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Executive Summary 
 
Overall Comparative Research Question:  What is the comparative effectiveness of non-statins, 
specifically ezetimibe and proprotein convertase subtilisin/kexin type 9 (PCSK9 inhibitors), for 
patients with high cholesterol who did not respond to maximally tolerated statins or who are 
intolerant of statins? 

 
Brief Overview of the Topic: Despite the well-established efficacy and safety of statins, residual 
cardiovascular disease (CVD) risk remains among patients receiving intensive statin therapies 
and those who cannot tolerate statins.1-5 Ezetimibe and PCSK9 inhibitors are promising new 
lipid-lowering agents that may benefit these patients. 
 
Patient-Centeredness: Managing high cholesterol is an imperative to many patients and their 
doctors because high total cholesterol and low-density lipoprotein cholesterol (LDL-c) cause 
atherosclerosis, the key underlying process contributing to most clinical atherosclerotic CVD 
events. 
 
Impact on Health and Populations: Nearly 73.5 million Americans age 20 years or older had high 
LDL-c (≥ 130 mg/dL) in 2012. About 40% of patients receiving statins are not able to reach target 
LDL-c levels. Muscle syndromes, the most common adverse events of statin occur in 10-15% of 
patients under a statin therapy. Long-term, high-dose statins are also associated with an 
increased incidence of diabetes.  
 
Assessment of Current Options: US and international guidelines recommended addition of non-
statin cholesterol-lowering drugs to maximum tolerated statins for patients who continue to 
have a less-than-anticipated therapeutic response, and for patients who are intolerant of statins. 
All these guidelines and systematic reviews on this topic predated IMPROVE-IT, the first 
randomized controlled trial that showed an incremental benefit of adding ezetimibe to a 
moderate intensity statin on clinical endpoints in a high-risk population. However, the 
comparative effectiveness and safety of statin-ezetimibe combination therapy in low/moderate 
risk groups is unknown. PCSK9 inhibitors are being tested in four large ongoing CVD outcome 
trials and in five trials involving statin intolerant patients (not powered for CVD events). The 
practical definitions for statin intolerance used in individual trials and in clinical practice are 
highly variable and may impede the interpretation of the results. There might be value for 
bringing back the LDL-c treatment goals and assess whether treating to a specific target confers 
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benefit. The treatment strategies for patients experiencing statin side effects should be tested in 
clinical trials.  
 
Likelihood of Implementation of Research Results in Practice: Given the high disease burden, 
general interest in this topic, and the existence of practice guidelines, it is likely that reliable 
research evidence will be implemented in practice. 
 
Durability of Information: This is a fast-evolving topic with new agents brought to the market as 
recently as 2015. New information from comparative effectiveness research focusing on CVD 
and patient-centered outcomes will take years to accumulate, but is likely to remain current for 
several years. 
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Topic 8: Comparative effectiveness of non-statins, specifically 
ezetimibe and proprotein convertase subtilisin/kexin type 9 (PCSK9) 
inhibitors, for patients with high cholesterol who did not respond to 
maximally tolerated statins or who are intolerant of statins? 
 
1. Contributors: 
Tianjing Li, MD, MHS, PhD - Johns Hopkins Evidence-based Practice Center 
Erin Michos, MD, MHS - Johns Hopkins School of Medicine 
Catalina Suarez-Cuervo, MD - Johns Hopkins Evidence-based Practice Center 
Eric B. Bass, MD, MPH - Johns Hopkins Evidence-based Practice Center 
 
2. Introduction:  
The 2013 guidelines from the American Heart Association and the American College of 
Cardiology (AHA/ACC) moved away from treating a cholesterol target to treating people at 
elevated risk.6 The guidelines emphasized that people at increased risk for cardiovascular 
disease (CVD) benefit from statin therapy across a broad range of low-density lipoprotein 
cholesterol (LDL-c) values, and that statins should be considered as the first line treatment for 
hyperlipidemia.6 Despite the comprehensive use of statins, cardiovascular risk remains among 
some patients who are on maximum tolerated intensity of statins, or those who cannot tolerate 
statins because of their side-effects.  
 
