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Abstract

Despite the availability of lipid-lowering therapies (LLTs) that are safe and effective, the overall rate of low-density lipopro-
tein cholesterol (LDL-C) control at a population level in real-life studies is low. Higher-intensity treatment, earlier interven-
tion, and longer-term treatment have all been shown to improve outcomes. However, in clinical practice, actual exposure to
LLT is a product of the duration and intensity of, and adherence to, the treatment. To increase exposure to LLTs, the Euro-
pean Society of Cardiology guidelines recommended a stepwise optimization of LLTs by increasing statin intensity to the
maximally tolerated dose, with subsequent addition of ezetimibe and proprotein convertase subtilisin/kexin type 9 (PCSK9)
inhibitors. Evidence from randomized controlled trials performed in a range of patients suggested that adding ezetimibe
to statins rather than doubling the statin dose resulted in significantly more patients at LDL-C goal and significantly fewer
patients discontinuing treatment because of adverse events. In addition, data showed that combination treatments effectively
increased exposure to LLT. Despite these data and recommendations, optimization of LLT is often limited to increasing
statin dose. Therapeutic inertia and poor treatment adherence are significant and prevalent barriers to increasing treatment
exposure. They are known to be influenced by pill burden and complexity of treatment. Single-pill combinations provide
a strategic approach that supports the intensification of treatment without increasing pill burden or treatment complexity.
Single-pill combinations, compared with free associations, have been shown to increase the adherence to LLT and the per-
centage of patients at LDL-C goal.

Key Points

Single-pill combinations provide a strategic approach
that supports the intensification of lipid-lowering therapy
(LLT) without increasing pill burden or treatment com-

plexity.
Single-pill combinations, compared with free associa-
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ASCVD development [1, 2]. In addition, evidence derived
from Mendelian randomization observations, epidemio-
logical studies, and clinical intervention trials has shown
that aggressive therapeutic targets are needed, mainly in
high-risk individuals [1-3]. Lowering plasma LDL-C with
lipid-lowering therapies (LLTs; defined herein as statins,
ezetimibe, and proprotein convertase subtilisin/kexin type
9 [PCSK9] inhibitors) is associated with a decrease in ath-
eroma progression and major vascular events [4—8], and
patients who have low lifetime LDL exposure based on
their genetics have a significantly lower risk of having a
major coronary event than patients with higher lifetime
exposures [9].

Higher-intensity treatment, earlier intervention, and
longer-term treatment have all been shown to improve
outcomes [6, 10]. These observations are likely to reflect
increases in exposure to LLT and therefore decreases in
exposure to LDL-C. In clinical practice, the actual expo-
sure to LLT is a product of intensity and adherence [11].
Overall exposure to LLT is, thus, the product of adherence
X intensity X treatment duration [11, 12].

Despite this understanding that appropriate exposure to
LLT reduces lipid levels, atherosclerosis, and cardiovas-
cular risk, control of lipid levels in patients with dyslipi-
demia remains suboptimal at a population level, and new
strategies need to be implemented to improve exposure to
LLT [13-16]. The recent cross-sectional EUROASPIRE-V
survey (see Table 1 for the full names of trials referred to
in this article) from 2016 to 2017 (N = 7824) showed that
the LDL-C target level of < 1.8 mmol/L (70 mg/dL) was
reached by only 30% of patients with coronary heart dis-
ease [13]. Similar observations were made in other high-
risk populations, such as patients with heterozygous famil-
ial hypercholesterolemia. In the SAFEHEART study (N =
1939), < 20% of patients were at LDL-C target after 5-7
years of follow-up [17]. These control rates would have been

Table 1 Full names of cited trials

even lower if the new LDL-C target of 1.4 mmol/L (< 55
mg/dL) had been considered [16].

In this narrative review, we describe the potential benefits
of combination treatment. We highlight some of the barri-
ers to lipid control and present data that support the use of
single-pill combinations (SPCs) as an approach to increasing
exposure to LLT.

