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Abstract
Purpose of Review Current guidelines on the management of patients with dyslipidemias recommend specific risk-dependent
low-density lipoprotein cholesterol (LDL-C) treatment goals. Recently, several randomized clinical trials have investigated
further lowering of LDL-C in addition to statin therapy using novel therapeutic approaches and examined their effects on
cardiovascular (CV) risk. This review summarizes newly available data on efficacy and safety of lowering LDL-C beyond statin
therapy and below current treatment targets.
Recent Findings In patients at very high risk for CVevents, a significant residual risk remains when failing to achieve significant
LDL-C reduction onmaximally tolerated statin therapy alone. Further lowering of LDL-C, even beyond current treatment targets,
has been shown to be safe and was associated with a further reduced CV risk reduction. The relative risk reduction per change in
LDL-C levels has been observed to be consistent even in patient populations achieving extremely low levels of LDL-C.
Summary In patients at very high CV risk, further lowering of LDL-C beyond statin therapy and present treatment targets has
been observed to further reduce CV risk, which may be foremost relevant for patients at a particular high absolute CV risk, e.g.,
for patients with progressive and/or very extensive coronary disease.
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Introduction

Atherosclerotic cardiovascular disease (CVD) remains a lead-
ing cause of premature death and morbidity. In Europe, CVD
causesmore than 4 million deaths each year, accounting for up
to 45% of all deaths [1]. Most of these deaths are attributable
to coronary heart disease (CHD) [2], although improved treat-
ment of cardiovascular (CV) risk factors as well as the

establishment of a more effective therapeutic strategy in the
setting of acute coronary syndromes has resulted in a decrease
of age-adjusted mortality of CHD [3]. Dyslipidemias repre-
sent a leading modifiable risk factor for CVD. In the
INTERHEART case-control study with 27,098 participants,
dyslipidemia, as defined by an elevated apolipoproteinB to
apolipoproteinA1 ratio, was associated with a particular high
mortality odds ratio (3.25), i.e., higher when compared to
other CV risk factors [4].

The observation that increased low-density lipoprotein
cholesterol (LDL-C) represents a causal risk factor for athero-
sclerotic CVD is now well accepted [5]. An independent pos-
itive association between LDL-C and CVD can be confirmed
by epidemiological data, extending even to very low levels of
LDL-C [6]. Genetic studies have shown that, in patients with
familial hyperlipoproteinemia (FH), lifetime exposure to ele-
vated LDL-C is associated with an excessive risk of CVD [7],
while the overall CV risk is considerably low in populations
with genetically determined low levels of LDL-C [8].

The therapeutic concept of reducing CV risk by lowering
LDL-C with statin therapy has been proven successful in nu-
merous clinical studies [9]. Later, the results of the
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IMPROVE-IT trial by using ezetimibe therapy showed that, in
CHD patients, lowering LDL-C below levels achieved by
statin therapy alone resulted in improved CV outcomes [10].
Also, additional therapies with monoclonal antibodies
inhibiting proprotein convertase subtilisin-kexin type 9
(PCSK9) and a long-acting RNA interference agent inhibiting
the synthesis of PCSK9 have proven to substantially lower
LDL-C beyond statin therapy [11–14], and well below current
treatment targets [15, 16]. Moreover, the findings of the
FOURIER and the ODYSSEY OUTCOMES trials showed,
for the first time, that inhibition of PCSK9, on the background
of statin therapy, not only lowers LDL-C but also significantly
reduces the risk of CVevents in patients at very high CV risk
[17, 18]. Since these data strongly support the “the lower the
better” hypothesis for LDL-C, the question arises as to wheth-
er lowering of LDL-C beyond statin therapy and the currently
recommended targets should be considered in patients at par-
ticular high CV risk. Additionally, even though the relation-
ship between increased levels of LDL-C and risk of CV mor-
bidity andmortality is well established, the safety of extremely
low LDL-C levels also needs to be considered.