Patients who are intolerant to statins usually present with muscle discomfort, soreness, 
tenderness, pain, or weakness (myalgias). In most instances, the symptoms are mild and are 
rarely associated with muscle inflammation (myositis), markers of muscle injury (creatine 
kinase elevation), or death of muscle fibers (rhabdomyolysis).  
 
Recent research has found that novel lipid-lowering agents, such as ezetimibe and proprotein 
convertase subtilisin/kexin type 9 (PCSK9) inhibitors may provide additional cardiovascular 
benefit when used in combination with statins. They also may be an alternative for statin 
intolerant patients.  
 
Ezetimibe lowers plasma cholesterol by decreasing cholesterol absorption in the small intestine 
and the amount of cholesterol normally available to liver cells. The mechanism of how 
ezetimibe works appears to be independent and additive to that of a statin.7 Ezetimibe was 
approved by the U.S. Food and Drug Administration (FDA) in 2002 for lowering cholesterol 
levels in patients with primary hyperlipidemia. In a high-risk patient population with acute 
coronary syndromes, the Improved Reduction of Outcomes: Vytorin Efficacy International Trial 
(IMPROVE-IT) showed that, when added to a moderate intensity statin therapy (simvastatin 
40mg), ezetimibe resulted in an incremental lowering of LDL-c and a modest reduction in rates 
of major cardiovascular events with no increase in cancer risk.8,9 Furthermore, post-hoc 
analyses of IMPROVE-IT showed that those that achieved even lower LDL-c (< 70 mg/ml) had 
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lower cardiovascular events, supporting the “LDL” hypothesis (i.e., the lower LDL-c the better in 
high risk patients using proven therapies).10-12 The incremental benefit of simvastatin-ezetimibe 
combination therapy in low or moderate risk patients remains unknown, as does the 
comparative effectiveness of the combination therapy relative to a high intensity statin. 
 
PCSK9 inhibitors are monoclonal antibodies that inactivate PCSK9. They lower cholesterol levels 
by decreasing LDL receptor degradation and increasing recirculation of the receptor to the 
surface of hepatocytes.13-15 Alirocumab and evolocumab, both given by subcutaneous injection, 
were approved by the FDA in 2015 for use in addition to diet and maximally tolerated statin 
therapy in adults with heterozygous familial hypercholesterolemia or patients with clinical 
atherosclerotic CVD who require additional lowering of LDL-c.16,17 These agents have shown 
marked LDL-c lowering effect (by 60% or more) and promising short-term efficacy data with 
reduction in myocardial infarctions and all-cause mortality without increased risk of serious 
adverse events.18 However, their long-term effectiveness on CVD endpoints and safety are 
currently unknown.14-16 Several ongoing, large randomized clinical trials (RCTs) powered for 
CVD endpoints should answer this question in the next few years (see under “6. Ongoing 
Research”). It is worth noting that PCSK9 inhibitors are not approved for use in statin intolerant 
patients.  
 
Other non-statin lipid lowering therapies include niacin, fibrates, omega 3 fatty acids, and 
cholesterylester transfer protein inhibitors, which may improve atherogenic dyslipidemia and 
have benefit as monotherapy. However, none of these agents have demonstrated additional 
CVD benefits when added to a statin therapy in clinical trials.  
 
