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Key Points

Question Is the clinical benefit of low-density lipoprotein cholesterol (LDL-
C) lowering preserved in patient populations starting with LDL-C levels
averaging 1.8 mmol/L (70 mg/dL) or less, and is LDL-C lowering safe in such
patients?

Findings In this meta-analysis, for statins and nonstatins, the risk of major
vascular events was significantly reduced by 21% for each 1-mmol/L (38.7-



mg/dL) reduction in LDL-C, which was virtually the same magnitude as seen
in the overall Cholesterol Treatment Trialists Collaboration analysis in which
the starting LDL-C was nearly twice as high. No adverse safety signal was
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Abstract

Importance In the Cholesterol Treatment Trialists Collaboration (CTTC), in
patients starting with low-density lipoprotein cholesterol (LDL-C) levels of
approximately 3.4 mmol/L (131.5 mg/dL), there was a 22% reduction in
major vascular events per 1-mmol/L (38.7-mg/dL) lowering of LDL-C. The
magnitude of clinical benefit of further LDL-C lowering in patients already
with very low LDL-C levels remains debated.

Objective To evaluate efficacy and safety of further lowering LDL-C levels in
patient populations presenting with median LDL-C levels of 1.8 mmol/L (70
mg/dL) or less.

Data Sources and Study Selection The CTTC was used for statin data. For
nonstatin therapy, Medline database was searched (2015-April 2018). Key
inclusion criteria were a randomized, double-blind, controlled cardiovascular
outcome trial of LDL-C lowering with data in populations starting with
LDL-C levels averaging 1.8 mmol/L (70 mg/dL) or less.

Data Extraction and Synthesis Two authors independently extracted data
into standardized data sheets, and data were analyzed using meta-analysis.

Main Outcomes and Measures The risk ratio (RR) of major vascular events
(a composite of coronary heart death, myocardial infarction, ischemic stroke,
or coronary revascularization) per 1-mmol/L (38.7-mg/dL) reduction in
LDL-C level.

Results In the subgroup of patients from the CTTC meta-analysis of statins
with a mean LDL-C in the control arm of 1.7 mmol/L (65.7 mg/dL), 1922
major vascular events occurred and the RR for major vascular events per
1-mmol/L (38.7-mg/dL) reduction in LDL-C was 0.78 (95% ClI, 0.65-0.94).



For 3 trials of nonstatin LDL-C-lowering therapies added to statins, there
were 50 627 patients, the median LDL-C in the control arms ranged from 1.6
mmol/L to 1.8 mmol/L (63 mg/dL to 70 mg/dL), and 9570 major vascular
R ' : -C by 0.3 to 1.2 mmol/L (11
FULL TEXT events per 1-mmol/L
0.70-0.88). For statins
and nonstatins combined, the RR was 0.79 (95% Cl, 0.71-0.87; P<.001).
l.ow-densicy lipoprotein cholesterol lowering was not associated with an

increasied risk of serious adverse events, myalgias and/or myositis, elevation
in the level of aminotransferases, new-onset diabetes, hemorrhagic stroke,

or cancer.

Conclusions and Relevance There is a consistent relative risk reduction in
major vascular events per change in LDL-C in patient populations starting as
low as a median of 1.6 mmol/L (63 mg/dL) and achieving levels as low as a
median of 0.5 mmol/L (21 mg/dL), with no observed offsetting adverse
effects. These data suggest further lowering of LDL-C beyond the lowest
current targets would further reduce cardiovascular risk.
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Introduction

A series of randomized clinical trials of statin therapy, first of statin vs no
statin and then intensive vs less intensive statin therapy, demonstrated
successive risk reduction, with experimental arms that achieved
progressively lower levels of low-density lipoprotein (LDL) cholesterol.!
Based on these data, National Cholesterol Education Program guidelines
recommended progressively lower LDL-C targets.? A meta-analysis of 26
statin trials by the Cholesterol Treatment Trialists Collaboration (CTTC)
quantified the magnitude of benefit. There was a 22% relative risk reduction
in major vascular events per 1-mmol/L reduction in LDL-C that was
consistent across baseline LDL-C levels, even down to less than 2 mmol/L
(77.3 mg/dL), although only a small proportion of patients started at such

low levels.3

We are now in a new era with nonstatin drugs that further lower LDL-C
levels and further reduce cardiovascular risk when added to statins. Clinical
trials with these drugs afford the opportunity to quantify the clinical benefit



of LDL-C lowering and to examine whether it remains consistent even in
individuals starting with and achieving lower levels than were examined in
the CTTC meta-analysis and lower than current guideline targets. Likewise,
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This study follows the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines.# The CTTC meta-analysis provided data
for statin therapy in a subset of patients starting with a mean LDL-C level of
1.7 mmol/L (65.7 mg/dL). We searched the medical literature via Medline
database for and analyzed randomized, double-blind, controlled
cardiovascular outcome clinical trials of adding LDL-C-lowering therapy to a
statin that have published data on patients starting with a mean or median
LDL-C level of 1.8 mmol/L (70 mg/dL) or less (a threshold for decision
making in guidelines). For further details on the literature search and
inclusion and exclusion criteria, see eMethods in the Supplement.