2 Combination Treatments: Evidence
Supporting Statin and Ezetimibe
Combination

To increase exposure to LLT, European guidelines recom-
mended add-on treatment with ezetimibe for patients who
do not meet their treatment goals on the maximally tolerated
dose of statin [18]. Triple therapy with a PCSK9 inhibitor
such as evolocumab or alirocumab can be considered for
patients who have not met LDL-C targets with ezetimibe/
statin therapy [18, 19]. However, it is important to note
that recent studies showed that a majority of patients are
expected to meet LDL-C targets with ezetimibe/statin com-
binations. According to models, up to 85% of patients post-
acute coronary syndrome (ACS) and 81% of patients with
dyslipidemia or coronary artery disease would be unlikely to
meet the most recent criteria for triple therapy with a PCSK9
inhibitor; therefore, the focus should remain on combina-
tions of ezetimibe and statins [18, 20, 21].

2.1 Lipid Levels

Evidence from randomized controlled trials (RCTs) per-
formed in a range of patients supports the addition of
ezetimibe to statins when treatment targets have not been
reached [22]. In IMPROVE-IT (N = 18,144) [23], in which
post-ACS subjects were treated with ezetimibe 10 mg/

Study acronym  Full trial name

Efficacy and safety of ezetimibe added on to rosuvastatin versus up titration of rosuvastatin in hypercholesterolemic patients at

Examination of potential lipid-modifying effects of rosuvastatin in combination with ezetimibe versus rosuvastatin alone

ACTE
risk for coronary heart disease
EUROASPIRE  European action on secondary and primary prevention by intervention to reduce events
EXPLORER
GRAVITY Gauging the lipid effects of rosuvastatin plus ezetimibe versus simvastatin plus ezetimibe therapy
IMPROVE-IT  Improved reduction of outcomes: vytorin efficacy international trial
I-ROSETTE Ildong rosuvastatin and ezetimibe for hypercholesterolemia
PACE

A randomized, double-blind, active-controlled, multicenter study of patients with primary hypercholesterolemia and high

cardiovascular risk who are not adequately controlled with atorvastatin 10 mg: a comparison of the efficacy and safety of
switching to coadministration ezetimibe and atorvastatin versus doubling the dose of atorvastatin or switching to rosuvasta-

tin

PRECISE-IVUS Plaque regression with cholesterol absorption inhibitor or synthesis inhibitor evaluated by intravascular ultrasound study

SAFEHEART  Spanish familial hypercholesterolemia cohort

A\ Adis



Is it Time for Single-Pill Combinations in Dyslipidemia?

241

simvastatin 40 mg or with placebo/simvastatin 40 mg for
6 years, levels of LDL-C were 20% lower in the ezetimibe/
simvastatin group than in the placebo/simvastatin group
(median time-weighted average of 1.4 mmol/L [53.7 mg/
dL] vs. 1.8 mmol/L [69.5 mg/dL], respectively; p < 0.001).
Similarly, data from multiple large RCTs showed that the
addition of ezetimibe to statins significantly increased
the number of patients at treatment goal (Table 2) [22,
24, 25]. In addition, in multiple trials and meta-analyses,
adding ezetimibe to statins rather than doubling the statin
dose resulted in significantly more patients at LDL-C goal
[25-28]. Pooled data from the ACTE study (N = 440) in
patients at moderately high/high risk of coronary heart dis-
ease showed that the addition of ezetimibe to rosuvastatin
5 or 10 mg reduced LDL-C by 21%, whereas doubling the
rosuvastatin dose from 10 to 20 mg reduced LDL-C by 5.7%
(between-group difference 15.2%; p < 0.001) [28].