3. Patient-Centeredness:  
Because of the role of high total cholesterol and LDL-c in the underlying process contributing to 
most clinical atherosclerotic CVD events, managing high cholesterol levels is an imperative to 
many patients and their doctors. Atherosclerosis is a systemic process and can present as 
coronary, cerebrovascular, or peripheral vascular diseases. In 25% of individuals, sudden 
cardiac death is the first manifestation of CVD. Coronary heart disease is the cause of about 
75% of sudden cardiac deaths in the western world.19 Cholesterol-lowering medications have to 
demonstrate their effect on reducing clinical endpoints and improving patient-centered 
outcomes, including CVD events, survival, side effects, and quality of life. Furthermore, the 
2013 AHA-ACC cholesterol guidelines, while endorsing statins as the first line therapy, also 
emphasized the importance of a shared decision making process between patients and their 
providers.20 Patient engagement requires careful benefit-risk assessment for patients with 
different absolute risk for CVD as well as consideration of patient preferences for treatment 
strategies, which may in turn help to promote medication adherence.  
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4. Impact/Burden of the Condition:  
Nearly 73.5 million Americans age 20 years or older (32% of this age group) had LDL-c greater 
than or equal to 130 mg/dL in 2012.21,22 About 28% of the population older than 40 years old 
was using a cholesterol-lowering medication. From those, 93% were receiving a statin.23 Statin 
use increases with age, but did not differ by sex or ethnicity.21 Among those patients treated 
with high intensity statin therapy, more than 40% did not reach a LDL-c of less than 70 
mg/dL.24,25 The majority of Medicare beneficiaries do not fill prescriptions for high-intensity 
statins after hospitalization for coronary heart disease events, showing underutilization of 
statins in the high risk population.26 One study estimated that adherence with statin therapy in 
the elderly patients is only 40% for those with recent acute coronary syndrome, 36% for chronic 
coronary artery disease, and 25% for primary prevention at 2 years following stain initiation.27 
 
Muscle syndromes are observed in 10-15% of patients after statin therapy, but very few 
develop serious adverse events such as myopathy (3-5% of patients), myositis (0.1-0.2% of 
patients) or rhabdomyolysis (0.01% of patients).25,28,29  An elevated hepatic enzyme 
(aminotransferase) occurs in 0.5 to 2% of patients.30 Long-term, high-dose statin therapy has 
been reported to increase the incidence of diabetes.31-33 Many patients who experience muscle 
syndromes can take a statin after switching to a different statin or an alternative statin 
regimen, dose, or type. Up to 5% of patients discontinue statins due to drug-related adverse 
events.32,33 
 
Many definitions for statin intolerance exist. The 2015 position paper from the International 
Lipid Expert Panel provided a “unified definition” as follows:25 

1. the inability to tolerate at least 2 different statins – one statin at the lowest starting 
average daily dose and the other statin at any dose; 

2. intolerance associated with confirmed, intolerable statin-related adverse effect(s) or 
significant biomarker abnormalities; 

3. symptom or biomarker changes resolution or significant improvement upon dose 
decrease or discontinuation; 

4. symptoms or biomarker changes not attributable to established predispositions such as 
drug-drug interactions and recognized conditions increasing the risk of statin 
intolerance. 

 
5. Evidence Gaps:  
Guidelines issued by the AHA/ACC6, European Society of Cardiology/European Atherosclerosis 
Society, 30 the Japan Atherosclerosis Society,34 the National Institute for Health and Clinical 
Excellence,35 45 and the International Atherosclerosis Society36 recommended addition of non-
statin cholesterol-lowering drugs to maximum tolerated intensity of statin for patients who 
continue to have a less-than-anticipated therapeutic response; and the use of non-statins for 
patients who are intolerant of statins.  
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Evidence gaps at the time of the guideline 
The guideline panels acknowledged that these recommendations were based on expert opinion 
rather than evidence from clinical trials at the time of the guideline development (which pre-
dated IMPROVE-IT). Specifically, the 2013 AHA/ACC Expert Panel found no data supporting the 
routine use of non-statin drugs combined with statin therapy to further reduce CVD events. In 
addition, they found no RCTs that assessed CVD outcomes in statin intolerant patients.  
 
Ezetimibe 
IMPROVE-IT8 is the first RCT that showed an incremental benefit of adding a non-statin lipid-
lowering agent to a moderate intensity statin therapy on clinical endpoints in high-risk patients 
who recently experienced an acute coronary syndrome. This study found that simvastatin-
ezetimibe combination therapy resulted in a lower LDL-c (53.7 mg/dL) than simvastatin 
monotherapy (69.5 mg/dL). The event rate for the primary end point, a composite of 
cardiovascular death, major coronary event, or nonfatal stroke, at 7 years was 32.7% in the 
simvastatin–ezetimibe group, as compared with 34.7% in the simvastatin-monotherapy group 
(hazard ratio, 0.94; 95% confidence interval, 0.89 to 0.99; P=0.016). While the relative risk 
reduction seems modest (6%), given the high absolute risk of recurrent events among this high 
risk population, the number needed to treat of 50 is very acceptable. The two groups had 
similar rates of muscle, gallbladder, and hepatic adverse effects, and cancer.  
 
