  Determining When to Add Nonstatin Therapy – A Quantitative Approach

Brief title: Adding nonstatin therapy

Jennifer G Robinson, MD, MPH
University of Iowa
Iowa City, Iowa
jennifer-g-robinson@uiowa.edu 


Roeland Huijgen, MD, PhD
Academic Medical Center
Amsterdam, Netherlands
r.huijgen@amc.uva.nl 

Kausik Ray, MBChB, FRCP, MD, MPhil
Imperial College 
London, United Kingdom
k.ray@imperial.ac.uk  

Jane Persons, PhD
University of Iowa
Iowa City, Iowa
jane-persons@uiowa.edu 

John JP Kastelein, MD, PhD, FESC
Academic Medical Center
Amsterdam, Netherlands
j.j.kastelein@amc.uva.nl 

Michael J. Pencina, PhD
Duke Clinical Research Institute
Chapel Hill, North Carolina
michael.pencina@duke.edu 



Corresponding author
Jennifer G. Robinson, MD, MPH
Professor
Departments of Epidemiology & Medicine
Director, Prevention Intervention Center
College of Public Health 
University of Iowa 
145 N Riverside Drive S455 CPHB
Iowa City, IA 52242-2007
Office                    319.384.1563
Assistant              319.384.1540
Fax                         319.384.4155
jennifer-g-robinson@uiowa.edu

Words: 4993 





No funding was received for preparation of this manuscript 


Disclosures:
Jennifer G. Robinson, MD, MPH in the past year:
Research grants to Institution: Amarin, Amgen, Astra-Zeneca, Eli Lilly, Esai, Glaxo-Smith Kline, Pfizer, Regeneron, Sanofi, and Takeda.
Consultant: Akcea/Ionis, Amgen, Eli Lilly, Esperion, Merck, Pfizer, Regeneron, Sanofi
Roeland Huijgen, MD, PhD: None
Kausik Ray, MBChB, FRCP, MD, MPhil in the past year:
Research grants to Institution: Pfizer, Amgen, Merck, Sanofi, and Regeneron
Consultant: Abbvie, Aegerion, Amgen, Astra Zeneca, Boehringer Ingelheim, Cerenis, Eli Lilly, Kowa, Merck, Pfizer, Regeneron, Resverlogix, Sanofi, Takeda
Jane Persons, PhD:  None
John JP Kastelein, MD PhD, FESC in the past year:
Research grants to Institution: Pfizer, Amgen, Eli Lilly, Sanofi, and Regeneron, The Medicines Company
Consultant: Amgen, Astra Zeneca, Eli Lilly, Pfizer, Regeneron, Resverlogix, Sanofi, The Medicines Company, Esperion, Gemphire, Catabasis
Michael Pencina, PhD in the past year:
Research grants to institution: Regeneron/Sanofi



Abstract 
Background: Nonstatin costs and uncertainty about benefits currently limit their use.  Estimation of the potential for net benefit may better guide the addition of nonstatin therapy.  
Objective:  Identify groups of patients who might benefit from the addition of a nonstatin to background statin therapy.
Methods: Systematic reviews of subgroup analyses from randomized trials and observational studies were used to determine the estimated 10-year absolute risk of atherosclerotic cardiovascular disease (ASCVD) to define high and very high risk patient groups.  Calculated relative risk reductions for the addition of a nonstatin were used to determine the number-needed-to-treat to prevent one ASCVD event (NNT)over 5 years for each patient group to allow comparisons to 5-year cost analyses. Number-needed-to-harm and net benefit were evaluated.
Results: 10-year ASCVD risk for statin-treated participants with clinical ASCVD with comorbidities is at least 30% (very high risk), and 20-29% (high risk) for those with ASCVD without comorbidities or who have heterozygous familial hypercholesterolemia.  Adding ezetimibe to reduce LDL-C by 20% would provide a 5-year NNT<50 for very high risk patients with LDL-C >130 mg/dl or high risk patients with LDL-C >190 mg/dl and an NNT<30 for very high risk patients with LDL-C >160 mg/dl.  Adding a PCSK9 monoclonal antibody (mAb) to lower LDL-C by at least 50% would provide an NNT<50 for very high and high risk patients with LDL-C>70 mg/dl, and an NNT<30 for very high and high risk patients with LDL-C >130 mg/d. From the payer’s perspective, PCSK9 mAbs may be cost effective in very high risk and high risk patients depending on the baseline LDL-C level and magnitude of discounting. 
Conclusions:  Quantitative guidance is provided to determine the potential for a net benefit over 5 years from adding ezetimibe or a PCSK9 mAb to maximally tolerated statin therapy from the perspective of clinicians, patients, and payers. 
Abbreviations 
ACC	American College of Cardiology
AHA	American Heart Association
ASCVD	Atherosclerotic cardiovascular disease 
FH	Familial hypercholesterolemia
LDL-C	Low density lipoprotein cholesterol
mAb	Monoclonal antibody
MI	Myocardial infarction
NNH	Number-needed-to-treat to cause one adverse event (harm)
NNT	Number-needed-to-treat to prevent one event
PCSK9	Proprotein convertase subtilisin-like/kexin type 9
RCT	Randomized clinical trial