The efficacy benefits of adding ezetimibe to a statin treat-
ment appear to be maintained in real-world situations. Anal-
ysis of 2004-2008 health records of 11,417 patients with

high-risk cardiovascular disease who had not experienced
LDL-C control on statin monotherapy showed that switching
to combination ezetimibe/simvastatin therapy increased the
odds of LDL-C control compared with intensifying statin
monotherapy (odds ratio [OR] 2.5; 95% confidence interval
[CI] 2.2-2.9 for LDL-C < 2.6 mmol/L [100 mg/dL] and OR
3.9;95% CI3.3-4.5 for LDL-C < 1.8 mmol/L [70 mg/dL])
(Fig. 1) [29].

2.2 Atherosclerosis

These results are further substantiated by studies showing
that combination treatment had a greater effect on athero-
sclerotic plaque regression than monotherapy with a statin
[8, 30, 31]. In a prospective randomized open-label study of
patients with stable coronary artery disease needing percu-
taneous coronary intervention (N = 51), the percent change
in plaque volume after 6 months of treatment was signifi-
cantly greater in the combination ezetimibe 10 mg/rosuvas-
tatin 5 mg group than in the rosuvastatin 5 mg monotherapy

Table 2 Evidence from selected randomized controlled trials supporting the use of add-on ezetimibe to reach LDL-C targets [22, 24-26]

Study name N  Patients Intervention Control Duration LDL-C goal < 2.6 LDL-C goal of < 1.8
(weeks) mmol/L (100 mg/ mmol/L (70 mg/
dL); intervention dL); intervention vs.
vs. control control
Strategy: adding ezetimibe vs. maintaining monotherapy dose
EXPLORER [22] 469 Hypercholester- Ezetimibe/rosuvas- Rosuvastatin 40 6 94.0 vs. 79.1%; NA
olemia + high tatin 10/40 mg mg p <0.001
risk of CHD
EXPLORER [22] 393 Hypercholester- Ezetimibe/rosuvas- Rosuvastatin 40 6 NA 79.6 vs. 35.0%;
olemia + very tatin 10/40 mg mg p <0.001
high risk of CHD
I-ROSETTE [24] 325 Hypercholester- Ezetimibe/rosuvas- Rosuvastatin 5, 10, 8 92.0 vs. 77.8%; NA
olemia + CHD/ tatin 10/5, 10/10, or 20 mg p <0.001
CHD risk equiva-  or 10/20 mg
lents
Ran et al. [25] 84  Non-ST-elevation  Ezetimibe/ rosuvas- Rosuvastatin 10 6 NA 81.0 vs. 33.3%;
ACS tatin 10/10 mg mg p <0.05
Strategy: adding ezetimibe vs. doubling monotherapy dose
ACTE [28] 440 Hypercholes- Ezetimibe/ rosu- Rosuvastatin 20 6 59.4 vs. 30.9%; 43.8 vs. 17.5%;
terolemia + vastatin 10/5 or mg p <0.001 p <0.001
moderate-high 10/10 mg
CHD risk
PACE [26] 603 Hypercholester- Ezetimibe/atorvas-  Atorvastatin 20 mg 6 56.3 vs. 37.4%; 19.3 vs. 3.0%;
(period I) olemia + high tatin 10/10 mg p <0.01 p <0.01
ASCVD risk
PACE [26] 250 Uncontrolled on Ezetimibe/atorvas-  Atorvastatin 40 mg 6 55.8 vs. 34.1%; 18.3 vs. 0.8%;
(period II) atorvastatin 20 tatin 10/20 mg p <0.01 p <0.01
mg during phase
1
Ran et al. [25] 83 Non-ST-elevation  Ezetimibe/rosuvas- Rosuvastatin 20 6 NA 81.0 vs. 68.3%;