None of the systematic reviews on ezetimibe included the results from IMPROVE-IT. In the 
absence of clinical endpoints such as CVD events, these systematic reviews found that: 
• For patients in whom a statin is considered inappropriate or is not tolerated, ezetimibe is 

effective in reducing LDL-c when administered as monotherapy (mean difference: -18.56%; 
95% confidence interval: -19.68% to -17.44%).37 When used as a monotherapy, the ability of 
ezetimibe to lower LDL-c is less effective than that of statins.  

• For patients whose condition is not adequately controlled with a statin monotherapy, 
adding ezetimibe to a statin therapy is significantly more effective in reducing LDL-c than 
statin alone (fixed-dose studies; mean difference: -13.94%; 95% confidence interval -14.90% 
to -12.98%)37 or doubling statin dose alone (titration studies; mean difference: -14.1%; 95% 
confidence interval: -16.1% to -12.1%).38 

 
PCSK9 inhibitors 
The most recent systematic review on PCSK9 inhibitors included 24 RCTs comprising 10,159 
patients.18 Twelve trials compared a PCSK9 inhibitor with placebo alone; and the remaining 
twelve trials compared a PCSK9 inhibitor with ezetimibe and/or placebo. Twelve trials were of 
patients with familial hypercholesterolemia, nine were of nonfamilial or unspecified 
hypercholesterolemia, two were of statin-intolerant hypercholesterolemia, and one was of 
mixed familial and nonfamilial hypercholesterolemia. Except for four trials, all other trials used 
a background statin therapy. This systematic review showed a benefit in mortality with PCSK9 
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inhibitors. The review found that, compared with no PCSK9 inhibitors, treatment with PCSK9 
inhibitors  
• Reduced all-cause mortality: odds ratio 0.45; 95% confidence interval (0.23 to 0.86); 
• Did not result in a statistically significant reduction in CVD mortality: odds ratio 0.50; 95% 

confidence interval (0.23 to 1.10); 
• Reduced myocardial infarction: odds ratio 0.49; 95% confidence interval (0.26 to 0.93); 
• Reduced LDL-c: mean difference -47.49%; 95% confidence interval (−69.64% to −25.35%); 
• Reduced the incidence of an increase in serum creatine kinase levels: odds ratio 0.72; 95% 

confidence interval (0.54 to 0.96); 
• Did not increase serious adverse events: odds ratio 1.01; 95% confidence interval (0.87 to 

1.18). 
 
Three trials recruited statin intolerant patients (ODYSSEY ALTERNATIVE, GAUSS, and GAUSS-2). 
ODYSSEY ALTERNATIVE found that, compared with ezetimibe, alirocumab lowered LDL-c 30% 
more, but the trial was not powered to examine clinical endpoints. In GUASS and GUASS-2, 
treatment with evolocumab resulted in a 41% to 51% reduction in the LDL-c level; and there 
was no statistically significant effect on clinical endpoints compared with placebo. The overall 
effect is robust based on sensitivity analyses by type and dose of PCSK9 inhibitors, and 
subgroup analyses stratified by placebo or ezetimibe as the control arm and by background 
statin therapy.  
 
6. Ongoing Research: 
We found 262 records by searching “ezetimibe” and 92 records by searching “PCSK9 inhibitors 
OR alirocumab OR evolocumab” on ClinicalTrials.gov (search date January 16, 2016). All of 
these records registered lipids level as an outcome and only a few registered CVD endpoints.  
 
For ezetimibe, we did not find any ongoing CVD outcomes trials.  
 