Introduction 
[bookmark: _GoBack]Despite maximally tolerated statin therapy, patients may remain at increased risk of an atherosclerotic cardiovascular disease (ASCVD) event.  The American College of Cardiology (ACC) recently released a clinical pathway for nonstatin therapy for additional low density lipoprotein cholesterol (LDL-C) lowering in statin-treated patients.1  This pathway is intended to provide a bridge between the 2013 ACC/American Heart Association (AHA) cholesterol guideline2 and future cholesterol guidelines.  
The ACC pathway continues to emphasize the importance of considering the potential for net benefit from adding nonstatin therapy, and the role of shared decision-making in the Clinician Patient Discussion (Supplemental Table 1), first introduced in the 2013 ACC/AHA cholesterol guideline.  The ACC pathway further supports  the recently introduced concept of LDL-C thresholds to trigger consideration of the potential for net benefit from added nonstatin therapy.3  Unfortunately, the ACC pathway provided only general guidance for determining the potential net benefit (Supplemental Table 2). 
As is often the case with clinical guidelines, new evidence has emerged since the recommendations were completed that can begin to fill the knowledge gap regarding quantitation of net benefit.  Our work, and that of others, has recently shown how quantitation of the absolute benefit from an added therapy can inform clinical decision-making.4-6  Absolute risk reduction from added therapy  can be further quantified as number-needed-to-treat to prevent the first event (NNT) in a given time horizon, which then allows comparison to the number-needed-to-treat to cause one adverse event (harm; NNH). Consideration of NNT and NNH can be used to inform the Clinician Patient Discussion and are an important step towards supporting personalized medicine.  NNT and NNH can also easily be used to define patient groups using a combination of absolute risk and LDL-C thresholds likely to benefit from the addition of a nonstatin therapy, i.e. a “rule of thumb” for clinicians, patients, and payers.  

Methods 
Absolute risk for patient categories
The potential absolute risk reduction from an added therapy is a function of the absolute risk of the patient and the relative reduction in risk from the added therapy.  Based on a systematic review of randomized clinical trials (RCTs), the 2013 ACC/AHA cholesterol guideline identified cut-points for primary prevention from the placebo groups of primary prevention statin trials.2 7 A similar approach based on a systematic review of RCTs was used for this analysis to identify the lower limit of absolute risk for various patient groups identified in the ACC pathway (Supplement A; Supplemental Table 1).1  RCTs identified in the systematic review for the 2013 ACC/AHA guideline (publications between January 1975 and May 2011) were reviewed for ASCVD outcomes [defined as incident nonfatal myocardial infarction (MI), nonfatal stroke, or fatal MI or stroke, or coronary heart disease or cardiovascular death] in the statin monotherapy arm and adverse effects, and for percent reduction in LDL-C.  In addition, we searched MEDLINE for relevant subgroup analyses from trials with ASCVD outcomes published between January 1994 and April 6, 2016.  We also manually searched our personal files and references of key articles, reviews, and meta-analyses.  ASCVD risk was extrapolated to 10 years to facilitate comparisons with risk assessed in primary prevention patients using 10-year risk estimation, as recommended in the 2013 ACC/AHA cholesterol guideline.7 
Because no trial specifically enrolled patients with familial hypercholesterolemia (FH), we performed a systematic review of observational studies.  We were unable to identify any publications reporting 10-year ASCVD rates in statin-treated FH patients, although 2 were identified subsequent to the completion of the search.8 9  We therefore undertook an analysis of the national cascade screening program conducted in the Netherlands from 1994-2010, which has been described in detail previously (Supplement B).10 11 