Current Treatment Goals

Randomized controlled clinical trials have shown that, in pa-
tients with established CVD, lowering of LDL-C with statins
reduces the risk for CV events [9]. Consequently, the
American College of Cardiology/American Heart
Association (ACC/AHA) guidelines, published in 2014, rec-
ommended a high-intensity statin therapy in high-risk patients
in order to achieve a reduction of LDL-C by at least 50% [16],
whereas the former European Society of Cardiology/
European Atherosclerosis Society (ESC/EAS) guidelines,
published in 2011, recommended reducing LDL-C to a goal
of < 1.8 mmol/L (< 70 mg/dL) in very high-risk patients [19].
Both of these recommendations are derived from the consid-
eration that a CV-protective effect of lowering LDL-C is, in
addition to the individual CVrisk, primarily determined by the
absolute reduction of LDL-C [5].

There has been an extensive discussion about the recom-
mendation of risk-driven statin therapy without specific,
predefined LDL-C treatment goals (“fire and forget”) in
ACC/AHA guidelines. Additional LDL-C-lowering therapies
beyond statins were not adequately established at that time
[20].When additional LDL-C-lowering options became avail-
able, this concern was addressed by an ACC consensus state-
ment, published in 2016, evaluating the role of non-statin
therapy for lowering LDL-C and recommending to consider
the use of ezetimibe in very high-risk patients who had re-
maining elevated LDL cholesterol levels (may consider
LDL-C < 1.8 mmol/L (< 70 mg/dL)) on maximally tolerated
statin therapy alone [21].

Conversely, there were concerns that suggesting a sole,
fixed target LDL-C level of < 1.8 mmol/L (< 70 mg/dL), as
proposed by the 2011 ESC/EAS guidelines, might result in an
inadequate lowering of LDL-C by statin therapy in high-risk
patients with only slightly elevated levels of LDL-C at base-
line. Hence, the current European guidelines, published in
2016, recommend reducing LDL-C to a goal of <
1.8 mmol/L (< 70 mg/dL) or by at least 50% if the baseline
LDL-C is between 1.8 and 3.5 mmol/L (70–135 mg/dL) in
these patients [15]. Current ACC/AHA and ESC/EAS guide-
line recommendations on lowering LDL-C in patients at very
high CV risk are summarized in Table 1.

Benefits of a Targeted Approach to Lowering
of LDL-C

An important reason for the divergence from pre-existing
guidelines [19] and the move away from specific LDL-C tar-
gets in the 2013 ACC/AHA guidelines was the limited evi-
dence for CV benefit of additional LDL-C-lowering therapies
beyond statins, and the consideration that in randomized con-
trolled trials (RCTs) there were no specific LDL-C goals. The
National Lipid Association, however, noticed that treatment
goals represent a useful approach to ensure that the intensity of
an LDL-C-lowering therapy is matched to the individual risk
for CVD [22].

Having an on-treatment target is a familiar and helpful
aspect of clinical practice in CV medicine [23–25]. An on-
treatment target can aid in communication between doctors
and patients and can help improve compliance. Providing tar-
gets in well-defined treatment paradigms, as established in the
treatment of hypertension [24, 25], for example, also can
make monitoring response to treatment more convenient.

The strongest argument for a LDL-C-lowering goal strate-
gy exists for patients with a high CV risk and high pretreat-
ment levels of LDL-C [26]: an unmonitored approach to low-
ering LDL-C (“fire and forget”) might result in a high residual
CV risk when high-risk patients fail to achieve significant
reductions of LDL-C, keeping in mind the large patient-to-
patient variability in response to statins [27].

Another argument for the presence of specific treatment
targets is their potential to decrease barriers for access and
reimbursement, since these barriers will likely result in under-
utilization of effective LDL-C-lowering treatments.

