –61.51) 6.65 (5.12 to 8.17) –41.18 (–43.96 to –38.41) –32.31 (–38.23 to –27.38)

Evolocumab 420 mg
Q4W

–57.26 (–58.97 to –55.54) 7.25 (5.71 to 8.78) –36.96 (–39.67 to –34.29) –26.03 (–30.58 to –21.48)

Background
statin

None –53.65 (–59.51 to –47.78) 7.80 (5.20 to 10.40) –33.05 (–38.40 to –27.70) –23.56 (–31.19 to –15.92)
Nonintensive –65.24 (–70.46 to –60.02) 6.78 (4.53 to 9.04) –40.62 (–43.81 to –37.43) –29.05 (–35.57 to –22.52)
Intensive –57.93 (–60.95 to –54.91) 6.18 (5.01 to 7.35) –39.22 (–41.41 to –37.02) –28.90 (–33.23 to –24.57)

Ezetimibe MAb Alirocumab 75 mg
Q2W

–31.67 (–34.45 to –28.90) 6.20 (0.87 to 11.53) –22.20 (–26.65 to –17.76) –5.40 (–20.79 to 9.99)

Evolocumab 140 mg
Q2W

–39.27 (–41.84 to –36.70) 7.39 (5.16 to 9.62) –25.35 (–30.99 to –19.72) –26.88 (–33.46 to –20.30)

Evolocumab 420 mg
Q4W

–37.49 (–39.74 to –35.25) 6.37 (4.30 to 8.45) –23.96 (–27.33 to –20.59) –24.84 (–31.26 to –18.42)

Background
statin

None –36.23 (–39.24 to –33.26) 6.24 (3.87 to 8.60) –22.20 (–26.65 to –17.76) –15.39 (–21.02 to –9.76)
Nonintensive –37.49 (–40.81 to –34.16) 6.75 (4.47 to 9.03) –25.29 (–29.10 to –21.48) –26.12 (–30.54 to –21.71)
Intensive –34.42 (–39.06 to –29.79) 7.92 (4.70 to 11.14) –23.00 (–27.46 to –18.55) –33.66 (–40.05 to –27.28)

HDL-C = high-density lipoprotein cholesterol; LDL-C = low-density lipoprotein cholesterol; Lp(a) = lipoprotein(a); MAb = monoclonal antibody;
TC = total cholesterol; Q2W = once every 2 weeks; Q4W = once every 4 weeks.
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Appendix Figure 17. HDL-C percentage of change from baseline.

Study or Subgroup
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Total
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Overall
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Estimate
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Variance
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0557

0136
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Limit
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SE

0424
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8257

7023

–25 –12.5 0 12.5 25

Difference in Means (95% CI)

Effect Size (95% CI)
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Limit

Z Value
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9107

17 104

P Value

0000
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P Value
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0447
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Q  Value
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0000
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Test of Null (2-Tail) Heterogeneity
I2

Favors PCSK9 AntibodyFavors No-Anti-PCSK9

See the legend for Figure 1 for abbreviation expansions.
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Appendix Figure 18. Total cholesterol percentage of change from baseline.

Study or Subgroup
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Variance
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Difference in Means (95% CI)

Effect Size (95% CI)
Upper
Limit

Z Value

–44 206
–13 294

–4155
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See the legend for Figure 1 for abbreviation expansions.
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Appendix Figure 19. Lipoprotein(a) percentage of change from baseline.
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Test of Null (2-Tail) Heterogeneity
I2
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See the legend for Figure 1 for abbreviation expansions.
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