The CTTC outcome of major vascular events comprised of coronary heart
death, myocardial infarction, ischemic stroke (if available, otherwise all
stroke), or coronary revascularization was used. The risk ratio (RR) per
1-mmol/L (38.7-mg/dL) difference in LDL-C between treatment arms was
calculated for each trial. A fixed-effects inverse-weighting model was used
to meta-analyze the results. The association between achieved LDL-C and
estimated 5-year rate of major vascular events was evaluated using fixed-
effects meta-regression analysis of the data from each group (experimental
and control). Safety outcomes of interest included serious adverse events,
myalgias and/or myositis, elevation in the level of aminotransferases, new-
onset diabetes, hemorrhagic stroke, and cancer. Risk ratios and 95% Cl were
extracted or calculated from raw counts for each trial and meta-analyzed
using a fixed-effects inverse-weighting model. Statistical analyses were
performed using Comprehensive Meta Analyses, version 3.3.070 (Biostat
Inc) and R, version 3.2.2 (R Programming).

Results

In the CTTC meta-analysis of statin therapy,> within the subset of patients
starting with a mean LDL-C level of 1.7 mmol/L (65.7 mg/dL), the RR for



major vascular events per 1-mmol/L (38.7-mg/dL) reduction in LDL-C was
0.78 (95% Cl, 0.65-0.94). The literature search identified 32 studies
(eFigure in the Supplement), of which data from 3 randomized, double-
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Cuitcomes: Vytorin Efficacy International Trial (IMPROVE-IT)> studied
ezetimibe in 18 144 patients stabilized after a recent acute coronary

LDL-C-lowering therapy

n the meta-analysis
t enrolled patients with

syndrome.> The median LDL-C in the control arm was 1.8 mmol/L (70
mg/dL). Ezetimibe reduced LDL-C levels by 0.3 mmol/L (13 mg/dL) and the
relative risk of major vascular events by 7.5%. Further Cardiovascular
Outcomes Research With PCSK9 Inhibition in Patients With Elevated Risk
(FOURIER)® studied the PCSK9 inhibitor evolocumab in 27 564 patients with
stable atherosclerotic cardiovascular disease (either prior myocardial
infarction, prior stroke, or symptomatic peripheral artery disease).® Among
2034 patients with a baseline LDL-C level less than 1.8 mmol/L (70 mg/dL),
the median LDL-C level in the control arm was 1.7 mmol/L (66 mg/dL), and
evolocumab reduced LDL-C levels by 1.1 mmol/L (42 mg/dL) and the relative
risk of major vascular events by 22%.” Randomized Evaluation of the Effects
of Anacetrapib through Lipid Modification (REVEAL) studied the cholesteryl
ester transfer protein (CETP) inhibitor anacetrapib in 30 449 patients with
stable atherosclerotic cardiovascular disease (either prior myocardial
infarction, prior stroke or carotid revascularization, prior peripheral artery
revascularization, or diabetes with symptomatic coronary heart disease).8
The median LDL-C level in the control arm was 1.6 mmol/L (63 mg/dL).
Anacetrapib reduced LDL-C by 0.3 mmol/L (11 mg/dL) and the relative risk
of major vascular events by 7%.

A meta-analysis of the RR for major vascular events from each trial
normalized for the LDL-C reduction achieved in that trial is shown in Figure
1A. The data from the prior CTTC meta-analysis showed an RR of 0.78 (95%
Cl, 0.65-0.94) per 1-mmol/L (38.7-mg/dL) lowering of LDL-C for statins. For
nonstatin therapies, the RR was 0.79 (95% Cl, 0.70-0.88; P<.001). Data for
the individual components of the composite outcome were consistent
(Figure 2). The overall effect for statins and nonstatins was an RR of 0.79
(95% Cl, 0.71-0.87; P<.001).



