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KEY POINTS

Question. Do patients with stable atherosclerotic cardiovascular disease treated with statin who have an LDL-C <70 mg/dL and a non-HDL-C > 100 benefit from the addition of evolocumab? Would patients already on maximal potency statin benefit from evolocumab?
Findings. Evolocumab safely reduced cardiovascular events compared to placebo whether patients were starting with an LDL-C <70 mg/dL or not, and whether they were treated with maximal potency statin or a less potent statin regimen.  
Meaning. In high-risk patients with stable atherosclerotic cardiovascular disease treated with a statin, even patients who have a low LDL-C and patients on maximal statin experience further reduction of cardiovascular events with the addition of evolocumab.



ABSTRACT
IMPORTANCE. Current guidelines focus on high-intensity statins and targeting or using a threshold an LDL-C <70 mg/dL for highest risk patients. Whether further LDL-C reduction beyond these boundaries would be beneficial is unknown.
OBJECTIVE. To compare outcomes with evolocumab vs. placebo in 2 subgroups of patients with stable atherosclerotic cardiovascular disease: 1) Baseline LDL-C <70 and non-HDL-C >100 mg/dL, 2) Background treatment with maximal potency statin.
DESIGN. Comparison of randomized treatments in 2 subgroups from a large clinical trial.
SETTING. Patients with stable atherosclerotic cardiovascular disease on statin enrolled in the FOURIER trial.
PARTICIPANTS. Patients were classified by baseline LDL-C <70 or >70 mg/dL, and by statin intensity (maximal: atorvastatin 80 mg or rosuvastatin 40 mg daily, submaximal: all others). 
MAIN OUTOCMES AND MEASURES: The primary efficacy end point was the composite of cardiovascular death, myocardial infarction, stroke, hospitalization for unstable angina, or coronary revascularization. The key secondary efficacy end point was the composite of cardiovascular death, myocardial infarction, or stroke. Safety outcomes included adverse events and special events of interest as identified in the FOURIER trial. Interaction testing was used to assess the consistency of results in patients who did vs. did not satisfy the above criteria.
RESULTS. Of 2034 patients (7.4%) who had a baseline LDL-C <70 mg/dL and HDL-C >100 mg/dL, evolocumab reduced the risk of the primary endpoint (hazard ratio [HR], 0.80; 95% CI 0.60-1.07) to a similar degree as in the 25,529 patients who had a baseline LDL-C >70 mg/dL (HR 0.86; 95% CI 0.79-0.92; PINT=0.65).  Of 7533 patients (27.3%) on maximal intensity statin, evolocumab significantly reduced the primary (hazard ratio [HR], 0.86; 95% CI 0.75-0.98) to a similar degree as in the 20,031patients not on maximal intensity statin (HR for primary endpoint 0.85; 95% CI 0.78-0.93; PINT=0.88).  The key secondary endpoint was also reduced to a similar degree in both analyses. No major safety concerns were identified.
Conclusions. Evolocumab was equally effective in reducing cardiovascular events in patients with stable atherosclerotic cardiovascular disease regardless of whether the baseline LDL-C was <70 or >70 mg/dL, and whether the background statin was maximal intensity or not.
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Several guidelines endorse a target LDL cholesterol (LDL-C) <70 mg/dL (to convert to millimoles per liter, multiply by 0.0259) or a threshold for treatment ≥70 mg/dL in highest risk patients for secondary prevention of cardiovascular events.1-4 Likewise, high-intensity statin regimens (i.e., atorvastatin ≥40 or rosuvastatin ≥20 mg/d) are recommended as foundational therapy. Whether even more intensive LDL-C lowering would benefit patients who already have an LDL-C <70 mg/dL or patients who are currently being treated not just with high, but with maximal intensity statin therapy (highest doses possible), is unknown. We explored the efficacy and safety of evolocumab vs. placebo in such patients in the FOURIER trial.5,6 