ACS tatin 10/10 mg

mg

p <0.05

ACS acute coronary syndrome, ASCVD atherosclerotic cardiovascular disease, CHD coronary heart disease, LDL-C low-density lipoprotein cho-

lesterol, NA not available
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Fig. 1 Efficacy benefits of adding ezetimibe to a statin treatment in
real-world situations [29]. Adjusted odds ratios (95% confidence
interval) for the attainment of LDL-C goals among 11,417 patients.
Switchers were defined as patients who switched from statin mono-
therapy to combination ezetimibe/simvastatin (10/10, 10/20, 10/40,

group (— 13.2 vs. — 3.1%, respectively; p = 0.050) [31].
In addition, in the randomized controlled PRECISE-IVUS
study (N = 202), the combination of ezetimibe/atorvastatin
had a significantly greater effect on absolute changes in ath-
eroma volume than did statin monotherapy (median — 3.9
[interquartile range {IQR} — 10.6-0.0] mm?® vs. — 1.0 [IQR
—6.8-5.7] mm°; p = 0.001) [8]. More patients treated with
ezetimibe/atorvastatin showed coronary plaque regression
(78 vs. 58% on monotherapy; p = 0.004) [8]. Consistent
with these data, a meta-analysis of six studies that used intra-
vascular ultrasound to assess atheroma volume (N = 583)
showed that treatment with an ezetimibe/statin combination
was more effective in reducing total atheroma volume than
treatment with a statin in monotherapy (weighted mean dif-
ference — 3.71 mm>; 95% CI — 5.98 to — 1.44; p <0.001)
[30]. Even though it has been claimed that the inhibition
of plaque progression may be partially related to the anti-
inflammatory effects of statins [32], it has definitely been
proven that a greater reduction in LDL-C is associated with
greater inhibition of plaque progression, making it reason-
able to use the maximal tolerated LDL-C-lowering potential
to halt atherosclerosis progression.

2.3 Clinical Outcomes
Outcomes studies and meta-analyses further support the

benefit of treatment with an ezetimibe/statin combina-
tion. In IMPROVE-IT, for instance, the risk of patients
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Odds ratio (95% Cl)forgoalattainment

10/80 mg) therapy. Titrators were defined as patients who either
titrated their statin monotherapy to a higher dose of the same statin or
switched to a higher-potency dose of another statin. 70 mg/dL = 1.81
mmol/L; 100 mg/dL = 2.59 mmol/L. LDL-C low-density lipoprotein
cholesterol. Adapted with permission from Toth et al [29]

post-ACS reaching the primary composite cardiovascu-
lar endpoint after 7 years was lower in the ezetimibe 10
mg/simvastatin 40 mg group than in the placebo/simvas-
tatin 40 mg group (32.7 vs. 34.7%, respectively; hazard
ratio [HR] 0.936 [95% CI 0.89-0.99]; p = 0.016) [23].
In the subset of patients aged > 75 years, treatment with
ezetimibe/simvastatin 40 mg led to significantly greater
decreases in the primary composite outcome than treat-
ment with simvastatin monotherapy alone (HR 0.797
[95% CI 0.704-0.902]) [23]. When total events were con-
sidered (5314 first events and 4231 subsequent events),
the incidence of cardiovascular events was significantly
lower in the ezetimibe/simvastatin group than in the con-
trol group (incidence rate ratio 0.91 [95% CI 0.85-0.97];
p =0.007) [33]. Similarly, a meta-analysis by Nussbaumer
et al. [34] of data from nine RCTs (N = 19,461) showed
that ezetimibe/statin combination therapy was associated
with a significantly lower risk of reaching the composite
cardiovascular endpoint than was statin monotherapy (HR
0.94 [95% CI1 0.89-0.99]; p = 0.016) [34]. The clinical
benefit of ezetimibe demonstrated in clinical trials was
also shown in observational studies: in a population-based
cohort study of 212,110 patients who had an ACS between
2006 and 2010, ezetimibe/statin combination, when com-
pared with statin monotherapy, was associated with a sig-
nificantly lower risk of being rehospitalized because of
ACS (HR 0.64 [95% CI 0.60-0.69]) and a significantly
lower risk of having a revascularization procedure (HR
0.69 [95% CI 0.63-0.76]) [35].
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2.4 Safety and Tolerability

As increasing statin dose is often limited by tolerability, the
addition of ezetimibe offers a treatment strategy that sup-
ports intensification of treatment without increasing the risk
of statin-related adverse events or discontinuations. Studies
showed that adding ezetimibe to existing treatment did not
significantly increase the rate of drug-related adverse events
[22, 23] and that combination treatment with ezetimibe/
statin was associated with lower adverse event rates than
increasing statin dose [25, 26].