For PCSK9 inhibitors, we identified four large ongoing CVD outcomes trials, all in a high-risk 
population (expected completion by 2018).  
• FOURIER (NCT01764633) compares evolocumab added to an effective statin therapy 

(defined as ≥ atorvastatin 20 mg or an equivalent statin) with an effective statin therapy 
alone in patients with established CVD. The trial is expected to enroll 27,564 patients. 

• ODYSSEY Outcomes trial (NCT01663402) compares alirocumab with placebo on major 
adverse CVD events in patients who recently experienced an acute coronary syndrome. The 
trial is expected to enroll 18,600 patients.  

• SPIRE-1 (NCT01975376) and SPIRE-2 (NCT01975389), the two phase 3 pivotal trials for 
bococizumab, compare bococizumab with placebo in more than 22,000 patients who are 
receiving background lipid lowering therapy. SPIRE-1 also will assess whether lowering LDL-c 
to levels well below current guideline-recommended targets will lead to further reduction in 
CVD events. 

PCORI Topic Brief: Non-Statins for High Cholesterol                                                                  8 
 



 
 
 
 
For statin intolerant patients, we identified five ongoing studies, GAUSS-3 (NCT01984424), 
GAUSS-4 (NCT02634580), CHOLESS (NCT01807078), ECLIPSE (NCT01490229), and 
NCT00972829. Two of these trials included a comparison between ezetimibe and a PCSK9 
inhibitor. None of these five studies registered CVD endpoints. In addition, the definition for 
statin intolerance varies from study to study. For example, some studies included “patients not 
on a statin or on a low dose statin with stable dose for at least 4 weeks; and a history of statin 
intolerance to at least 2 statins.” Other studies simply described “patients with a history of 
statin intolerance.” 
 
Our search of the NIH reporter and PCORI’s website did not identify any currently funded 
clinical trials that focus specifically on this topic. 
 
7. Likelihood of Implementation of Research Results in Practice: 
Given the high disease burden, the high residual risk for atherosclerotic CVD events among 
statin treated patients,1-5 general interest in this topic, and the existent of practice guidelines, it 
is likely that the research results will be implemented in practice. The current guideline 
recommendations will need to be updated to include the latest evidence (i.e., IMPROVE-IT). 
However, some clinicians and patients may still feel uncomfortable with aggressive cholesterol-
lowering therapies.  
 
8. Durability of Information: 
This is a fast-evolving topic with new agents brought to the market as recently as 2015. New 
information from comparative effectiveness research focusing on patient-centered outcomes 
(not purely surrogate outcome of LDL-c level) will take years to accumulate, but is likely to 
remain current for several years. 
 
9. Potential Research Questions: 
There is no universally accepted definition for statin intolerance; and the practical definitions 
used in individual studies and in clinical practice are highly variable. The “unified” definition 
provided by the International Lipid Expert Panel in 2015 is an attempt to harmonize the 
definitions out there. The European Atherosclerosis Society, on the other hand, suggested 
focusing on statin associated muscle symptoms and avoiding use of the term “statin 
intolerance.”39,40 A clear definition of this phenomenon and a wide acceptance by the 
community are crucial to understand the “true” prevalence of statin intolerance, effectively 
recruit eligible patients into clinical trials, and ultimately guide clinicians in deciding whether to 
continue statins or use non-statin lipid lowering drugs.  
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• What is the comparative effectiveness of statin-ezetimibe combination therapy in different 

risk groups compared to statin monotherapy?  
IMPROVE-IT showed benefit of simvastatin-ezetimibe combination therapy in a very high-
risk population. Would adding ezetimibe to a statin also benefit (1) lower-risk patients as 
secondary prevention and (2) high-risk patients as primary prevention? 

 
• What are the longer-term clinical benefits and safety of PCSK9 inhibitors, especially in 

patients with high absolute risk for CVD but intolerant to statins? 
PCSK9 inhibitors have not been proven to prevent CVD in patients intolerant of statin 
therapy (primary prevention). None of the ongoing trials on PCSK9 inhibitors are being 
conducted in patients with low or moderate risk of CVD. The long-term side effects of PCSK9 
are also unknown.  