Methods 
Study Design and Treatment
The design of FOURIER has been reported.5,6 In brief, 27,564 patients with prior myocardial infarction (MI), non-hemorrhagic stroke, or symptomatic peripheral artery disease, as well as additional characteristics that placed them at higher cardiovascular risk (including one major and two minor criteria5), were randomized to the PCSK9 inhibitor evolocumab or placebo.  Eligible patients had either an LDL-C >70 mg/dL or a non-HDL cholesterol >100 mg/dL at the end of screening while on a moderate or high intensity statin (defined as atorvastatin >20 mg/d or equivalent). LDL-C was calculated based on the Friedewald equation, unless the calculated value was <40 mg/dL or the measured triglycerides were >400 mg/dL, in which case ultracentrifugation was performed  In the current analysis, we compared outcomes with evolocumab vs. placebo in 2 subgroups: (1) patients with a baseline LDL-C (the average of the values obtained at the final screening visit and the day of randomization) <70 vs. ≥70 mg/dL; (2) patients on maximal potency background statin (i.e., atorvastatin 80 mg or rosuvastatin 40 mg daily) at randomization. Ethics Committee approvals for the FOURIER trial were obtained from all relevant organizations and each patient provided written informed consent.
Study Outcomes
The primary endpoint of FOURIER was the composite of cardiovascular death, MI, stroke, hospitalization for unstable angina, or coronary revascularization; the key secondary endpoint was the composite of cardiovascular death, MI or stroke.5,6  Safety endpoints included overall adverse events as well as adverse events of interest including allergic and injection site reactions; and adverse events related to muscle symptoms, elevations in creatine kinase or transaminases, cataracts, new-onset diabetes, and neurocognitive events. 
Statistical Analysis
Baseline categorical variables were compared using 2 or Fisher exact tests and continuous variables using Wilcoxon rank-sum test.  Efficacy analyses were performed in the intention-to-treat population including all patients who underwent randomization and provided written informed consent. Hazard ratios and 95% confidence intervals of the time to the first efficacy event were generated using a Cox proportional-hazards model, and P values for time-to-event analyses were calculated using log-rank tests. Safety evaluations included all the patients who underwent randomization, received at least one dose of a study agent and for whom post-dose data were available. Interaction testing was performed using Cox models for efficacy endpoints and logistic regression for safety endpoints. 

Results 
Patients with a baseline LDL-C <70 mg/dL
A total of 2034 (7.4%) of patients had a baseline LDL-C <70 mg/dL and non-HDL-C >100 mg/dL. Compared to patients with LDL-C >70 mg/dL at baseline, these patients tended to be younger (62.1 vs. 62.5 years), heavier (88 vs. 85 kg), more likely male (80 vs. 75%) and to have had a prior stroke (21 vs. 19%), hypertension (82 vs. 80%), diabetes (49 vs. 36%), and metabolic syndrome (73 vs. 58%) (Table 1). The median baseline (IQR) LDL-C was 65.5 (61-68) mg/dL. At 48 weeks, the least-squares mean percentage reduction in LDL-C with evolocumab, as compared with placebo, was 66%, for a mean absolute reduction of 42 mg/dL, to a median of 21 [11.5-37] mg/dL. Evolocumab reduced the risk of the primary composite endpoint by 20% (HR 0.80, 95% CI 0.60-1.07) in patients with a baseline LDL-C <70 mg/dL, and by 14% (HR 0.86, 95% CI 0.79-0.92) in patients with an LDL-C >70 mg/dL, with no evidence of treatment effect modification by baseline LDL-C (PINT 0.65, Figure 1).  Likewise, evolocumab reduced the risk of the key secondary endpoint by 30% (HR 0.70, 95% CI 0.48-1.01) in patients with a baseline LDL-C <70 mg/dl, and by 19% (HR 0.81, 95% CI 0.73-0.89) in patients with an LDL-C >70 mg/dL, with no evidence for treatment effect modification due to baseline LDL-C (PINT 0.44). There was no heterogeneity for any of the individual outcomes (Supplemental Table 2). Likewise there was no heterogeneity in the safety profile of evolocumab as a function of baseline LDL-C (Table 1).	
Patients on maximal intensity statin
A total of 7533 (27.3%) of patients were on a maximal intensity statin (baseline characteristics in Supplemental Table 3).  The median baseline (IQR) LDL-C was 93 (80-111.5) mg/dL.  At 48 weeks, the least-squares mean percentage reduction in LDL-C levels with evolocumab, as compared with placebo, was 58%, for a mean absolute reduction of 57 mg/dL, to a median of 32 [20-49] mg/dL.  Evolocumab reduced the risk of the primary composite endpoint by 14% (HR 0.86, 95% CI 0.75-0.98) in patients on maximal intensity statin therapy, and by 15% (HR 0.85, 95% CI 0.78-0.93) in patients treated with sub on maximal statin therapy, with no evidence of treatment effect modification due to background statin intensity (PINT 0.88, Figure 2).  Likewise, evolocumab reduced the risk of the key secondary endpoint by 22% (HR 0.78, 95% CI 0.66-0.92) in patients on maximal intensity statin therapy, and by 19% (HR 0.81, 95% CI 0.72-0.90) in patients on less potent statin regimens, with no evidence for treatment effect modification due to intensity of background statin therapy (PINT 0.71). There was no heterogeneity for any of the individual outcomes (Supplemental Table 4). Likewise there was no heterogeneity in the safety profile of evolocumab as a function of intensity of background statin therapy (Table 1)