In randomized placebo-controlled trials, such as
IMPROVE-IT and EXPLORER (N = 469), as well as in
meta-analyses of RCTs, combination treatment was well-
tolerated [22, 23, 34, 36, 37]. The meta-analysis by Nuss-
baumer et al. [34], for instance, showed that ezetimibe/statin
combination therapy, compared with statin monotherapy,
did not increase the relative risk (RR) of adverse events
(RR 0.98 [95% CI 0.89-1.07]), serious adverse events (RR
1.09 [95% CI 0.77-1.55]), or discontinuation because of an
adverse event (RR 0.85 [95% CI 0.51-1.43]) [34]. When
specific adverse events were looked at in a systematic review
of safety data from 14,471 patients enrolled in 18 RCTs,
ezetimibe/statin combination therapy, when compared with
statin monotherapy over a period of 6—48 weeks, did not
result in significant increases in the risk of myalgia, rhab-
domyolysis, or gastrointestinal adverse events; in the risk of
creatine kinase or transaminase levels rising; or in discon-
tinuations because of adverse events [36]. Despite the fact
that a polymorphism in the Niemann-Pick C1-Like I gene,
which mimics the effect of ezetimibe, has been associated
with gallstone disease [38], observations in clinical studies
did not indicate that ezetimibe influenced the occurrence of
gallstones [39]. These observations have also been made in
high-risk patients. As shown in the IMPROVE-IT trial, the
addition of ezetimibe 10 mg to simvastatin 40 mg in patients
aged > 75 years, who are often more susceptible to adverse
events because of frailty and polypharmacy, was not associ-
ated with a significant increase in safety issues compared
with simvastatin 40 mg monotherapy [37].

Importantly, addition of ezetimibe to an existing dose
of statin monotherapy may have tolerability benefits over
uptitration of the statin dose [25, 26]. In the PACE (N =
603) study, fewer patients in the combination ezetimibe 10
mg/atorvastatin 10 mg group than in the atorvastatin 20 mg
monotherapy group experienced adverse events (7.5 vs.
11.9%, respectively) and drug-related adverse events (0.8 vs.
3.1%, respectively); no significant differences in prespeci-
fied events (increases in alanine aminotransferase, aspar-
tate aminotransferase, gastrointestinal adverse events, and
allergic reactions) were noted [26]. Similarly, in a 12-week
RCT of patients with non-ST-elevation ACS (N = 125), the
rate of drug-related adverse events was significantly lower

in the ezetimibe 10 mg/rosuvastatin 10 mg group than in
the rosuvastatin 20 mg group (4.8 vs. 17.0%, respectively;
p < 0.05) [25]. In particular, muscle pain was reported by
2.4% of those in the combination group and 12.2% in the
monotherapy group (p < 0.05) [25].

For the management of patients reporting muscular intol-
erance to statins, a step-by-step approach is recommended
to avoid statin cessation and to determine the maximally
tolerated statin intensity [18, 40]. Then, the combination
with ezetimibe may compensate the loss of efficacy due to
the reduction in statin intensity. Whether SPC could have an
incremental advantage over the separate pills in this situa-
tion, e.g., by reducing a potential “nocebo effect” by hiding
the statin, is hypothetical and not clearly determined.