Relative risk reduction for nonstatins
The ACC pathway identified ezetimibe, proprotein convertase subtilisin/kexin 9 (PSCK9) inhibitors, and bile acid sequestrants as nonstatin options for additional LDL-C lowering.  The magnitude of LDL-C lowering with these nonstatins varies, and only ezetimibe has been shown to clearly reduce ASCVD events when added to background statin therapy.2 12  Cholestyramine has been shown to reduce cardiovascular events in hypercholesterolemic men, but no cardiovascular outcomes trials have been performed  for bile acid sequestrants in the setting of background statin therapy.13  The ACC pathway did not recommend niacin or fibrates for additional LDL-C lowering.  These treatments modestly reduce LDL-C <10%, and do not appear to reduce ASCVD risk when added to background statin therapy, and niacin substantially increases adverse events.2 14  
The relative reduction in cardiovascular events for statins, ezetimibe, and possibly PCSK9 monoclonal antibodies (mAbs), has been found to be  consistent with the relationship described in the Cholesterol Treatment Trialists meta-analysis, where each 39 mg/dl (1 mmol/L) reduction in LDL-C is associated with a 21% reduction in major cardiovascular events (Figure 1).3 12 15-18  Thus, the average relative risk reduction from adding one of these LDL-C lowering therapies was considered a linear function of the reduction in LDL-C level on statin therapy and approximated by 0.21 times the mmol/L reduction in LDL-C for this analysis.  
To identify average LDL-C lowering efficacy and rate of adverse events in statin-treated patients, we used a previously published individual level meta-analysis of ezetimibe trials and IMPROVE-IT to determine ezetimibe efficacy, a systematic review of PCSK9 mAb trials, and previous systematic reviews of bile acid sequestrants (Supplement C). 2 11 19 20     

Estimation of number needed to treat and adverse event rates
To estimate the NNT, the magnitude of LDL-C reduction was calculated as a product of the on-statin treated LDL-C level and the average percent LDL-C reduction for 2 nonstatins - ezetimibe and PCSK9 mAbs (Supplement C).   Adverse event rates were derived from the active arms of these trials.   The 5-year NNT for a given treatment added to statin therapy for various levels of on-treatment LDL-C within each patient risk group was calculated as the inverse of the expected absolute risk reduction over 5 years for a given percent LDL-C reduction (absolute risk X relative risk reduction from magnitude of LDL-C reduction). Use of the 5-year NNT facilitated comparison to the estimated cost per quality adjusted life year for PCSK9 mAbs and ezetimibe from the Institute for Clinical and Economic Review (ICER) analysis.21  For simplicity, the 5-year event rates were conservatively estimated as half of the lower risk threshold used to define the risk category.  

Results 
Absolute risk for patient categories
We identified 6 RCTs from the 2013 ACC/AHA guideline systematic review and MEDLINE search that reported ASCVD events as a primary or secondary outcome (Supplement A and Supplement Figure 1).  These trials had been graded as fair to good quality by the NHLBI criteria developed for their systematic review.7  From these 6 trials, 16 articles reported ASCVD event rates for subgroups that were used to identify absolute risk levels for the patient risk categories used in the ACC pathway or other patient subgroups based on sex, age, or multi-vessel ASCVD (Supplemental Table 1).  The large majority of these were post  hoc subgroup analyses.
Patients included in the ACC pathway category of “clinical ASCVD with comorbidities” were very high risk, and largely had a projected 10-year ASCVD risk >30% despite moderate or high intensity statin therapy: 26-43% for those with ASCVD and diabetes, 34-35% for those with ASCVD and chronic kidney disease (CKD; defined as glomerular filtration rate of <60 ml/min/1.73 m2), 32% for those with recent acute coronary syndromes (<10 days), and 28-41% with ASCVD and poorly controlled risk factors of  current smoking or resistant hypertension (defined as systolic blood pressure >140 mm Hg or <140 mm Hg on 4 or more antihypertensive medications).  Other patient subgroups also had >30% 10-year ASCVD risk on statin therapy, including those with coronary heart disease or ASCVD and peripheral arterial disease or ASCVD and age >65 years in some trials, as well as men with a history of stroke/or transient ischemic attack.  The ACC pathway category of clinical ASCVD with baseline LDL-C >190 mg/dl was also at very high risk if those patients had heterozygous FH, with a 41% 10-year CVD event rate in statin-treated FH with a history of acute coronary syndromes based on observational data (Supplement A).8  The ACC pathway also identified patients with ASCVD and elevated lipoprotein (a) levels or recurrent ASCVD events as high risk, however, we were unable to find subgroup analyses that reported event rates for these patient groups.22  
The patients included in the ACC pathway category of “clinical ASCVD without comorbidities” were high risk and largely had 10-year ASCVD risks of 20-29% on moderate or high intensity statin therapy.   However, lower 10-year risks were consistently observed among some groups of ASCVD patients without comorbidities receiving high intensity statin therapy: no diabetes 16-20%, nonsmokers or former smokers 10-26%, controlled hypertension 16-20%, or no chronic kidney disease 22-26% (Supplemental Table 1).  Other high risk patient groups included those with coronary heart disease who had undergone coronary artery bypass grafting, without peripheral arterial disease, age <65 years, and women with a history of stroke or transient ischemic attack.  The presence or absence of metabolic syndrome and its components did not increase 10-year ASCVD risk above the 30% threshold (15-26% 10-year ASCVD risks).   
The ACC pathway patient category of primary prevention with baseline primary LDL-C >190 mg/dl was addressed with our analysis of untreated Dutch FH patients with severe LDL receptor mutations which found a rate of nonfatal cardiovascular events (including coronary revascularizations) of 20-40% in those aged 40-80 years of age, which is likely equivalent to a similar, or higher, rate of nonfatal and fatal ASCVD events (Supplement B).  Another analysis of 6 large epidemiologic studies that used an LDL-C >190 mg/dl as the definition of an FH phenotype, although they did not correct for statin use after baseline. 9 They found increasing ASCVD event rates with advancing age, ranging from 14 per 1000 patient years at age 40-49 years to 26 per 1000 patient years at age 70-79 years.  Due to lifetime exposure to high LDL-C levels, the lower risk in statin-treated FH patients would likely be higher than expected from the on-treatment LDL-C levels. 
Patients included in the ACC pathway category of “primary prevention diabetes with LDL-C <190 mg/dl” had a 10-year ASCVD risk <20% on a moderate intensity statin.