Residual CV Risk Despite Low Levels of LDL-C

As evidenced bymeta-analyses of statin trials, an on-treatment
residual CV risk can be observed in high-risk patients, with a
5-year major event rate of 22% among patients with prior
CVD [9, 28]. In the Treating to New Targets Trial, 8.7% of
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patients with stable CHD experienced a major event over
5 years, despite receiving 80 mg of atorvastatin daily and
having an on-treatment LDL-C of 1.8–2.6 mmol/L (70–
135 mg/dL) only [29]. Pooled data from statin trials highlight
LDL-C as a marker of residual risk even in LDL-C level <
2.0 mmol/L (77 mg/dL) [9, 30].

Evidence of a substantial, and clinically significant, resid-
ual CV risk despite already relatively low levels of LDL-C
also comes from clinical trials investigating CVoutcomes of
further LDL-C-lowering therapies in addition to statins. In the
IMPROVE-IT trial, ezetimibe or placebo was added to 40 mg
of simvastatin in patients after an acute coronary syndrome
(ACS). The study had a median follow-up of 6 years. A pri-
mary endpoint (composite of cardiovascular death, non-fatal
myocardial infarction (MI), unstable angina requiring rehos-
pitalization, coronary revascularization (≥ 30 days after ran-
domization), or non-fatal stroke) occurred in 32.7% of patients
in the simvastatin-ezetimibe group, even though the median
time-weighted average LDL-C level during the study was on-
ly 1.4 mmol/L (53.7 mg/dL) in this group [10]. In the
FOURIER trial, 27,564 patients with evident atherosclerotic
disease and an LDL-C ≥ 70 mg/dL despite statin therapy
(preferably high-intensity statin therapy), with or without
ezetimibe, were randomized to receive either the PCSK9 in-
hibitor evolocumab or matching placebo as subcutaneous in-
jections. The mean duration of follow-up was 2.2 years. Since
patients were already treated with statins (and additional LDL-
C-lowering therapy using ezetimibe in 5% of the patients),
baseline LDL-C was 2.4 mmol/L (92 mg/dL) only. At
48 weeks of treatment with evolocumab, the median level of

LDL-C was as low as 0.8 mmol/L (30 mg/dL), correlating to a
mean 59% reduction of LDL-C as compared with placebo.
Still, in the group of patients treated with evolocumab, the
primary endpoint (CV death, MI, stroke, hospitalization for
unstable angina, or coronary revascularization) occurred in
9.8%, while 5.9% experienced a key secondary endpoint
(CV death, MI, or stroke) [17].

Efficacy of Lowering LDL-C Below Current
Targets in High-Risk Patients

Statins substantially reduce CV risk, but, as mentioned above, a
relevant CV risk remains in patients at very high CV risk, espe-
cially in those who remain to have high LDL-C levels even on a
maximum tolerated dose of statin therapy [31]. Also, side effects
of statin therapy such as statin-associated muscle symptoms are
rather rare, but they become relevant by reducing adherence to
statin treatment [32, 33].While the residual CVrisk in patients on
a maximally tolerated statin therapy may further be reduced by
focusing also on other CVdisease risk factors related to lifestyles,
blood pressure control, and detection and management of
dysglycemia, the aspects mentioned above, among others, have
led to trials investigating additional LDL-C-lowering therapeutic
approaches and their effects on CVevents.

In IMPROVE-IT, the addition of ezetimibe to simvastatin
in patients after ACS resulted in a significantly lower median
time-weighted average LDL-C as compared with simvastatin
monotherapy (1.4 mmol/L (53.7 mg/dL) vs. 1.8 mmol/L
(69.5 mg/dL), P < 0.001). The further reduction of LDL-C

Table 1 Summary of current ACC/AHA and ESC/EAS guideline recommendations on lowering LDL-C in patients at highest CV risk

Guideline ACC/AHA 2013 ESC/EAS 2016

Highest CV risk
category

History of ASCVD
LDL-C ≥ 4.9 mmol/L (190 mg/dL), age ≥ 21
DM at age 40–75 with LDL-C ≥ 1.8 mmol/L (70 mg/dL)
PCE 10-year risk of non-fatal and fatal hard ASCVD events ≥ 7.5% at age 40–75 with

LDL-C ≥ 1.8 mmol/L (70 mg/dL) (in some individuals, not all; discussion required)