Discussion
The principal findings of this analysis were that high-risk patients with stable atherosclerotic cardiovascular disease who were treated with statins derived similar clinical benefit with the addition of evolocumab over 2.2 years median follow-up, regardless of whether the baseline LDL-C was below or above 70 mg/dL, and regardless of the intensity of background statin (maximal vs. submaximal). Given the FOURIER entry criteria, the patients enrolled with LDL-C <70 mg/dL were required to have a non-HDL-C >100 mg/dL, thus as expected, these patients were more likely to have diabetes or metabolic syndrome and on average were younger with more cardiovascular risk factors. 
	These findings extend prior observations reported with other lipid-lowering therapies. For statins, the meta-analysis by the Cholesterol Treatment Trialists Collaboration7 noted consistent benefit in patient starting with an LDL-C <2 mmol/L or 77 mg/dL, but given the range of baseline LDL-C in these trials, very few patients would have had an LDL-C <70 mg/dL.  The JUPITER trial did report consistent benefit of statin therapy in patients starting with an LDL-C ≤60 mg/dL, but there were only 511 individuals in that subgroup and the comparator was placebo.8 We have recently shown that the addition of ezetimibe to background moderate intensity statin (simvastatin 40 mg) in the IMPROVE-IT trial reduced cardiovascular events by 6.4% over an average of 6 years in patients post ACS, with consistent benefit even among patients in the lowest quartile of baseline LDL-C (<64 mg/dL)9, however the achieved LDL-C in that subgroup with the combination of ezetimibe + simvastatin was 45 mg/dL.10 More recently, the HPS3/TIMI55-REVEAL Collaborative Group reported that patients with stable atherosclerotic disease with a mean LDL-C of 61 mg/dL who were randomized to the CETP-inhibitor anacetrapib, reduced LDL-C levels to a mean of 53 mg/dL and experienced an 11% reduction in major coronary events compared to placebo.11 In this analysis we now show consistent benefit not only when starting with an LDL-C <70 mg/dL, but when it is lowered by 66% to a median of 21 mg/dL, with 25% of patients having an LDL-C <11.5 mg/dL.
	The consistent clinical benefit seen with randomized allocation to lipid-lowering therapy that reduced LDL-C to unprecedented low levels <20 mg/dL supports and extends observational analyses that have shown that lower achieved levels of LDL-C were associated with lower rates of major cardiovascular events, most recently down to this same range of <20 mg/dL.12-14 Moreover, prior to FOURIER, no non-statin therapy had shown clinical benefit on a background of maximal statin therapy. Lastly, and equally important, the safety profile of evolocumab was consistent regardless of baseline LDL-C or intensity of statin therapy. It is important to note that all patients in FOURIER were at high-risk and those with an LDL-C <70 mg/dL were required to have a non-HDL-C >100 mg/dL; whether patients at lower risk or with LDL-C <70 mg/dl and non-HDL-C levels <100 mg/dL would have similar benefit requires additional studies.
Conclusions 
Evolocumab safely reduced cardiovascular events in patients with stable atherosclerotic cardiovascular disease to a similar degree whether the baseline LDL-C was above or below 70 mg/dL, and regardless of whether the background statin was maximal intensity or not. These findings support using evolocumab beyond what is recommended in current guidelines and, more broadly, the value of lowering LDL-C down to levels ~20 mg/dL15 even in those high-risk patients starting below current guideline targets or thresholds for treatment.
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Table 1: Patient Characteristics Stratified by Baseline LDL-Ca and Background Statin Intensity
	
	Baseline LDL-C
	
	Baseline Statin Intensity
	

	Characteristics
	<70 mg/dLb
(N=2034)
	> 70 mg/dL
(N=25529)
	
P
	Maximal
(N=7533)
	Submaximal
(N=20031)
	
P

	Age, mean + SD – yr
	62.1 + 9.2
	62.5 + 9.0
	0.051
	61.1 + 8.9
	63.0 +9.0
	<0.001

	Weight, mean + SD – kg
	88.2 + 18.2
	85.0 + 17.2
	<0.001
	88.2 + 17.6
	84.2 + 17.2
	<0.001

	Male
	1632 (80.2)
	19162 (75.1)
	<0.001
	5722 (76.0)
	15073 (75.2)
	0.22

	White racec
	1708 (84.0)
	21749 (85.2)
	0.14
	7027 (93.3)
	16431 (82.0)
	<0.001

	Region
	
	
	<0.001
	
	
	<0.001

	     North America
	348 (17.1)
	4223 (16.5)
	
	1877 (24.9)
	2694 (13.4)
	

	     Europe
	1226 (60.3)
	16108 (63.1)
	
	4862 (64.5)
	12473 (62.3)
	

	     Latin America
	178 (8.8)
	1645 (6.4)
	
	180 (2.4)
	1643 (8.2)
	

	     Asia, Pacific, South Africa
	282 (13.9)
	3553 (13.9)
	
	614 (8.2)
	3221 (16.1)
	

	Type of atherosclerosisd
	
	
	
	
	
	

	     Myocardial infarction
	1591 (78.2)
	20759 (81.3)
	<0.001
	6499 (86.3)
	15852 (79.1)
	<0.001

	     Non-hemorrhagic stroke
	430 (21.1)
	4907 (19.2)
	0.035
	1182 (15.7)
	4155 (20.7)
	<0.001

