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eAppendix: Additional Modeling Details 

Input Parameters and Model Calibration 

The present version of the CVD Policy Model includes data from prior versions as well as many 

updates and upgrades.1-3 The 2010 U.S. Census provided the baseline population 4 and 

number of 35 year-olds projected to enter the model population from 2010-2060.5,6 CHD and 

stroke deaths in 2010 were extracted from U.S. Vital Statistics.7 Deaths were categorized 

according to the International Classification of Diseases (ICD) 10 codes:8 I20-I25 and two-thirds 

of  I49, I50, and I51 were used to estimate coronary heart disease deaths,9 I60-I69 were used 

to estimate stroke deaths, and all other deaths were considered non-CVD deaths.  

Statin use among US adults was estimated from contemporary survey data (National Health 

and Nutrition Examination Survey [NHANES], 2005-2012). Statin use in the model was stratified 

by age, gender, and history of cardiovascular disease. Further, the model incorporated the 

bivariate distribution of LDL and statin-use estimated directly from the NHANES 2005-12 

series. Model input parameters regarding statin use among patients with atherosclerotic 

cardiovascular disease are shown in eTable 1.  

The incidence of coronary heart disease and stroke were based on competing risk Cox 

proportional hazards analysis of the Framingham Heart Study10 and the Framingham Offspring 

Study11 cohorts from 1988-2007, with further adjustment for risk factor differences between the 

Framingham cohorts and NHANES. Incident coronary heart disease events were allocated to 

angina pectoris, hospitalized myocardial infarction, or cardiac arrest.  Prevalence, joint 

distributions and means of U.S. risk factor values were estimated from pooled, survey design-

weighted U.S.  National Health and Nutrition Examination Survey (NHANES), 2007-12.12 Annual 

© 2016 American Medical Association. All rights reserved.

Downloaded From:  by a UCSF LIBRARY User  on 02/22/2018



Page | A5 

transition rates between risk factor levels were calculated to preserve age-range trends. Risk 

function betas were estimated separately for the risk of incident coronary heart disease events, 

incident strokes, and non-CVD deaths, using examinations 1-8 of the Framingham Offspring 

cohort and accounting for competing risk across the three outcomes.11 The Framingham 

coefficients have been found to be useful for predicting CVD risk relationships across many 

populations.13-16 Risk factors were assumed to affect the incidence of myocardial infarction, 

arrest, and angina in proportion to the overall incidence of coronary heart disease, except 

tobacco smokers were assumed to have a higher relative risk for infarction and arrest (17; 

personal communication, Sean Coady, National Heart, Lung, and Blood Institute, February, 

2006) and a proportionately lower coefficient for angina.  Environmental tobacco exposure was 

assumed to carry a relative risk of 1.26 for myocardial infarction and cardiac arrest compared 

with non-exposed non-smokers18 but not to influence angina.   

The number of patients with hospitalized myocardial infarctions was obtained from discharges 

coded as ICD-9 code 410 in the 2010 National Hospital Discharge Survey (NHDS)19 adjusted 

for likely miscoding,20 such as patients who were discharged alive after two days or fewer 

without a percutaneous coronary intervention, and transfer patients.  Case-fatality rates and 

rates of myocardial infarction in subgroups were estimated from national data19 and a variety of 

complementary sources.21-23 Patients with pre-hospital arrest deaths were estimated from the 

U.S. Vital Statistics,24 and patients with out-of-hospital cardiac arrests surviving to hospital 

discharge were estimated from national data.19  Survival after a coronary heart disease event 

was estimated using California data on the ratio of in-hospital survival to 30 day survival25 and 

data from Medicare and Seattle, Washington.26,27  Rates of coronary revascularizations were 

estimated from the National Hospital Discharge Survey,19 with mortality estimated from 

aggregated historical data.    
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Atherosclerotic CVD event rates in the baseline simulation were modeled as a function of the 

history of age-range, gender and prior CVD events (e.g., rate of MI in the population with prior 

MI is higher than in the population with angina only; eTable 2).  Rates of these events were also 

assumed to be higher in the first year after an incident CVD event.  Case fatality rates were a 

function of age-range, gender and prior CVD history.  