Trial reports that did not provide the necessary information were excluded.
Specifically, Heart Outcomes Prevention Evaluation 3 (HOPE-3) studied
rosuvastatin but was excluded because the lowest reported starting LDL-C
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LERATE) studied the
CETP inhibitor evacetrapib but was excluded because LDL-C was not
rneasured oy B quantification, and it has been shown that in patients
receiving CETP inhibitors, both Friedewald estimation and direct LDL-C
assays underestimate LDL-C and therefore would overestimate LDL-C
reduction. The ODYSSEY Outcomes trial studied the PCSK9 inhibitor
alirocumab but was excluded because the lowest reported starting LDL-C
subgroup was only less than 2.1 mmol/L (80 mg/dL). However, sensitivity
analyses that included data extrapolated from these trials did not materially
affect the results, with point estimates that shifted by no more than 0.01
(eResults in the Supplement). The plot of achieved LDL-C vs the estimated
5-year rates of major vascular events in the experimental and control arms
of the 3 nonstatin trials (Figure 1B) shows a significant association, down to
0.5 mmol/L (21 mg/dL) (B, 0.35; 95% Cl, 0.25-0.45; P<.001).

In terms of safety, LDL-C lowering was not associated with an increased risk
of serious adverse events, myalgias and/or myositis, elevation in the level of
aminotransferases, new-onset diabetes, hemorrhagic stroke, or cancer in any

of the trials individually or when meta-analyzed (Table 2 and Figure 3).

Discussion

Extending observations made with statins, we found consistent clinical
benefit from further LDL-C lowering in patient populations starting as low as
a median of 1.6 mmol/L (63 mg/dL) and achieving levels as low as a median
of 0.5 mmol/L (21 mg/dL). Specifically, when examining 11 492 major
vascular events, there was a 21% relative risk reduction per 1-mmol/L (38.7-
mg/dL) reduction in LDL-C through this range. This relative risk reduction is
virtually the same as the 22% reduction seen in the overall CTTC analysis in
which the starting LDL-C was nearly twice as high.3 Moreover, these data
parallel observational data showing progressively greater coronary
atherosclerotic plaque regression and progressively lower adjusted risk of
major vascular events with progressively LDL-C levels down to less than 0.2
mmol/L (7 mg/dL).210 Furthermore, there was no evidence of an increased



incidence of adverse events with lowering LDL-C to such levels. These levels
are considerably lower than the targets or thresholds for additional
nonstatin LDL-C-lowering therapy in current cholesterol guidelines that, for
ol/L (70 mg/dL to 100
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identical fo- statins, ezetimibe, PCSK9 inhibition, and CETP inhibition,
despite these drugs having different effects on other risk markers such as

in LDL-C was virtually

high-density lipoprotein cholesterol, lipoprotein(a), and high-sensitivity
C-reactive protein. This observation reinforces the notion that the reduction
in LDL-C (or more broadly, atherogenic apolipoprotein B-containing
particles) is the primary driver of clinical benefit.

Because LDL-C-lowering therapies tend to produce the same relative
percentage lowering of LDL-C regardless of starting levels, the absolute
lowering of LDL-C and therefore the relative and absolute risk reductions
will mathematically be a function of the baseline LDL-C. For example, in
patients starting with an LDL-C level of 2.6 mmol/L (100 mg/dL), a 60%
decrease in LDL-C (what a PCSK9 inhibitor typically achieves) should lower
LDL-C by 1.6 mmol/L (60 mg/dL), reduce the relative risk of major vascular
events by 31%, and, assuming a 5-year major vascular event rate of 25% in a
secondary prevention population, yield an absolute risk reduction of 7.8%. If
the same patients started with an LDL-C level of 1.8 mmol/L (70 mg/dL),
LDL-C should be lowered by 1.1 mmol/L (42 mg/dL) and the relative risk of
major vascular events by 23%, which would yield an absolute risk reduction
of 5.8%.

However, because there were no offsetting safety concerns with LDL-C
lowering through this range, the benefit-risk ratio from a medical
perspective should always remain favorable (assuming longer-term safety
data of very low LDL-C in larger numbers of individuals are equally
reassuring). Assessment of cost-effectiveness is more complicated,'#!> and
whereas statins and ezetimibe are generic, PCSK9 inhibitors are not. If one
wishes to target a minimum absolute risk reduction in major vascular events
to justify the cost of therapy, a nomogram exists to identify patients based
on baseline risk and LDL-C.16

Limitations



This analysis included data from a small number of randomized clinical trials
with different entry criteria and durations of follow-up. Nonetheless, the risk
reduction per 1-mmol/L reduction in LDL-C was remarkably consistent. The
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i summary, there is a consistent relative risk reduction in major vascular
events per further reduction in LDL-C in patient populations starting as low
as a median of 1.6 mmol/L (63 mg/dL) and achieving levels as low as a
median of 0.5 mmol/L (21 mg/dL), with no offsetting adverse effects. These
data suggest further lowering of LDL-C thresholds for initiating more
intensive therapy, or simply targeting LDL-C at least as low as approximately
0.5 mmol/L or 20 mg/dL, would further reduce cardiovascular risk.
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