	     Peripheral artery disease
	276 (13.6)
	3366 (13.2)
	0.62
	1012 (13.4)
	2630 (13.1)
	0.51

	Cardiovascular risk factors
	
	
	
	
	
	

	     Hypertension
	1673 (82.3)
	20410 (80.0)
	0.012
	6019 (79.9)
	16065 (80.2)
	0.57

	     Diabetes mellitus
	987 (48.5)
	9093 (35.6)
	<0.001
	2536 (33.7)
	7545 (37.7)
	<0.001

	     Metabolic syndrome
	1481 (72.8)
	14869 (58.2)
	<0.001
	4501 (59.8)
	11850 (59.2)
	0.38

	     Current cigarette use
	544 (26.7)
	7232 (28.3)
	0.13
	2067 (27.4)
	5710 (28.5)
	0.079

	TIMI Risk Score for secondary prevention e
	
	
	
	
	
	

	Mean + SD, points
	3.4 + 1.2
	3.3 + 1.2
	<0.001
	3.3 + 1.3
	3.3 + 1.2
	0.002

	Statin intensity at baselinee
	
	
	0.023
	
	
	NA

	     High
	1365 (67.1)
	17737 (69.5)
	
	7533 (100)
	11570 (57.8)
	

	         Atorvastatin 80 or rosuvastatin 40 mg
	524 (25.8)
	7008 (27.5)
	0.10
	7533 (100)
	0
	

	     Moderate 
	667 (32.8)
	7725 (30.3)
	
	0
	8392 (41.9)
	

	     Low, unknown, or no data
	2 (0.1)
	67 (0.3)
	
	0
	69 (0.3)
	

	Ezetimibe
	83 (4.1)
	1357 (5.3)
	0.016
	672 (8.9)
	768 (3.8)
	<0.001

	Other cardiovascular medications
	
	
	
	
	
	

	     Aspirin, P2Y12 inhibitor, or both
	1875 (92.2)
	23556 (92.4)
	0.77
	7122 (94.6)
	18310 (91.5)
	<0.001

	     Beta-blocker
	1582 (77.8)
	19232 (75.4)
	0.017
	6056 (80.4)
	14759 (73.8)
	<0.001

	     Renin-angiotensin-aldosterone inhibitor
	1626 (79.9)
	19906 (78.1)
	0.047
	6016 (79.9)
	15517 (77.5)
	<0.001

	Median [IQR] lipid measures, mg/dL
	
	
	
	
	
	

	     LDL cholesterol 
	65.5 
[61.0, 68.0]
	93.5 
[82.0. 110.5]
	NA
	93.0 
[80.0, 111.5]
	91.0 
[79.5, 107.5]
	<0.001

	     Total cholesterol
	141.0 
[132.0, 152.0]
	170.0 
[153.5, 190.5]
	NA
	168.0 
[150.5, 190.5]
	167.0 
[151.0, 187.5]
	0.004

	     HDL cholesterol
	38.5 
[32.5. 47.0]
	44.0 
[37.5, 52.5]
	NA
	43.0 
[36.5, 51.5]
	44.0 
[37.0, 53.0]
	<0.001

	     Triglycerides
	181.0 
[115.0, 252.0]
	131.0 
[99.5, 177.0]
	NA
	133.0 [98.5, 181.0]
	133.0 
[100.0, 182.0]
	0.19

	LDL C < 70 mg/dL at baseline
	2034 (100)
	0
	NA
	524 (7.0)
	1510 (7.5)
	0.10


Baseline LDL-C data were not available for one patient. 
Maximal statin potency indicates either atorvastatin 80 mg or rosuvastatin 40 mg daily.  All other statin regimens were considered submaximal.
Date shown are n (%) unless otherwise specified
aThere were no nominally significant differences between the randomized treatments in either group stratified by baseline LDL cholesterol.  There were no nominally significant differences between the randomized treatments in either group stratified by baseline maximal statin potency except for baseline triglycerides and aspirin use in the submaximal subgroup (both p=0.05).
bBy trial design, these patients were required to have a non-HDL-C > 100 mg/dL
cRace was reported by the patients
dPatients could have more than one type of atherosclerosis
eCalculated as described by Bohula E et al. Circulation 2016;134: 304-13.
fStatin intensity was categorized in accordance with the guidelines of the American College of Cardiology and American Heart Association4
HDL high-density lipoprotein, IQR interquartile range, LDL low-density lipoprotein, NA not applicable, and SD standard deviation
SI conversion factors: to convert cholesterol (total, LDL, and HDL) to millimoles per liter, multiply by 0.0259; to convert triglycerides to millimoles per liter, multiply by 0.0113. 