Relative risk reduction and NNTs for nonstatins
To compare NNTs, representative percent LDL-C reductions of 20%, 35%, 50% and 65% were selected based on average efficacies for ezetimibe, combinations of 2 nonstatins other than a PCSK9 mAb, and PCSK-9 mAbs (Supplement C).12 19 20 23 24  25 26
Preliminary data has shown that evolocumab and alirocumab reduced major cardiovascular events over a period of 11-18 months in patients with average baseline LDL-C levels of 120-122 mg/dl.17 18  
Representative NNTs for 5 years of treatment for several percent reductions in LDL-C, absolute risk thresholds, baseline LDL-C levels are provided in Table 1.  

Adverse event rates for nonstatins
Ezetimibe had no significant adverse effects with long-term use in IMPROVE-IT. 11 Bile acid sequestrants may have significant gastrointestinal adverse effects and drug interactions (Supplement C).20  .   
Neurocognitive events were the most significant adverse effect  reported for the 2 PCSK9 mAbs (Supplement C) .17 18 27  The NNH for PCSK9 mAbs over this time period was calculated from the average annualized excess rate of the broad category of neurocognitive adverse events reported in the ODYSSEY LONG TERM and OSLER trials (average approximately 0.5%/year), yielding a 1-year NNH= 186.  This rate was not extrapolated to 5 years in the absence of longer-term safety data.

Discussion  
These findings largely validate the categories an approach take in the ACC nonstatin clinical pathway.  This analysis also provides strong support for the use of absolute risk and LDL-C thresholds for informing the decision to add a nonstatin and provides quantitative information that can guide decision-making within the context of the Clinician-Patient Discussion.  As seen in Table 1, 5-year NNTs vary widely depending on the absolute risk category, baseline LDL-C level, and percent reduction in LDL-C from the added therapy.  The NNT cut-point for consideration of add-on therapy likely differs for clinicians, patients, and payers.  An NNT=50 is generally considered acceptable by clinicians, although patients may consider an NNT=30 more acceptable.28  For payers, NNT cut-points may vary depending what they determine to be an acceptable cost per quality adjusted life year (QALY).21  Thus, using NNT thresholds to identify those patients most likely to benefit from the addition of a nonstatin in addition to discounting may better focus the use of healthcare resources.

Clinical perspective
Applying this metric, the addition of ezetimibe for an additional 20% reduction in LDL-C would seem reasonable at the NNT <50 level for very high risk patients with LDL-C >130 mg/dl or high risk patients with LDL-C >190 mg/dl (Table 1 and 2).  At the NNT <30 level, ezetimibe therapy would be reasonable only for very high risk patients with LDL-C >160 mg/dl.  Thus, ezetimibe seems most likely to provide a meaningful risk reduction benefit only for patients with heterozygous FH, or at high risk who are unable to tolerate or less responsive to higher intensity statin therapy. 
A 50 or 65% reduction in LDL-C results in lower 5-year NNTs (Table 1).  Based on a 5-year NNT <50, clinicians might consider the addition of a PCSK9 mAb reasonable for very high risk patients with LDL-C >70 mg/dl, high risk patients with LDL-C >100 mg/dl, and moderate risk patients with LDL-C >160 mg/dl (Table 1 and 2).  At the NNT <30 level, a PCSK9 mAb would be reasonable in very high risk patients with LDL-C >100 mg/dl, high risk patients with LDL-C >130 mg/dl, and moderate risk patients with LDL-C >190 mg/dl.  
To inform the Clinician-Patient Discussion, consideration of adverse events is needed to estimate the potential for net benefit.  As described above, ezetimibe appears to have no serious adverse effects, and therefore the NNT likely reflects the potential for net benefit. Bile acid sequestrants were recommended in the ACC pathway for consideration as a second-line agent after ezetimibe in patients with a history of untreated LDL-C >190 mg/dl.1  However, more than 1 in 4 patients can expect to have gastrointestinal adverse events and significant drug-drug interactions, and even generic bile acid sequestrants are not inexpensive.20  Although the PCSK9 mAbs are generally well-tolerated, 2 shorter term trials suggest there may be a slight numeric excess of neurocognitive events at the highest doses.  As part of shared decision-making, it seems reasonable to mention the potential for adverse cognitive events for PCSK9 mAbs is relatively low (1-year NNH =186 for the broad category of neurocognitive events) and may be confined to the highest doses of PCSK9 mAbs.  The 5-year NNH for neurocognitive events based on formal neurocognitive testing is unknown at this time, pending the results of ongoing cardiovascular outcomes trials.  However, the risk of potentially severe adverse events is likely far outweighed by the potential for an ASCVD risk reduction benefit in higher risk patients. 
Additional considerations in the Clinician-Patient Discussion include evidence from randomized trials that the additional drug reduces ASCVD events when added to background statin therapy, patient perceptions of benefits and harms, patient preferences for additional preventive treatment, route of administration, convenience and medication storage, insurance copayments, and whether the additional drug will jeopardize adherence to other evidence-based therapies.1 3  A case example is provided (Box). 