CVD Policy Model estimates for the year 2010 were within 1% of estimates from the national 

vital statistics (stroke deaths, CHD deaths, and deaths from all causes) and the US National 

Hospital Discharge Survey (total MIs and strokes, eTable 3). 

Stroke incidence was assumed to independent of the risk of new onset coronary heart disease 

in the same year.  The number of hospitalized strokes was also obtained from the 2010 NHDS.  

Positive predictive values of specific ICD-9 stroke hospital diagnosis codes (inclusive of ICD 9 

codes 430-438) were derived by pooling several studies of stroke incidence that compared 

hospital diagnoses with a gold standard (e.g., stroke ascertained by Atherosclerosis in 

Communities Study, the Rochester Epidemiology Study or similar criteria).28 The positive 

predictive values were applied to age- and sex-specific NHDS cases in order to estimate total 

stroke event rates (inclusive of first-ever and recurrent stroke events).  Applying 30-day case 

fatality rates based on the Atherosclerosis in Communities Study29,30 yielded annual mortality 

rate estimates within the range of stroke rates reported by the U.S. Centers for Disease Control 

(CDC Wonder) for 2010. Incidence calibration assumed that 77% of all strokes are incident 

(first ever),31 but it was assumed that the proportion first ever/total diminished with age (i.e., 

>90% of all strokes are first strokes in 35-44 year olds and 50% are first strokes in 85-94 year 
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olds).  The resulting incidence of hospitalized stroke approximated age- and sex- specific 

stroke incidence rates observed in U.S. stroke cohort and surveillance studies.  The annual 

probabilities of stroke after myocardial infarction32 and the probability of coronary heart disease 

in stroke patients was based on natural history studies.33-38 

The background prevalence of CVD by age, sex, and CVD disease state (stroke, coronary heart 

disease, or both stroke and coronary heart disease) in 2010 was estimated from the National 

Health Interview Survey data from 2009-2011,39 assuming that the imperfect positive predictive 

value of survey data is offset by its imperfect sensitivity.40-42 Age-specific prevalence for 

individual CVD disease states were fitted with polynomial or spline functions of age to obtain 

smooth, monotonically increasing prevalence.  The background prevalence of prior coronary 

revascularization was estimated from revascularizations before 2010 and estimated survival 

after revascularization, while model projections were used to infer the distribution of 

revascularization by CVD state. 

The LDL-C lowering effect assumptions were validated in a simulation of West of Scotland 

Coronary Prevention Study.43,44 The study enrolled men 45-64 years of age with elevated 

cholesterol but no history of myocardial infarction and randomized them to daily treatment 

with 40 mg pravastatin once per day (n=3302) or placebo (n=3293).44 WOSCOPS participants 

were followed over 5 years for the primary endpoint, a composite measure of nonfatal 

myocardial infarction or death from coronary heart disease. The CVD Policy Model was used to 

simulate the WOSCOPS intervention among all US adults age 45-64 years by selecting those 

who would qualify according to cholesterol level inclusion criteria in WOSCOPS, imposing the 

pre- and post-intervention LDL-C and HDL cholesterol levels recorded in the West of Scotland 

Study 9 for the treatment and placebo groups,44 and evaluating model-produced estimates of 
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key clinical outcomes including the WOSCOP Study primary endpoint (cumulative CHD 

mortality or first MI) and the ratio of events in participants treated with statins compared to 

placebo.43 The model produced estimates that were within one percentage point of the 

numbers observed in the trial (eTable 4).  