Table 2 – Safety Outcomes With Evolocumab vs. Placebo Stratified by Baseline LDL-C and Potency of Background Statin
	
	Baseline LDL-C <70 mg/dLa (N=2033)
	
Baseline LDL-C >70 mg/dL
(N=25491)

	Outcome
	Evolocumab
(N=1030)
	Placebo
(N=1003)
	Evolocumab
(N=12739)
	Placebo
(N=12752)

	Serious adverse event
	268 (26.0)
	274 (27.3)
	3142 (24.7)
	3130 (24.5)

	Adverse event related to study drug and leading to drug discontinuation
	19 (1.8)
	19 (1.9)
	207 (1.6)
	182 (1.4)

	Injection site reaction
	30 (2.9)b
	16 (1.6)
	266 (2.1)a
	203 (1.6)

	Muscle-related event
	49 (4.8)
	60 (6.0)
	633 (5.0)
	596 (4.7)

	Cataract
	19 (1.8)
	16 (1.6)
	209 (1.6)
	226 (1.8)

	New onset diabetes, CEC adjudicatedc
	45/509 (8.8)
	53/475 (11.2)
	632/7828 (8.1)
	591/7864 (7.5)

	Neurocognitive event
	17 (1.7)
	12 (1.2)
	200 (1.6)
	190 (1.5)

	AST or ALT > 3 times normal
	27 (2.7)
	23 (2.3)
	213 (1.7)
	219 (1.7)

	Creatine kinase >5 times normal
	9 (0.9)
	9 (0.9)
	86 (0.7)
	90 (0.7)

	
	
	
	
	

	
	Maximal Potency Background Statin
(N=7524)
	Submaximal Potency Background Statin
(N=20001)

	
	Evolocumab
(N=3754)
	Placebo
(N=3770)
	Evolocumab
(N=10015)
	Placebo
(N=9986)

	Serious adverse event
	979 (26.1)
	1010 (26.8)
	2431 (24.3)
	2394 (24.0)

	Adverse event related to study drug and leading to drug discontinuation
	53 (1.4)
	53 (1.4)
	173 (3.7)
	148 (1.5)

	Injection site reaction
	84 (2.2)
	68 (1.8)
	212 (2.1)a
	151 (1.5)

	Muscle-related event
	207 (5.5)
	194 (5.1)
	475 (4.7)
	462 (4.6)

	Cataract
	53 (1.4)
	64 (1.7)
	175 (1.7)
	178 (1.8)

	New onset diabetes, CEC adjudicatedc
	214/2385 (9.0)a
	176/2383 (7.4)
	463/5952 (7.8)
	468/5956 (7.9)

	Neurocognitive event
	64 (1.7)
	63 (1.7)
	153 (1.5)
	139 (1.4)

	AST or ALT > 3 times normal
	84 (2.3)
	81 (2.2)
	156 (1.6)
	161 (1.6)

	Creatine kinase >5 times normal
	28 (0.8)
	33 (0.9)
	67 (0.7)
	66 (0.7)


Baseline LDL-C is not available for one patient.		39 patients who did not receive study drug are excluded.
Data shown are n (%), unless otherwise indicated.    
a By trial design, these patients were required to have a non-HDL-C > 100 mg/dL
b Nominal P value <0.05 vs. placebo				
c Patients with prevalent diabetes were excluded     		
There were no significant treatment – subgroup interactions for either LDL-C at baseline or potency of background statin.
ALT, alanine aminotransferase; AST, aspartate aminotransferase
To convert LDL-C values from mg/dL to millimoles per liter, multiply by 0.0259.