Cost perspective
At this time, the cost of the PCSK9 mAbs precludes the widespread use of these drugs in patients who might benefit.21 29 The wholesale acquisition price of both alirocumab and evolocumab exceeds $14,000 per year in the US, although discounting may occur for some payers and in other countries.  A cost effectiveness analysis of PCSK9 mAbs released by the ICER found for those with familial hypercholesterolemia, the incremental cost effectiveness ratio was $290,000 per quality adjusted life year (QALY) gained (5-year NNT=28).21  For those with clinical cardiovascular disease and statin intolerance the incremental cost effectiveness ratio was $274,000 per QALY gained (5 year NNT=21), and for those with clinical ASCVD and LDL-C >70 mg/dl, the incremental cost effectiveness ratio was $302,000 per QALY gained (5-year NNT=21).   ICER estimated the cost at which the pCSK9 mAbs would be cost-effective under conventional willingness to pay thresholds of $50,000, $100,000, and $150,000 per QALY gained would require the annual price to be reduced to $3166, $5404, and $7735, respectively. They estimated a price of $2177 per year (an 85% discount from list price) would be required to keep from exceeding growth targets in the future gross domestic product as suggested in statin and national legislation. 
The ICER calculations based on NNT suggest strategies for better identifying patient groups where PCSK9 mAbs would be reasonably cost-effective.  Referring to Table 1, 5-year NNTs <10-12 would likely be cost effective at <$150,000 per QALY gained for full-price PCSK9 mAbs – corresponding to very high risk individuals with LDL-C >160 mg/dl (Figure 2). This captures those very high risk patients who first come to mind as having the most to benefit from PCSK9 mAb therapy – those with clinical ASCVD and familial hypercholesterolemia, or statin intolerant patients with clinical ASCVD and other genetic hypercholesterolemias.  On the other hand, if 50% discounting occurs, an 5-year NNT 21-28 would also likely be cost effective at <$150,000 per QALY gained. This corresponds to very high risk patients with LDL-C >100 mg/dl, or high risk patients with LDL-C >160 mg/dl.  
	The ICER analysis assumed a 50% reduction in cardiovascular events based on the preliminary data from shorter term efficacy trials.21  It is important to note this magnitude of relative risk reduction may only hold true at the higher LDL-C levels of patients enrolled the 2 PCSK9 mAb efficacy/safety trials that reported the preliminary cardiovascular outcomes data, where the mean LDL-C was approximately 120 mg/dl  and an approximately 65% reduction in LDL-C occurred.17 18  The Cholesterol Treatment Trialists meta-analysis suggests that smaller relative risk reductions may occur when baseline LDL-C levels are lower or percent LDL-C reductions are smaller.  The ongoing cardiovascular outcomes trials for evolocumab and alirocumab are evaluating the incremental risk reduction benefit when these drugs are added to background high intensity statin therapy, and baseline LDL-C levels expected to be between 70-100 mg/dl.30 31  Therefore the cost-effectiveness ratio may be higher than originally estimated if a <50% relative reduction in cardiovascular events is observed.  
	A further consideration is that ezetimibe is anticipated to become generic in 2017 in the US, which should significantly influence its cost-effectiveness.	