CVD (MI, ACS, PCI, CABG, stroke/TIA, PAD)
DM with target-organ damage or with a major risk factor

(smoking, HTN, dyslipidemia)
Severe CKD (GFR< 30 mL/min/1.73 m2)
SCORE 10-year risk of fatal CVD ≥ 10%

Treatment
strategy

Fixed-dose statin Target level

LDL-C-lowering
treatment

High-intensity statin therapy:
History of ASCVD, age ≤ 75
LDL-C ≥ 4.9 mmol/L (190 mg/dL), age ≥ 21
DM at age 40–75 with LDL-C ≥ 1.8 mmol/L (70 mg/dL) and PCE 10-year risk of non-fatal and fatal

hard ASCVD events ≥7.5%
Moderate-intensity statin therapy:
History of ASCVD, age > 75 DM at age 40–75 with LDL-C ≥ 1.8 mmol/L (70 mg/dL) and PCE

10-year risk of non-fatal and fatal hard ASCVD events < 7.5%

Baseline LDL-C > 1.8 mmol/L (70 mg/dL): lifestyle
intervention and concomitant drug intervention

Baseline LDL-C < 1.8 mmol/L (70 mg/dL): lifestyle
intervention, consider drug

LDL-C treatment
goal

High-intensity statin therapy: LDL-C reduction of at least 50%
Moderate-intensity statin therapy: LDL-C reduction of 30–50%

Baseline LDL-C > 3.5 mmol/L (135 mg/dL): LDL-C goal
< 1.8 mmol/L (70 mg/dL)

Baseline LDL-C 1.8–3.5 mmol/L (70–135 mg/dL): LDL-C
reduction of at least 50%

Abbreviations: ACC/AHA, American College of Cardiology/American Heart Association; ACS, acute coronary syndrome; ASCVD, atherosclerotic
cardiovascular disease; CABG, coronary artery bypass graft surgery; CKD, chronic kidney disease; CV, cardiovascular; CVD, cardiovascular disease;
DM, diabetes mellitus; ESC/EAS, European Society of Cardiology/European Atherosclerosis Society; GFR, glomerular filtration rate; HTN, hyperten-
sion; LDL-C, low-density lipoprotein cholesterol; MI, myocardial infarction; PAD, peripheral artery disease; PCE, pooled cohort equations; PCI,
percutaneous coronary intervention; SCORE, systematic coronary risk estimation; TIA, transient ischemic attack
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translated into significantly fewer primary endpoints in the
simvastatin-ezetimibe group (P = 0.016) with no evidence of
adverse effects caused by further reducing LDL-C [10].
Likewise, in FOURIER, the further reduction of LDL-C to a
median level of 0.8 mmol/L (30 mg/dL) using the PCSK9
inhibitor evolocumab significantly reduced the primary effi-
cacy endpoint by 15% (9.8 vs. 11.3%, P < 0.001) and the key
secondary efficacy endpoint by 20% (5.9 vs. 7.4%, P < 0.001)
in patients with established CVD. Injection-site reactions were
more common with evolocumab, but with regard to other
adverse events, there was no significant difference between
the study groups [17].

In SPIRE-1 and SPIRE-2, a total of 27,438 patients with
either a history of CVD or FH or with a high risk for CVD were
randomized to either the PCSK9 inhibitor bococizumab or
matching placebo as subcutaneous injections. Because of high
rates of the development of neutralizing antidrug antibodies,
resulting in an attenuation of the LDL-C-lowering effect, the
SPIRE trials were stopped early. Still, in SPIRE-2, the addition
of bococizumab, as compared with placebo at 52 weeks of treat-
ment, resulted in a 1.5 mmol/L (57.3 mg/dL) absolute difference
in LDL-C. After a median follow-up of 1.0 year, treatment of
bococizumab significantly reduced the incidence of the primary
composite outcome (CVD, MI, stroke, or hospitalization for un-
stable angina requiring urgent coronary revascularization) as well
as the secondary composite outcome (CVD, MI, or stroke) (P =
0.02 and P < 0.007, respectively) [34].