Figure Legend

Figure. Efficacy Outcomes Stratified by Baseline LDL-C (Panels A and B) and by statin intensity (Panels C and D). Panel A shows the hazard ratios and 95% confidence intervals at 3 years are shown for the primary (cardiovascular death, myocardial infarction, stroke, hospitalization for unstable angina, and coronary revascularization) and the secondary (cardiovascular death, myocardial infarction, and stroke) efficacy composite endpoints in the total population and in patients with baseline LDL-cholesterol <70 mg/dL mad with non-HDL-C > 100 mg/dL versus LDL-cholesterol > 70 mg/dL. Evolocumab significantly reduced both composite endpoints to a similar degree regardless of the baseline LDL-cholesterol.  Panel B shows the cumulative event rate of the key secondary endpoint with evolocumab compared with placebo in patients with baseline LDL-cholesterol <70 mg/dL and non-HDL-C >100 mg/dL.  Panel C shows the hazard ratios and 95% confidence intervals at 3 years are shown for the primary (cardiovascular death, myocardial infarction, stroke, hospitalization for unstable angina, and coronary revascularization) and the secondary (cardiovascular death, myocardial infarction, and stroke) efficacy composite endpoints in the total population and in patients on patient treated with maximal and submaximal background statin therapy.  Maximal statin therapy represents either atorvastatin 80 mg or rosuvastatin 40 mg daily. Evolocumab significantly reduced both composite endpoints to a similar degree regardless of the potency of background statin.  Panel D shows the cumulative event rate of the key secondary endpoint with evolocumab compared with placebo in patients treated with maximal potency statin. To convert LDL-C values from mg/dL to millimoles per liter, multiply by 0.0259.
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Medyczne Luxmed Spzoo, Lublin; T. Pasierski, Miedzyleski Szpital Specjalistyczny w
Warszawie, Warszawa; W. Dubaniewicz, Pomorskie Centra Kardiologiczne, Starogard Gdanski;
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Rychlewska-Hanczewska, Ai Centrum Medyczne, Poznan; T. Guzik, Malopolskie Centrum
Alergii i Immunoterapii Allmedis Sp. z o.o, Krakow.
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S. Rha, Korea University Guro Hospital, Seoul; M. Jeong, Chonnam National University
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Gonzalez Juanatey, Hospital Clinico Universitario de Santiago, Santiago de Compostela; F.
Civeira Murillo, Hospital Universitario Miguel Servet, Zaragoza; J. L. Zamorano Gomez,
Hospital Universitario Ramon y Cajal, Madrid; I. Lekuona Goya, Hospital de Galdakao,
Galdakao; A. Iñiguez Romo, Hospital Alvaro Cunqueiro, Vigo; A. Cordero Fort, Hospital
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Gregorio Marañon, Madrid.
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H. Yeh, Mackay Memorial Hospital Tamsui Branch, New Taipei City; C. F. Tsai, K. Ueng,
Chung Shan Medical University Hospital, Taichung City; M. Charng, Taipei Veterans General
Hospital, Taipei; C. Wu, C. J. Chen, C. I. Cheng, C. H. Yang, Kaohsiung Chang Gung
Memorial Hospital, Kaohsiung; C. Hsia, Changhua Christian Hospital, Changhua; J. Juang, F.
Chiang, National Taiwan University Hospital, Taipei; I. Hsieh, Linkou Chang Gung Memorial
Hospital of Chang Gung Medical Foundation, Taoyuan; W. Lai, Kaohsiung Medical University
Chung-Ho Memorial Hospital, Kaohsiung; C. Huang, Cathay General Hospital, Taipei; Y. Hsieh, Chi Mei Medical Center, Tainan.
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T. Sahin, Kocaeli Universitesi Tip Fakultesi, Kocaeli; M. Duzenli, Necmettin Erbakan
Universitesi Meram Tip Fakultesi, Konya; Z. Yigit, Istanbul University Cardiology Institute,
Istanbul; M. Demir, Cukurova Universitesi Tip Fakultesi, Adana; M. B. Yilmaz, Cumhuriyet
Universitesi Tip Fakultesi, Sivas; I. H. Muderrisoglu, Baskent Universitesi Ankara Hastanesi,
Ankara; C. Kirma, Kartal Kosuyolu Yuksek Ihtisas Egitim ve Arastirma Hastanesi, Istanbul; E.
Ercan, Izmir Medicalpark Hastanesi, Izmir; L. Kayikcioglu, Ege Universitesi Tip Fakultesi,
Izmir; Y. Balbay, Turkiye Yuksek Ihtisas Hastanesi, Ankara; S. Tokgozoglu, Hacettepe
Universitesi Tip Fakultesi Hastanesi, Ankara.
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O. Kraydashenko, Communal Institution City Clinical Hospital No 6, Zaporizhzhia; I. Lymar,
Communal Noncommercial Institution Consultative and Diagnostic Center of Desnianskyi
District of Kyi, Kyiv; O. Kulynych, Communal Institution Zaporizhzhia Regional Clinical
Hospital of Zaporizhzhia Regional Council, Zaporizhzhya; O. Prokhorov, Communal Healthcare
Institution Kharkiv City Clinical Hospital No27, Kharkiv; O. Karpenko, Kyiv City Clinical
Hospital 1, Kyiv; I. Kraіz, Railway Transport Kharkiv Clinical Hospital No1 of Healthcare
Center Branch of Public Joint Stock, Kharkiv; I. Vakaliuk, vano-Frankivsk Regional Clinical
Cardiological Dispensary, Ivano-Frankivsk; M. Stanislavchuk, Vinnytsia M I Pyrogov Regional
Clinical Hospital Vinnytsia M I Pyrogov National Medical University, Vinnytsia; O. Korzh,
Medical and Sanitary Unit of Open Joint Stock Company Kharkiv S Ordzhonikidze Tractor Plant, Kharkiv; I. Rudyk, Government Institution L T Malaya Therapy National Institute of NAMS of Ukraine, Kharkiv; S. Zhurba, Cherkasy Region Cardiological Center, Cherkasy; Y. Svishchenko, State Institution National Scientific Center Acad Strazhesko Institute of Cardiology, Kyiv; V. Tseluyko, Communal Healthcare Institution Kharkiv City Clinical Hospital No8 Kharkiv Medical Academy of Post g, Kharkiv; O. Gyrina, Limited Liability Company Treatment and Diagnostic Center Adonis plus, Kyiv; D. Reshotko, Oleksandrivska Clinical Hospital of Kyiv, Kyiv; M. Kopytsya, Government Institution L T Malaya Therapy National Institute of NAMS of Ukraine, Kharkiv; V. Volkov, Government Institution L T Malaya Therapy National Institute of NAMS of Ukraine, Kharkiv; G. Myshanych, Synexus State Institution Road Clinical Hospital 2 of Kyiv Station, Kyiv; B. Rebrov, Luhansk Regional Clinical Hospital State Institution Luhansk State Medical University, Lugansk; M. Rishko, Transcarpathian Regional Clinical Cardiological Dispensary, Uzhgorod; L. Rudenko, Kyiv City Clinical Emergency Medical Care Hospital, Kyiv; V. Shatylo, State Institution D F Chebotariov Institute of Gerontology of NAMS of Ukraine, Kyiv; O. Parkhomenko, State Institution National Scientific Center Acad MD Strazhesko Institute of cardiology of NAMS Ukr, Kyiv; L. Yena, State Institution D F Chebotariov Institute of Gerontology of NAMS of Ukraine, Kyiv; O. Golovchenko, Medical Clinical Investigational Center of Medical Center Health Clinic LLC, Vinnytsia; I. Sorokina, Synexus Medical Center of Private Educational Institution Institute, Kyiv; Y. Malynovsky, Communal Inst regional Medical Centre of Cardiovascular Diseases of Zaporizhzhia Regional Council, Zaporizhzhia.
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Center, Kansas City, MO; K. Dave, Heart Care Associates, Hopewell, VA; W. H. Haught, Heart
Center Research LLC, Huntsville, AL; A. Desire, Andre P Desire MD PA, Wichita Falls, TX; K.
Hershon, North Shore Diabetes and Endocrine Associates, New Hyde Park, NY; M. Napoli,
Clinical Trials of America Inc, Monroe, LA; L. Tami, M. Abdurrahman, Research Physicians
Network Alliance, Hollywood, FL; R. Rothschild, Cabrillo Cardiology Medical Group, Oxnard,
CA; S. Khurana, Healthy Heart Cardiology, Grandville, MI; D. Gupta, Tennessee Center for
Clinical Trials, Tullahoma, TN; D. Cheung, Long Beach Center for Clinical Research, Long
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Marcus, South Orange County Endocrinology, Laguna Hills, CA; S. Srivastava, Pentucket
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Table S1 – Efficacy Outcomes With Evolocumab vs. Placebo Stratified by Baseline LDL-C 
	