Limitations
Determination of absolute risk for the ACC pathway patient groups was based on the best evidence available from clinical trials, and few data were available for patients with baseline primary LDL-C >190 mg/ dl.  Risk prediction equations are needed for statin-treated patients with and without ASCVD derived from contemporary data and which include levels of risk factor control and use of evidence-based medications.32  Although risk prediction and estimation of net benefit is probabilistic, more refined estimates may better prioritize patients for therapy and inform the Clinician Patient Discussion.  
We used the relative risk reduction (21%) expected for a 39 mg/dl (1 mmol/L) reduction in LDL-C observed in the CTT meta-analysis for the a the 50% and 65% reduction in LDL-C from adding a PCSK mAb.  The confidence intervals were wide in the preliminary data reported to date (Figure 1). More precise estimates await the results of ongoing cardiovascular outcomes trials of PCSK9 mAbs.
NNT and NNH are simple intuitive metrics but have several important limitations. They represent averages based on numerous assumptions and are influenced by the time horizon for risk.  For younger individuals longer horizon might be more appropriate,33 which might make our results more conservative.   
Use of 20% to define the lower absolute risk threshold in the high risk category may not reflect the risk of patients receiving high intensity statins.  However, the achieved LDL-C level <70 mg/dl with high intensity statin therapy in the majority of ASCVD patients in clinical trials2 means that most will not enter the ACC pathway for consideration of nonstatin therapy.  
We assumed a linear association between LDL-C and cardiovascular event reduction to extrapolate to LDL-C levels beyond those observed in Figure 1.  Some evidence suggests this might be conservative since risk reductions might be curvilinear and thus steeper at very high LDL-C levels.34

Other preventive therapies
	While the primary focus of this paper has been on adding nonstatin therapy to further lower LDL-C in patients receiving maximal statin therapy, the same concept of net benefit can be extended to other drugs shown to reduce ASCVD events.  A number of cardiovascular outcomes trials are underway for drugs that primarily modify other lipids, or have anti-inflammatory effects.  If shown to further reduce ASCVD events when added to maximal evidence-based therapies, the relative ASCVD risk reduction can be used to estimate the absolute risk reduction (and NNT) independent of baseline LDL-C level.  The adverse event rates in the trial(s) can be used to estimate NNH, which together with NNT can be used to estimate the potential for net benefit.  This information can then be used to inform shared decision-making as part of the Clinician-Patient discussion. It is also possible that consideration of NNT and NNH could be used to inform the long-term use of other preventive therapies shown to reduce cardiovascular events in the statin era, such as aspirin or beta-blocking agents.  NNT and NNH may also inform the intensification of antihypertensive therapy based on the data from the SPRINT trial.35

Future directions
Current risk prediction equations are intended for individuals without cardiovascular disease who are not receiving statin therapy.36  Risk prediction equations for recurrent ASCVD events have been developed but are subject to several limitations, including decades old data and lack of statin information.32 37  Validated, easy to use risk calculators are urgently needed for predicting ASCVD outcomes among statin-treated patients derived from contemporary data from the population under treatment,  and that account for evidence-based medication use and risk factor control.  More evidence is also needed for individualized prediction of adverse events from the added therapy.
Moreover, it may be that alternative treatment paradigms based on the legacy effects observed with long-term follow-up of statin trials could be established with long-term follow up of the PCSK9 mAbs trials.38  In this new paradigm, shorter term intensive LDL-C lowering therapy with PCSK9 mAbs would be more cost-effective when considered over longer term benefit, as well as considering reductions in multiple subsequent events.39 40  

Conclusions 
	We are on the way to the next paradigm in cardiovascular prevention where treatment decisions are informed by individualized estimates of the potential for a net benefit from additional therapy.  Once statin therapy has been maximized, the next step in lipid management is to determine whether some patients may experience a net ASCVD risk reduction benefit from the addition of a nonstatin.  Estimation of NNT based on the absolute risk of the patient and the relative risk reduction from therapy, along with NNH, can be used to inform shared decision-making.  An NNT calculator using ACC pathway patient categories can be found at https://www.dcri.org/our-services/biostatistics/center-for-predictive-medicine.
.  
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Perspectives: Core Clinical Competencies and Translational Outlook implications
Competency in Medical Knowledge:
Statin-treated patients may still be at increased risk of an ASCVD event.  When to add a nonstatin for additional LDL-C reduction is influenced by the potential for a risk reduction benefits and adverse effects, and may be influenced by cost.
Competency in Patient Care:
A recent 2016 ACC clinical pathway provided broad guidance on when to consider nonstatin therapy in to patients treated with maximally tolerated statin therapy.  More specific guidance for the Clinician-Patient Discussion can be derived from quantitative estimates of NNT, which can be estimated from patient level of risk, on-treatment LDL-C levels, and the potential additional relative reduction in ASCVD risk based on the percent reduction in LDL-C from the added nonstatin therapy. 
Translational outlook:
NNT<50:  
· Ezetimibe in very high risk patients with LDL-C >130 mg/dl or high risk patients with LDL-C >190 mg/dl
· PCSK9 mAb in very high and high risk patients with LDL-C>70 mg/dl
NNT<30: 
· Ezetimibe in very high risk patients with LDL-C >160 mg/dl.  
· PCSK9 mAb in very high and high risk patients with LDL-C >130 mg/d
From the payer’s perspective, PCSK9 mAbs are cost effective in very high risk and high risk patients depending on the LDL-C level and magnitude of discounting