Recently, Ference et al. compared the efficacy of PCSK9 in-
hibitors and statins for reducing the risk of CVevents by compar-
ing the results of the FOURIER and SPIRE trials with the results
of the Cholesterol Treatment Trialists Collaboration (CTTC)meta-
analysis of statin trials. The authors found that the magnitude of
risk reduction in the PCSK9 inhibitor trials was exactly what
would have been expected based on the CTTC meta-analysis on
statin trials when the effects of PCSK9 inhibitors and statins are
compared by total duration of therapy and during each year of
treatment: per 1 mmol/L (38.7 mg/dL) reduction in LDL-C, treat-
mentwith a PCSK9 inhibitor reducedmultiple different CVevents
by 11–16% in the first year of treatment, which is nearly identical
to the 4–16% reduction in risk seen during the first year of treat-
ment in the statin trials. Likewise, in the FOURIER trial, treatment
with evolocumab reduced multiple different CV events by 18–
23% per 1 mmol/L (38.7 mg/dL) reduction in LDL-C during the
second year of treatment, which is again nearly identical to the 22–
25% reduction in risk seen during the second year of treatment in
the statin trials [35].

Current ESC/EAS guidelines have already mentioned
PCSK9 inhibition as a class IIb recommendation in patients at
very high CV risk, with persistent high levels of LDL-C despite
treatment with maximally tolerated statin dose, in combination
with ezetimibe or in patients with statin intolerance [15].
Additionally, an ESC/EAS task force recently provided a con-
sensus document, discussing an optimized clinical use of

PCSK9 inhibiting antibodies in patients at very high CV risk
or familial hypercholesterolemia [36, 37•]. In summary, the task
force recommends to consider PCSK9 inhibition in:

– Patients at very high CV risk with additional risk indica-
tors, who have an LDL-C > 100 mg/dL despite recom-
mended maximally tolerated statin plus ezetimibe
treatment

– Patients at very high CV risk without additional risk in-
dicators, who have an LDL-C > 140 mg/dL despite rec-
ommended maximally tolerated statin plus ezetimibe

– FH patients without CVD, but with additional risk fac-
tors, who have an LDL-C > 140 mg/dL despite recom-
mended maximally tolerated statin plus ezetimibe

– FH patients without CVD and without additional risk
factors, who have an LDL-C > 180 mg/dL despite recom-
mended maximally tolerated statin plus ezetimibe

Although current European and US recommendations high-
light the use of PCSK9 inhibitors to further lower LDL-C in
specific very high-risk patients [21, 36, 37•], uptake of PCSK9
inhibitors has been limited [38]. Several cost-effectiveness anal-
yses of PCSK9 inhibitors have been published, producing
widely varying and potentially conflicting results [39–46].
Just recently, Annemans et al. have reported a “highest risk–
highest benefit” concept to optimize cost-effectiveness not only
on an individual basis, but also for society [47]. In this concept,
the highest risk categories include:

– Polyvascular disease
– CVD with comorbidities such as diabetes with end-organ

damage or chronic kidney disease
– FH with a CVevent

Applying the “highest risk–highest benefit” concept in daily
practice might help promote cost-effective and reasonable utili-
zation of PCSK9 inhibitors in high-risk patients while preventing
inefficiency of costs in patients at lower risk for CVevents.

In a recent meta-analysis for statin and non-statin treatments of
dyslipidemia, Sabatine et al. investigated efficacy and safety of
further lowering LDL-C in patients with very low levels of
LDL-C. While, for statins, a 22% reduction of major vascular
events per 1 mmol/L (38.7 mg/dL) reduction of LDL-C was ob-
served in a subgroup of the patients from the CTTCmeta-analysis
with a mean LDL-C in the control arm of 1.7 mmol/L (65.7 mg/
dL), an analysis of three trials of non-statin LDL-C-lowering ther-
apies added to statins with a median LDL-C in the control arms
ranging from 1.6 to 1.8 mmol/L (63 to 70 mg/dL) revealed an
almost identical 21% reduction of major vascular events per
1 mmol/L (38.7 mg/dL) reduction of LDL-C. Combining the data
of statin and non-statin trials, the authors found a 21% reduction of
major vascular events per 1 mmol/L (38.7 mg/dL) reduction of
LDL-C [48].
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Table 2 summarizes those randomized controlled trials in
which LDL-C levels below targets recommended by current
guidelines were achieved.