Hospitalized stroke and coronary heart disease costs and acute stroke rehabilitation costs 

were estimated using California hospital data,45 deflated using cost-to-charge ratios,46 and the 

ratio of the U.S. national average costs to the California average.47 Chronic outpatient CVD 

costs were estimated for patients with a stroke or coronary heart disease diagnosis surveyed in 

the U.S. Medical Expenditure Panel Surveys pooled from 1998-2008, as were average annual 

non-cardiovascular (background) costs.48 All costs were indexed to the year 2015 using the 

medical component of the U.S. Consumer Price Index.49  

Although heart failure is not a distinct health state in the current version of the CVD Policy 

Model, the costs and quality of life penalties due to ischemic and non-ischemic heart failure are 

incorporated into chronic CHD states and non-CVD costs. For instance, approximately a 

quarter of patients who have an AMI develop heart failure after the initial hospitalization.  The 

CVDPM currently assumes a rate of heart failure hospitalizations proportional to CHD mortality, 

so when an intervention such as PCSK9 inhibitor therapy reduces CHD events, cost related to 

subsequent complications such as heart failure is also reduced. 

This study modeled the LDL Hypothesis, i.e., that statins, ezetimibe, and PCSK9 inhibitors 

produce identical reductions in cardiovascular outcomes per unit reduction in LDL-C.50,51 As 

shown below, this assumption is supported not only by the wealth of clinical trial data for 
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statins and an analysis of IMPROVE-IT (The Improved Reduction of Outcomes: Vytorin Efficacy 

International Trial) for ezetimibe, but also by the limited available data on PCSK9 inhibitors.51-60 

The IMPROVE-IT trial investigators demonstrated a linear relationship between reduction in the 

rate of major cardiovascular events and LDL-C reduction, and showed that the point-estimate 

of the IMPROVE-IT study lies on this line, suggesting that LDL-C reduction by ezetimibe likely 

has a similar effect on cardiovascular outcomes as that achieved by statins.51 The results of 

IMPROVE-IT and ten published PCSK9 inhibitor trials52-60 were used to examine the relationship 

between LDL-C reduction and major coronary events (the endpoint used in this study, CHD 

mortality + nonfatal MI). For ezetimibe, a mean reduction in LDL-C of 12.8 mg/dL (0.33mmol/L) 

was assumed, as reported by the IMPROVE-IT study investigators after imputation for missing 

data (similar to the method used by the Cholesterol Treatment Trialists for statin analyses). For 

PCSK9 inhibitors a fixed-effect meta-analysis was performed based on nine publications 

reporting randomized trials examining the effect of alirocumab and evolocumab on  major 

coronary events: DESCARTES52 (Evolocumab 420 mg vs. placebo every 4 weeks added to diet 

and statin ± ezetimibe 10mg in patients with  hypercholesterolemia), LAPLACE-TIMI5753 

(Evolocumab 140 mg every two weeks or evolocumab 420 mg every four weeks or placebo 

added to stable-dose statin ± ezetimibe 10 mg in patients with nonfamilial hyperlipidemia and 

hypercholesterolemia); ODYSSEY-ALTERNATIVE54 (Alirocumab 75-150 mg every two weeks 

compared with ezetimibe 10mg in patients with hypercholeterolemia); ODYSSEY-COMBO I55 

(Alirocumab 75-150 mg every two weeks or placebo in addition to intensive statin therapy in 

patients with hypercholesterolemia) and ODYSSEY-COMBO II56 (Alirocumab 75-150 mg every 2 

weeks or ezetimibe 10mg in addition to intensive statin therapy in patients with 

hypercholesterolemia); ODYSSEY FHI and FHII57 (Alirocumab 75-150 mg or placebo every two 

weeks in addition to intensive statin therapy in heterozygous familial hypercholesterolemia);  

ODYSSEY-LONGTERM58 (Alirocumab 150 mg or placebo every two weeks in addition to 
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intensive statin therapy in heterozygous familial hypercholesterolemia or hypercholesterolemia); 

ODYSSEY-OPTIONS I59 and ODYSSEY-OPTIONSII60 (Alirocumab 75-150 mg or ezetimibe 

10mg every two weeks in addition to statin therapy for patients with hypercholesterolemia). 