Figure titles and legends

Figure 1. Association between the magnitude of LDL-C lowering and proportional reduction in major cardiovascular events from the Cholesterol Treatment Trialists meta-analysis, IMPROVE-IT and PCSK9 efficacy/safety trials
Adapted from CTT Collaboration. Lancet 2005; 366:1267-78 and supplemented with data from Cannon CP, et al. NEJM 2015;372:2387-2397; Robinson JG, et al. NEJM 2015;372:1489-1499; Sabatine MS, et al. NEJM 2015;372:1500-1509.  

Figure 2.  Central illustration. “Rule of thumb” patient categories likely to experience an ASCVD risk reduction benefit from additional LDL-C lowering therapy, considering both clinical perspective and cost perspective (assuming no adverse events)






Table 1.  The 5-year number-needed-to-treat to prevent one cardiovascular event (NNT) for very high, high, moderate and lower risk individuals on maximal statin therapy (light gray=NNT <30, darker gray=NNT 31-50). 
	5-year number-needed-to-treat to prevent one ASCVD event (NNT)
ON MAXIMAL STATIN THERAPY

	VERY HIGH RISK
>30% 10-year ASCVD risk
	Clinical ASCVD + Diabetes  
Clinical ASCVD + Chronic kidney disease
Clinical ASCVD with poorly controlled risk factors*
Recent acute coronary syndrome (<3 months)
Clinical ASCVD + primary LDL-C >190 mg/dl or familial hypercholesterolemia
Recent acute coronary syndrome (<3 months)
Clinical ASCVD with multiple recurrent events**
Clinical ASCVD with elevated lipoprotein (a)**

	
	Percent LDL-C reduction

	
	Add ezetimibe
	Combination therapy¥
	PCK9 mAb
	PCSK9 mAb maximum dose

	Initial LDL-C
	20%
	35%
	50%
	65%

	190 mg/dl
	32
	18
	13
	10

	160 mg/dl
	38
	22
	15
	12

	130 mg/dl
	47
	27
	19
	15

	100 mg/dl
	61
	35
	25
	19

	70 mg/dl
	88
	50
	35
	27

	HIGH RISK
20-<30% 
10-year ASCVD risk
	Clinical ASCVD (no diabetes and primary LDL-C <190 mg/dl) 
Familial hypercholesterolemia (heterozygous; no clinical ASCVD; age >40 years) or Primary LDL-C >190 mg/dl** 

	
	Percent LDL-C reduction

	Initial LDL-C
	20%
	35%
	50%
	65%

	190 mg/dl
	48
	28
	19
	15

	160 mg/dl
	57
	33
	23
	18

	130 mg/dl
	71
	40
	28
	22

	100 mg/dl
	92
	53
	37
	28

	70 mg/dl
	131
	75
	53
	40

	MODERATE RISK
10-<20% 
10-year ASCVD risk
	Primary prevention LDL-C <190 mg/dl† 
(with or without diabetes)

	
	Percent LDL-C reduction

	Initial LDL-C
	20%
	35%
	50%
	65%

	190 mg/dl
	97
	55
	39
	30

	160 mg/dl
	115
	66
	46
	35

	130 mg/dl
	141
	81
	57
	44

	100 mg/dl
	184
	105
	74
	57

	70 mg/dl
	263
	150
	105
	81



* Smoking or hypertension
** Included in an ACC pathway patient category but no subgroup analyses identified in systematic review

† If pretreatment cholesterol levels known: Use Pooled Cohort other validated risk prediction equation calibrated to the clinical population when primary LDL-C <190 mg/dl. Approximately equivalent to pretreatment 10-year ASCVD risk of: 15% - on moderate intensity statin (30% RRR) and 20% - on high intensity statin (40% RRR).  Risk prediction equations have not been validated when on-treatment total cholesterol levels are used. 