	Baseline LDL-C <70 mg/dLa
(N=2034)
	Baseline LDL-C >70 mg/dL
(N=25529)
	

	Outcome
	Evolocumab
(N=1030)
	Placebo
(N=1004)
	Hazard Ratio (95% CI)
	Evolocumab
(N=12754)
	Placebo
(N=12775)
	Hazard Ratio (95% CI)
	
PINT

	Primary endpointb
	86 (8.3)
	106 (10.6)
	0.80 (0.60-1.07)
	1258 (9.9)
	1457 (11.4)
	0.86 (0.79-0.92)
	0.65

	Key secondary endpointc
	48 (4.7)
	68 (6.8)
	0.70 (0.48-1.01)
	768 (6.0)
	945 (7.4)
	0.81 (0.73-0.89)
	0.44

	Other endpoints
	
	
	
	
	
	
	

	   Cardiovascular death
	14 (1.4)
	14 (1.4)
	0.97 (0.46-2.04)
	237 (1.9)
	226 (1.8)
	1.05 (0.87-1.26)
	0.88

	   Myocardial infarction
	25 (2.4)
	43 (4.3)
	0.58 (0.35-0.94)
	443 (3.5)
	596 (4.7)
	0.74 (0.65-0.84)
	0.32

	   Stroke
	17 (1.7)
	20 (2.0)
	0.85 (0.44-1.62)
	190 (1.5)
	242 (1.9)
	0.78 (0.65-0.95)
	0.84

	   Hospitalized for unstable angina  
	16 (1.6)
	19 (1.9)
	0.84 (0.43-1.64)
	220 (1.7)
	220 (1.7)
	1.00 (0.83-1.20)
	0.63

	   Coronary revascularization
	51 (5.0)
	65 (6.5)
	0.78 (0.54-1.13)
	708 (5.6)
	900 (7.0)
	0.78 (0.71-0.86)
	0.97


Baseline LDL-C data were not available for one patient randomized to placebo. 
To convert LDL-C to millimoles per liter, multiply by 0.0259.
Data shown are n (%)  
a By trial design, these patients had non-HDL-C > 100 mg/dL
b Cardiovascular death, myocardial infarction, stroke, hospitalization for unstable angina, or coronary revascularization
c Cardiovascular death, myocardial infarction, stroke 





Table S2: Patient Characteristics Stratified Potency of Background Statina
	Characteristics
	Maximal
(N=7533)
	Submaximal
(N=20031)
	P-value