3 Barriers to Low-Density Lipoprotein
Cholesterol Control: Clinical Inertia
and Poor Treatment Adherence

Despite the availability of these effective lipid-lowering
strategies, actual exposure to LLT in real-life situations is
insufficient to reach lipid targets; treatment is not escalated
in all patients with uncontrolled lipid levels, and not all
patients who are prescribed a combination LLT experience
lipid control [41]. Adequate exposure, which is a product of
intensity of treatment and adherence to treatment, requires
that a number of interlinked modifiable factors, such as
therapeutic inertia, medication adherence, and persistence,
be addressed.

3.1 Therapeutic Inertia

As the current treatment strategies for patients who have not
experienced control relies on the progressive intensification
of statin treatment, followed by the addition of ezetimibe,
and finally the addition of a PCSK9 inhibitor, physician
willingness to modify treatment is a significant factor in the
likelihood of such patients achieving LDL-C control.
Therapeutic inertia, which is defined as a lack of change
in treatment despite target goals not being met, has been
noted in a number of studies [15, 29, 42]. For instance,
analysis of records from 2004 to 2008 in a US managed
care database showed that, among the 11,417 patients not
at treatment goal on statin therapy, 31.7% remained on the
same dose of statin monotherapy [29]. Similarly, in a Span-
ish evaluation of 151 physicians, 1452 patients, and 5092
consultations, therapeutic inertia was observed in 43% of
consultations in which a treatment change was warranted
[42]. For high-risk patients, pill burden is a significant influ-
encer of the willingness of physicians to escalate treatment.
Therapeutic inertia has been shown to correlate with neg-
ative outcomes. In a case-controlled multivariate analysis
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of data from high-risk patients with hypercholesterolemia
who had experienced an ischemic event (N = 470), thera-
peutic inertia at baseline was significantly associated with
short-term recurrence of ischemic events (OR 2.18 [95%
CI 1.04-4.51], p < 0.05) [43]. Moreover, in a retrospec-
tive database study of patients who had a cardiovascular
event between 2004 and 2016 (N = 28,625), less than 25%
of patients had experienced lipid control and only 22% of
patients were taking a high-intensity statin 6 months after
the index event [15]. Treatment with low-intensity statins
was a significant predictor of cardiovascular event recur-
rence (HR 1.16 [95% CI 1.06-1.28]; p = 0.002) [15].

3.2 Adherence and Persistence

Adherence and persistence are measures of how well a
patient follows the prescribed regimen. For long-term treat-
ments, adherence measures the proportion of prescribed
medication taken during a defined period of time; persis-
tence measures whether a treatment is continued over time.
As with therapeutic inertia, pill burden is a significant influ-
encer of adherence to and persistence with treatment.

Poor adherence and persistence are prevalent patient-
related factors that influence lipid control and rates of nega-
tive outcomes [44—46]. In an analysis of Italian primary
care data from 18,423 patients with very high cardiovas-
cular risk who initiated treatment with a statin, ezetimibe,
or ezetimibe/simvastatin between 2001 and 2013, 39% and
45% of patients were poorly adherent to their LLT (propor-
tion of days covered [PDC] < 80%) after 3 and 6 months,
respectively [45]. Good adherence, when compared with
poor adherence, was associated with significantly higher
odds of being at LDL-C target after 3 months (OR 2.26
[95% CI 1.88-2.73]) and after 6 months (OR 2.76 [95% CI
2.28-3.33]) [45]. Similarly, in a Swedish study of 54,872
patients who had an acute myocardial infarction between
2010 and 2012, 20.2% of patients did not adhere to their
LLT (defined as a coverage ratio < 50%) in the year that
followed their myocardial infarction [46]. The mortality
rate during the second year post-myocardial infarction was
20.9% in the low-adherence patients and 5.3% in the high-
adherence patients. These data translated into an RR of 1.71
(95% CI 1.59-1.83) for all-cause mortality and 1.62 (95% CI
1.50-1.75) for cardiovascular disease-related mortality [46].