 
• What is the comparative effectiveness of different treatment strategies for patients 

experiencing statin side-effects?  
The care process for patients who experience side-effects from a stain typically involves: 1) 
ruling out reversible causes such as medication interaction; 2) with mild symptoms, try 
reducing the dose of statin; 3) with intolerable symptoms, stop the statin; 4) when 
symptoms resolve, attempt re-challenge with a low dose of the same statin, intermittent 
dosing of the same statin, or an alternative statin; and 5) if symptoms return, use a non-
statin based cholesterol lowering medication.41 The exact process varies, as it is not clear 
what strategy works best to lower cardiovascular risk without causing serious side-effects. 
The benefits of statins are large and potentially lifesaving. Thus, patients and their 
physicians must weigh the risk of drug discontinuation versus the benefits before making 
permanent decisions.  

 
• What is the comparative effectiveness of lipid-lowering treatment with versus without using 

a specific LDL-c treatment goal?  
The 2013 AHA/ACC guidelines moved away from LDL-c treatment goals because the lack of 
RCTs explicitly designed to test treatment goals. The National Lipid Association Expert 
Consensus’s view42 is that treatment goals are still useful because they facilitate 
communication between patients and clinicians, providing an easily interpretable means to 
support long-term adherence to the treatment plan. There is also concern that prescribing 
moderate- to high-intensity statins without treatment targets may result in under-
treatment. In addition, the data from IMPROVE-IT gave credence to the “LDL-c hypothesis” 
rather than the “statin hypothesis:”43 reducing LDL-c levels, regardless of the means, should 
produce a corresponding reduction in CVD events in patients at high absolute risk, and that 
further lowering of LDL-c confers additional benefit. However, this concept should only be 
extended to drugs with proven benefit and not to all lipid-modifying drugs. Previous trials 
on combination therapy of niacin,44,45 fibrates,46 and dalcetrapib (a cholesterylester transfer 
protein inhibitor)47 with statins did not show incremental cardiovascular benefits.  
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10. Conclusion: 
Ezetimibe and PCSK9 inhibitors are promising new lipid-lowering agents that are likely to 
benefit patients who continue to have a less-than-anticipated therapeutic response on 
maximally tolerated statins and patients who are intolerant of statins. The comparative 
effectiveness and safety of statin-ezetimibe combination therapy in low/moderate risk patients 
is unknown, and should be studied. PCSK9 inhibitors should be evaluated in well-defined statin 
intolerant patients with clinical endpoints and patient-centered outcomes measured. New 
studies could help to determine the value of using LDL-c treatment goals for patients taking 
ezetimibe and PCSK9 inhibitors.  
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APPENDIX 
 
Methods  
Literature search:  
From December 2015 to February 2016, we conducted a literature search to identify reports 
around the effectiveness of non-statins, specifically ezetimibe and PCSK9 inhibitors, for patients 
with high cholesterol who did not respond to maximally tolerated statins or who are intolerant 
of statins. We searched the Cochrane Database of Systematic Reviews, the Agency for 
Healthcare Research and Quality’s website, and PubMed for recent systematic reviews. We 
searched the websites of government agencies (such as the Centers for Disease Control and 
Prevention, and the NIH), and relevant professional associations (i.e., The American Heart 
Association, The American College of Cardiology, the European Heart Association, the 
International Atherosclerosis Society and other international societies) for practice guidelines 
and reports that contain data on the disease burden and impact of the condition on the 
population.  
 
Ongoing studies:  
We searched clinicaltrials.gov on January 16, 2016 for studies relevant to the topic. We used 
the broad search terms “ezetimibe” and “PCSK9”. The results are described in the report. We 
searched NIH reporter (https://projectreporter.nih.gov/reporter.cfm) on February 10, 2016 for 
studies relevant to the topic. We used “text search” box and searched on “ezetimibe” and 
“PCSK9” separately. We searched PCORI’s funded research database 
(http://www.pcori.org/research-results) on February 10, 2016 using terms “ezetimibe” and 
“PCSK9” separately. We did not find any awards that match the search. 
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