¥ Excluding PCSK9 mAbs




Box.  Case.  43 year old woman with LDL-C >190 mg/dl
First visit
J.V. is a 43 year old African American woman who had an LDL-C of 256 mg/dl identified for the first time in a workplace screening.  At the follow-up primary care physician visit, she reported she had been told her cholesterol was high in the past, but her good cholesterol was high too so she only needed to follow a low cholesterol diet, which she does.  Her father had an MI at age 39 years and his brother had an MI at age 42 years; both were smokers, cholesterols status unknown.  Her 2 children have never had their cholesterol checked. She is a nonsmoker and currently taking oral contraceptives.  
Exam: BMI 28.7 kg/m2, blood pressure 145/86 mm Hg. No corneal arcus, normal tendon size. Normal skin, heart, lung, abdominal, and neurologic exam.
Laboratories: 
Fasting lipid panel total cholesterol 343 mg/dl, LDL-C 249 mg/dl, HDL-C 58 mg/dl, triglycerides 178 mg/dl
Fasting glucose: 102 mg/dl
Normal values: Thyroid stimulating hormone, alanine aminotransferase, total protein, alkaline phosphatase, bilirubin, creatinine
Assessment:
1.  Familial hypercholesterolemia.  She meets the FH diagnostic criteria of the American Heart Association: Primary elevation in LDL-C >190 mg/dl for adults plus a first degree relative with premature coronary heart disease (alternatively may have a 1st degree relative with LDL-C >190 mg/dl for adults or LDL-C >160 mg/dl for children, or positive genetic testing).41  No evidence of secondary causes of hypercholesterolemia.  The prevalence of FH is approximately 1 in 250 individuals in populations around the world, and higher in some communities.9  
2. Treatment.  She is in a statin benefit group identified in the 2013 ACC/AHA cholesterol guideline (primary LDL-C >190 mg/dl.2  No further risk assessment is necessary (indeed, Pooled Cohort Equations do not accurately estimate risk when LDL-C >190 mg/dl.)36  Start atorvastatin 80 mg, a high intensity statin as recommended by the 2013 ACC/AHA cholesterol guideline for all adults >21 years with LDL-C >190 mg/dl unless there is a contraindication.2
3. Contraception.  Counseled patient and her partner to continue effective contraception to avoid the potential risk of fetal harm from statin therapy.
4. Lifestyle.  Encourage to continue heart healthy diet, regular physical activity, control weight, and continue to avoid exposure to tobacco.2 42 43
5. Cascade screen relatives.  FH is autosomal dominant, and 50% of direct antecedants and descendants will be affected.41 44  Less than 10% of FH patients have been identified and only 5% are adequately treated.  Systematic identification and treatment of FH patients can reduce their risk to that of the general population.  Children should have a nonfasting cholesterol measured at age 2 if there is a family history of FH, and universally at age 8-10 years.45
6. Follow-up. 3 months, lipid panel. No need to retest liver function tests since baseline ALT was normal.
Follow-up visit
J.V. returns for her 9 month follow-up visit.  Her LDL-C after 3 months on atorvastatin 80 mg was 147 mg/dl, a 41% reduction from baseline.  She was counseled on adherence to lifestyle and medication.  At the 6 month follow-up visit, her LDL-C was 142 mg/dl, a 43% reduction from baseline.  LDL-C today is 149 mg/dl on atorvastatin 80 mg/dl.  She has no musculoskeletal symptoms, missed no doses of atorvastatin (she uses a weekly pillbox) and is as adherent as she is able to lifestyle. 
Assessment: 
1. Familial hypercholesterolemia.  Her 15 year old son has an LDL-C of 180 mg/dl and has been started on a moderate intensity statin. 45  Her 12 year old daughter has a normal cholesterol.   
2. Additional LDL-C lowering.  Engaged in a Clinician Patient Discussion.  Would likely benefit from additional LDL-C lowering to reduce her burden of atherosclerosis for several reasons: (a)  due to her lifetime exposure to high LDL-C levels, (b)  the delay in starting atorvastatin in her 40’s, and (c) the increased ASCVD risk observed in African American women and men.46  Having heterozygous FH places her in the high risk category despite statin therapy with an LDL-C between 130 and 159 mg/dl on maximal and lifestyle statin therapy.  Options include:
(1) Adding ezetimibe for a further 20% reduction in LDL-C for an NNT between 57 and 71  (Table 1) and an LDL-C lowered to about 115 mg/dl.
(2) Adding a PCSK9 mAb to lower LDL-C another 50% would have an NNT between 23 and 28 (Table 1) and lower LDL-C to about 73 mg/dl.  Meta-analyses of statin trials suggest LDL-C levels <50 mg/dl result in the greatest relative risk reduction, and greater plaque regression occurs with progressively lower LDL-C levels.47 48  On the other hand, there is potentially a very small risk of neurocognitive adverse events.   J.V. is interested in a more aggressive treatment strategy and willing to perform subcutaneous injections every 2 weeks.
3. Prior authorization form filed to obtain a PCSK9 mAb.  The payer has negotiated a >50% discount with the manufacturer, and uses an NNT <20 at the approval threshold for access to PCSK9 mAbs.  
4. Patient will return to clinic to be instructed on auto-injector administration. 
5. Plans to calendar app to remind her about PCSK9 mAb adminstratiion.
6. Follow-up 2 months after beginning PCSK9 mAb.  Lipid panel should be obtained no more than 2 weeks after the last injection to accurately assess efficacy.
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