	Age, mean + SD – yr
	61.1 + 8.9
	63.0 +9.0
	<0.001

	Male
	5722 (76.0)
	15073 (75.2)
	0.22

	White raceb
	7027 (93.3)
	16431 (82.0)
	<0.001

	Region
	
	
	<0.001

	     North America
	1877 (24.9)
	2694 (13.4)
	

	     Europe
	4862 (64.5)
	12473 (62.3)
	

	     Latin America
	180 (2.4)
	1643 (8.2)
	

	     Asia, Pacific, South Africa
	614 (8.2)
	3221 (16.1)
	

	Type of atherosclerosisc
	
	
	

	     Myocardial infarction
	6499 (86.3)
	15852 (79.1)
	<0.001

	     Non-hemorrhagic stroke
	1182 (15.7)
	4155 (20.7)
	<0.001

	     Peripheral artery disease
	1012 (13.4)
	2630 (13.1)
	0.51

	Cardiovascular risk factors
	
	
	

	     Hypertension
	6019 (79.9)
	16065 (80.2)
	0.57

	     Diabetes mellitus
	2536 (33.7)
	7545 (37.7)
	<0.001

	     Current cigarette use
	2067 (27.4)
	5710 (28.5)
	0.079

	Statin intensity at baselined
	
	
	NA

	     High
	7533 (100)
	11570 (57.8)
	

	     Moderate 
	0
	8392 (41.9)
	

	     Low, unknown, or no data
	0
	69 (0.3)
	

	Ezetimibe
	672 (8.9)
	768 (3.8)
	<0.001

	Other cardiovascular medications
	
	
	

	     Aspirin, P2Y12 inhibitor, or both
	7122 (94.6)
	18310 (91.5)
	<0.001

	     Beta-blocker
	6056 (80.4)
	14759 (73.8)
	<0.001

	     Renin-angiotensin-aldosterone inhibitor
	6016 (79.9)
	15517 (77.5)
	<0.001

	Median lipid measures in mg/dL [IQR]
	
	
	

	     LDL cholesterol 
	93.0 [80.0, 111.5]
	91.0 [79.5, 107.5]
	<0.001

	     Total cholesterol
	168.0 [150.5, 190.5]
	167.0 [151.0, 187.5]
	0.004

	     HDL cholesterol
	43.0 [36.5, 51.5]
	44.0 [37.0, 53.0]
	<0.001

	     Triglycerides
	133.0 [98.5, 181.0]
	133.0 [100.0, 182.0]
	0.19

	LDL cholesterol < 70 mg/dL at baseline
	524 (7.0)
	1510 (7.5)
	0.10



Table S2 – Efficacy Outcomes With Evolocumab vs. Placebo Stratified by Potency of Background Statin 
	
	Maximal Potency Background Statin
	Submaximal Potency Background Statin
	

	
Outcome
	Evolocumab
(N=3758)
	Placebo
(N=3775)
	Hazard Ratio (95% CI)
	Evolocumab
(N=10026)
	Placebo
(N=10005)
	Hazard Ratio (95% CI)
	
PINT

	Primary endpointa
	421 (11.2)
	489 (13.0) 
	0.86 (0.75-0.98)
	923 (12.4)
	1074 (13.9)
	0.85 (0.78-0.93)
	0.88

	Key secondary endpointb
	246 (6.5)
	315 (8.3)
	0.78 (0.66-0.92)
	570 (7.9)
	698 (9.7)
	0.81 (0.72-0.90)
	0.71

	Other endpoints
	
	
	
	
	
	
	

	   Cardiovascular death
	74 (2.0)
	67 (1.8)
	1.11 (0.80-1.54)
	177 (2.6)
	173 (2.3)
	1.02 (0.83-1.26)
	0.67

	   Myocardial infarction
	141 (3.8)
	222 (5.9)
	0.63 (0.51-0.78)
	327 (4.3)
	417 (5.8)
	0.78 (0.67-0.90)
	0.11

	   Stroke
	60 (1.6)
	60 (1.6)
	1.00 (0.70-1.44)
	147 (2.3)
	202 (2.8)
	0.72 (0.58-0.89)
	0.11

	   Hospitalized for unstable angina  
	75 (2.0)
	90 (2.4)
	0.84 (0.62-1.14)
	161 (2.4)
	149 (1.9)
	1.08 (0.86-1.35)
	0.20

	   Coronary revascularization
	248 (6.6)
	316 (8.4)
	0.78 (0.66-0.93)
	511(6.5)
	649 (8.8)
	0.78 (0.69-0.88)
	0.95


Maximal potency statin = atorvastatin 80 mg or rosuvastatin 40 mg daily.
Data shown are n (%).   
aCardiovascular death, myocardial infarction, stroke, hospitalization for unstable angina, or coronary revascularization
bCardiovascular death, myocardial infarction, stroke 
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