Safety of Lowering LDL-C Below Current
Targets in Very High-Risk Patients

In the meta-analysis by Sabatine et al. mentioned above, low-
ering LDL-C to very low levels was not associated with an
increased risk of serious adverse events, myalgias, myositis,
elevation in the level of aminotransferases, new-onset diabe-
tes, hemorrhagic stroke, or cancer, even in patients with very
low levels of LDL-C [48]. Another meta-analysis demonstrat-
ed an association of treatment with statins and a small increase
in the risk of diabetes [49••]. Furthermore, Mendelian ran-
domization studies show that genetic variants mimicking
PCSK9 and statins are associated with a similar increased risk
of diabetes per unit change in LDL-C [50]. Additional analy-
ses of the PCSK9 inhibitor trials stratified by fasting glucose
level should provide more insight into whether the effect of
PCSK9 inhibition on the risk of new-onset diabetes is clini-
cally relevant. However, it must be emphasized that both the
naturally randomized genetic evidence and the numerous stat-
in trials clearly suggest that the beneficial effect of lowering
LDL-C by either statins or PCSK9 inhibitors far exceeds any
potential risk of new-onset diabetes [49••, 50].

Achievement of Current LDL-Cholesterol
Treatment Goals: Real-World Data

The benefits of LDL-C-lowering therapies seen in studies and
recommended in the guidelines will only be implemented in
real life if patients are treated accordingly and adhere to the
prescribed LDL-C-lowering strategy.

As discussed above, lowering LDL-C to the goal of <
1.8 mmol/L (< 70 mg/dL) and achieving ≥ 50% LDL-C re-
duction when this goal cannot be reached is a class IA recom-
mendation in current guidelines [15, 16, 21], but only 35–40%
of very high-risk patients in registries achieve their LDL-C
treatment goals [51]. The EUROASPIRE investigators gath-
ered CHD patients’ data from 79 centers in 24 European coun-
tries. A total of 6,648 patients were surveyed 6–36 months
after hospitalization for a CHD event (coronary artery bypass
grafting, percutaneous coronary intervention, acute myocardi-
al infarction, acute myocardial ischemia). At the time of the
interview, statin therapy had been discontinued in 11.6% and
only 19.3% of all CHD patients had LDL-C levels below the
target value of 1.8 mmol/L (70 mg/dL) [52].
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Conclusions

Multiple epidemiological, genetic, and clinical studies have
shown a continuous relation between LDL-C and risk for CV
events. The benefit of lowering LDL-C has been proven by
numerous randomized clinical trials. Currently, LDL-C treat-
ment goals are recommended, but, since the relationship be-
tween LDL-C and CV risk is continuous, these goals are also
provided for educational purposes. Furthermore, LDL-C treat-
ment goals have neither been challenged nor verified in ran-
domized trials. However, in clinical practice, LDL-C treatment
goals are a strong incentive for both the patient and the physi-
cian, representing a useful metric of therapeutic success and
preventing underutilization of further LDL-C-lowering thera-
pies such as ezetimibe and PCSK9 inhibitors in patients at
particular high CV risk. Since the efficacy of LDL-C-
lowering therapies to reduce CVrisk depends on the magnitude
of their LDL-C-lowering effect, the greatest CV risk reduction
can be achieved by intensively lowering LDL-C in patients at
very high CV risk with very high levels of LDL-C. In clinical
trials, lowering of LDL-C below targets currently recommend-
ed has proven to be efficacious and safe, and can be cost-
effective in selected patients at particular high CV risk.
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