See Navarese et al. for a summary of the included studies.61 There were three key differences 

between our analysis and that by Navarese and colleagues: 1) Our outcome of interest was 

major coronary events, defined as a composite of non-fatal MI and death from coronary heart 

disease; 2) We included all patients in the treatment and control arms of the relevant trials, 

irrespective of the dose or dosing frequency tested; 3) Since CV events were included in the 

safety analyses of the relevant trials (rather than efficacy analyses), we included in the 

denominator only those patients for whom safety data were available. In other words, patients 

who were randomized but were lost to follow-up so that safety data were not available were 

not included in our analysis. Fourteen studies were excluded from the analysis because they 

did not report at least one event of interest in either arm of the study.62-75 

As done by Navarese and colleagues, the OSLER trial was excluded because enrolled patients 

were derived from previous RCTs.76 The nine publications (reporting 10 randomized trials) 

provided safety data on 6,607 patients. One reported a phase 2 study and the remainder 

reported phase 3 RCTs. Follow-up ranged from 12 to 52 weeks. As reported by Navarese and 

colleagues, all studies were randomized, double-blinded, with adequate allocation 

concealment, systematic adjudication outcomes, and without evidence of selective outcome 

reporting.61

Heterogeneity was evaluated using the I2 statistic. Since the heterogeneity was deemed to be 

low (I2<50%), pooled relative risk was calculated using a fixed-effects model (see Deeks et al. 

for a description of the Maentel Hanzel method employed in this meta-analysis).77  Sparse 

events were handled by applying a standard continuity correction of 0.5 to empty cells.78,79
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eTable 5 summarizes PRISMA information related to our meta-analysis80 and eFigure 2 

presents the results of the meta-analysis.  The meta-analysis results were adjusted for the LDL-

C reduction observed in the included clinical trials (57.50 mg/dL or 1.49 mmol/L) to estimate 

risk reduction in major coronary events per mmol/L reduction LDL-C (eTable 6).  Note that 

there were too few strokes in the short-term PCSK9 inhibitor trials included in this analysis to 

meaningfully estimate the effect of PCSK9 inhibitors on stroke.  

The relative risk of CHD mortality and nonfatal MI per mmol/L reduction in LDL-C was found to 

be nearly identical across the three agents: 0.76 for statins (95% confidence interval [CI], 0.73-

0.79); 0.75 for ezetimibe (95% CI, 0.61-0.94); and 0.78 for PCSK9 inhibitors (95% CI, 0.58-

1.04). As would be expected, the confidence intervals were widest for PCSK9 inhibitors, 

because only short-term clinical trials with relatively few clinical events are currently available 

for these drugs. These findings were consistent with the US FDA’s approval of PCSK9 

inhibitors based on the intuition that LDL-C reduction would be expected to improve 

cardiovascular outcomes in the long-term. However, the large confidence intervals for the 

effect of ezetimibe and PCSK9 inhibitors reflect the uncertainty arising from the small number 

of events in PCSK9 inhibitor and ezetimibe trials.  

In light of these new data, a scenario analysis was performed based on drug-specific risk 

reductions (i.e., average effect observed in trials, not tied to the choice of agent). In order to 

capture the uncertainty in clinical outcomes with ezetimibe and PCSK9 inhibitor therapy, the 

wider confidence intervals were incorporated into the probabilistic sensitivity analysis. 