4 Combination Treatment Increases
Treatment Exposure

As exposure to treatment is a measure of treatment intensity
and treatment adherence, the combined impact of subop-
timal LLT intensity and poor adherence on outcomes can
be significant. In a cohort of 29,797 patients treated with
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statins and ezetimibe and followed for 5 years, each 10%
increase in the LLT intensity X adherence (PDC > 80%)
product was associated with a 10% lower risk (HR 0.90 [95%
CI 0.86-0.94]) of reaching the composite cardiovascular
event endpoint (cardiovascular death, myocardial infarction,
unstable angina, ischemic stroke, heart failure, or revascu-
larization) (Fig. 2) [11]. A similar benefit associated with
increasing both LLT intensity and adherence was noted in a
nationwide population study of 164,565 patients with previ-
ous myocardial infarction. Each increase of 10% in treatment
intensity X adherence was associated with a 15% reduction
of adjusted risk of major cardiovascular events [12].

5 Benefits and Potential Drawbacks
of Single-Pill Combinations

Though the drivers of therapeutic inertia and poor adherence
to treatment are multifactorial [47], pill burden and com-
plexity of treatment have been shown to influence patient
ability and willingness to take long-term medication and, as
a result, to fuel the reluctance of physicians to add medica-
tions to existing regimens. The strategy consisting in pre-
scribing SPCs rather than free associations of multiple pills
offers a way to add ezetimibe to an existing statin treatment
without increasing pill burden or treatment complexity. This
approach, described in an expert opinion paper by the Euro-
pean Society of Cardiology Working Group on Cardiovas-
cular Pharmacotherapy [44], should have been ideally sup-
ported by RCTs. However, it is convincingly supported by
studies that confirm the bioequivalence of SPCs and multi-
pill associations of ezetimibe/rosuvastatin and ezetimibe/
simvastatin [48, 49] and by the results of observational stud-
ies and meta-analyses [50-52]. Further, it is worth noting
that there are several RCTs of statin/ezetimibe SPCs versus
statin monotherapy or other SPC [24, 53-55].

In a retrospective analysis of healthcare records from
2005 to 2008 (N = 42,460), treatment formulation was a
significant predictor of adherence (defined as a PDC > 80%).
Patients newly prescribed an SPC of ezetimibe/simvasta-
tin, simvastatin/niacin, or lovastatin/niacin treatment were
32% more likely to be adherent to treatment over a 17- to
19-month period than patients treated with the equivalent
multi-pill association (OR 1.32 [95% CI 1.27-1.36]; p
< 0.0001) [50]. Similarly, in a large Italian observational
study (N = 256,012), SPCs of ezetimibe/statins were asso-
ciated with significantly higher odds of high adherence
(defined as a PDC > 75%) than were free associations [51].
In particular, the OR for high adherence was 1.84 (95% CI
1.72-1.86) for the ezetimibe/simvastatin SPC and 2.47 (95%
CI 2.31-2.65) for the ezetimibe/rosuvastatin SPC.

The impact of formulation on lipid levels was recently
described in a German retrospective analysis of 2013-2018
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Fig.2 Decreases in cardiovascular events with each 10% increase
in the combined measure of adherence and treatment intensity in
patients treated with statins and/or ezetimibe for 5 years [11]. Car-
diovascular events were defined as cardiovascular death, myocardial
infarction, unstable angina, ischemic stroke, heart failure, or revascu-
larization. Subgroups are not mutually exclusive. The number of vas-
cular beds ranges from one to three (coronary, cerebrovascular, and
peripheral). The model was adjusted for initial use of high-intensity

electronic records of 311,242 patients at high cardiovascular
risk. The reduction in LDL-C was larger for patients treated
with an SPC of LLTs than for patients treated with a statin
and ezetimibe prescribed in a multi-pill association (mean
reduction of 28.4 vs. 19.4%, respectively; p < 0.0001; Fig. 3)
[52]. Consequently, a larger proportion of patients were at
target LDL-C levels of < 70 mg/dL (31.5% of SPC treated
patients vs. 21.0% multi-pill association) [52].