Additional input parameters that were used in sensitivity analyses are shown in eTables 7 and 

8.  
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Prior to final submission of this manuscript we conducted an updated review of the literature in 

MEDLINE, Embase, and Google Scholar using the search terms employed by Navarese and 

colleagues.61 We found one additional randomized trial that examined the effect of alirocumab 

or evolocumab on cardiovascular outcomes: Nissen and colleagues reported 2 major adverse 

cardiovascular events relevant to our analysis in the GAUSS-3 trial (1 each in the treatment and 

control arm).81 Other trials of alirocumab or evolocumab published in the interim reported no 

major coronary events and were therefore excluded from the meta-analysis.82-84 Finally, the 

online supplement to one study that was already included in our meta-analysis (ODYSSEY FH-I 

and FH-II) provided information about 3 non-fatal events (2 in the control arm and 1 in the 

treatment arm).56 Including this information in the meta-analysis did not materially alter our 

point-estimate or uncertainty intervals (relative risk reduction in major coronary events per 

mmol/L lowering of LDL-C changed from 0.778 [95% CI, 0.583-1.040] to 0.774 [95% CI, 0.596 

– 1.006]), and thus did not alter our results or conclusions.

 Sullivan and Ghushchyan have previously estimated quality-of-life estimates for a variety of 

chronic medication conditions, based on data from the Medical Expenditure Panel Survey 

(2000-2002).87 In general, Sullivan’s effect size estimates are lower (less severe) than those 

estimated by the Global Burden of Disease study from which the base case quality-of-life 

estimates were derived (eTable 8). A scenario analysis was performed to explore the effect 

of using these quality-of-life estimates to estimate the cost-effectiveness of PCSK9 inhibitor 

therapy.  

© 2016 American Medical Association. All rights reserved.

Drug costs were estimated from published average wholesale acquisition costs.85  For the 

sensitivity analysis of statin therapy among patients eligible for statins but not currently 

receiving them, we estimated the cost of statin-related adverse events based on a prior 

publication of the CVD Policy Model (eTable 8).86 
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disutilities assuming the following input parameters: 

! Pill disutility (0.0010488 [0.0004assumed-0.003889]) applied to the ezetimibe arm.  

! Injection disutility applied to the PCSK9 inhibitor arm, assumed to be equivalent to 

needing to take a monthly subcutaneous bisphosphonate: 0.0040 (0.0008-0.0080).90  

The frequency and severity of adverse events related to PCSK9 inhibitors are uncertain 

because of the absence of long-term safety data. Simulation modeling offers the opportunity to 

explore how the cost-effectiveness of PCSK9 inhibitors would change if future investigations 

showed up additional adverse events. The base case modeled a small disutility for injection-

site reactions (which have been seen to affect 5% of patients in numerous clinical trials, are 

generally minor, and do not require discontinuation of the drug). A sensitivity analysis explored 

the effect of minor neurocognitive deficits in 0.5% of the population (eTable 8).   

The probabilistic sensitivity analysis incorporated 1000 Monte Carlo microsimulations that 

simultaneously varied key input parameters across pre-specified statistical distributions (see 

Table 1). The results of the probabilistic sensitivity analysis are presented in several ways to 

facilitate interpretation:  

! 80% uncertainty intervals around the base case estimate for key outcomes such as 

major adverse cardiovascular events, costs, QALYs, etc.; 

! acceptability curves, which plot the proportion of simulations that are cost-effective 

across a range of willingness-to-pay thresholds; and  

! using the net monetary benefit framework (because the net monetary benefit metric has 

more stable statistical properties than the ICER). 

© 2016 American Medical Association. All rights reserved.

The base case did not model disutility related to taking a daily pill (for patients receiving 

ezetimibe) or a monthly subcutaneous injection (for patients receiving PCSK9 inhibitor therapy). 

A probabilistic sensitivity analysis was performed to explore the effect of treatment-related 
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The rationale behind the choice of 80% uncertainty intervals was as follows. Since 

microsimulations typically assume that input parameters vary independently, the uncertainty 

intervals can appear to be substantially wider than would be expected in the real world. 