Lastly, few studies have been performed to help guide
the choice of SPCs. In the GRAVITY trial (N = 833), sig-
nificantly more patients were at LDL-C goal after 6 weeks
of SPC treatment with ezetimibe 10 mg/rosuvastatin 20
mg than with ezetimibe 10 mg/simvastatin 40 mg or with
ezetimibe 10 mg/simvastatin 80 mg, and significantly more
patients were at LDL-C goal with ezetimibe 10 mg/rosu-
vastatin 10 mg than with ezetimibe 10 mg/simvastatin 40
mg [56].

Despite similar biological effects and better adherence,
potential drawbacks with SPC should also be considered.
When side effects are reported by patients, it might be more

0.7 0.8 0.9 1.0 11

HR (95% confidence interval)

per 10% increase in the combined measure

therapy, sex, smoking status, hypertension status, antithrombotic
medication use, chronic kidney disease status, history of chronic
CVD, diabetes status, atrial fibrillation status, year of follow-up, and
Charlson Comorbidity Index. CV cardiovascular, CVD cardiovascular
disease, HR hazard ratio, LDL-C low-density lipoprotein cholesterol.
135 mg/dL = 3.49 mmol/L. Adapted with permission from Khunti
etal [11]

difficult for the physician to determine the responsibility of
the statin or ezetimibe as compared with individual pills.
In case of intolerance due to statins (e.g., muscular intoler-
ance), some patients may be tempted to interrupt both statins
and ezetimibe, and changes in the dose of statins could be
more complex with SPC than with separate treatments.

6 Additional Examples of Single-Pill
Combinations in Cardiovascular
Prevention

While the combination of statins and ezetimibe presents
many advantages because of the synergic biologic effect, the
demonstrated clinical safety and efficacy, and the affordable
cost because of the loss of the patent of both drugs, other
types of SPC for cardiovascular prevention may also be of
interest in particular patients. Accordingly, the combination
of statin + fenofibrate could be considered for patients who
need to reduce both LDL-C and triglycerides, or ezetimibe

A\ Adis



246

F. Schiele et al.

>

Single pill combination (n = 1639)

Increase: 11.7%

mean reduction:
28.4%
(40.0 mg/dL)

0to 10% reduction: 7.0%
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20 to 30% reduction: 18.5%
200 30 to 40% reduction: 18.7%

>40% reduction: 33.0%

100

Below 70 mg/dl: 31.5%
Below 55 mg/dl: 11.0%

LDL-C after ezetimibe prescription [mg/di]

0 100 200 300

LDL-C before ezetimibe prescription [mg/di]

Fig. 3 Efficacy benefits of addition of ezetimibe as a single-pill com-
bination vs. multi-pill association [52]. a Single-pill combination;
b multi-pill association. p < 0.0001 for the difference in LDL-C
between groups. Diagonal lines show the percentage of patients with
an LDL-C reduction within a specified range. Horizontal lines show

+ bempedoic acid for patients totally intolerant to statins.
Other SPCs should be considered to improve adherence for
patients who complain about the number of pills, e.g., rosu-
vastatin + aspirin, rosuvastatin + amlodipine, atorvastatin
+ perindopril, or a triple association including atorvastatin
+ amlodipine + perindopril. This strategy is supported by
previous data from SPCs for patients with hypertension, for
instance.

7 Conclusions

Recent European dyslipidemia guidelines recommended
add-on treatment with ezetimibe for patients not at treat-
ment goal on the maximally tolerated dose of statin. This
combination of statin and ezetimibe reduces LDL-C more
effectively, has a greater effect on atherosclerotic plaque
regression, and is associated with a significantly lower risk
of cardiovascular events than statin monotherapy. Prescrib-
ing SPCs rather than free associations of multiple pills offers
a way to add ezetimibe to an existing statin treatment to
support treatment intensification and the reaching of lipid
goals without increasing pill burden or complexity of treat-
ment. This SPC strategy would merit further endorsement
by guidelines and better implementation in clinical practice.
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