Uncertainty intervals from simulations should therefore not be considered equivalent to 

confidence intervals from empirical data. Reporting wide uncertainty intervals poses additional 

challenges when more than two strategies are being examined because the ICER becomes 

unstable when the denominator approaches zero. At the extremes, the ICER may even become 

negative and therefore nonsensical. Even when ICERs remain positive, the order of preference 

among the strategies may flip at the extreme, so that ICERs become considerably more 

difficult to interpret. Several of the above issues were relevant to our analysis: 95% uncertainty 

intervals were expected to be wide (given the uncertainty in the effect of PCSK9 inhibitors on 

cardiovascular outcomes), with the possibility of flipped ordering of the strategies at the 

extreme, which would make ICERs both statistically unstable and challenging to interpret. We 

therefore chose to present 80% uncertainty intervals, and focused on the use of acceptability 

curves as a preferred way to capture the uncertainty in our estimates.  

An alternative metric of cost-effectiveness is net monetary benefit (NBM), where: 

NMB = (Willingness-to-pay)*(Effectiveness of an intervention) – (Cost of the intervention) 

The key advantage of NMB it has more stable statistical properties compared with the ICER, 

which, being a ratio, becomes unstable as the denominator approaches zero.  Multiple 

strategies can be depicted in a single NMB graph: the steeper the curve, the more efficient the 

strategy. At any willingness-to-pay threshold, the highest strategy above the x-axis is the 

optimal strategy, and the vertical distance between two strategies is a measure of the 

incremental NMB of one strategy over the other (eFigure 5). 
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Model Validation 

The model accurately predicted MACE rates observed in the high-intensity statin arms of the 

trials included in the Cholesterol Treatment Trialists Collaboration meta-analysis (eTable 9).  

Additional Results 

Results from additional sensitivity analyses are presented in eTables 10-19 and eFigures 3-5. 

Of note, one scenario analysis examined the effect of using utilities derived from the Medical 

Expenditure Panel Survey by Sullivan et al (eTable 14).87 Since the baseline quality-of-life after 

a cardiovascular event was lower (e.g., 0.778 after an MI vs. 0.9648 in the Global Burden of 

Disease Study from which the base case estimates were derived), PCSK9 inhibitors were 

estimated to be more cost-effective in the FH population (where the drugs reduce the 

incidence of a first event) and less cost-effective in the ASCVD population (where everyone has 

a prior history of CVD, and therefore a lower baseline quality-of-life; eTable 14). Overall, the 

results did not meaningfully differ from the base case.
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eTable	
  1.	
  Statin	
  Use	
  in	
  the	
  CVD	
  Policy	
  Model.	
  Bivariate	
  distribution	
  of	
  statin	
  use	
  and	
  LDL-­‐cholesterol	
  level	
  among	
  individuals	
  with	
  
a	
  history	
  of	
  coronary	
  heart	
  disease	
  or	
  stroke	
  was	
  estimated	
  from	
  NHANES	
  2005-­‐2012.	
  

Men	
   Women	
  

Age	
   LDL-­‐C	
  level	
   On	
  Statin	
   Not	
  on	
  Statin	
   On	
  Statin	
   Not	
  on	
  Statin	
  

35-­‐44	
   <70	
  mg/dL	
   0.1159	
   	
  	
  0.0738	
   0.0000	
   0.0295	
  

70-­‐100	
  mg/dL	
   0.1112	
   	
  	
  0.0708	
   0.1680	
   0.3318	
  

>100	
  mg/dL	
   0.2723	
   	
  	
  0.3560	
   0.0488	
   0.4219	
  

45-­‐54	
   <70	
  mg/dL	
   0.1581	
   	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  0.0629	
   0.0252	
   0.0216	
  

70-­‐100	
  mg/dL	
   0.1963	
   	
  	
  0.1604	
   0.2351	
   0.1881	
  

>100	
  mg/dL	
   0.1473	
   	
  	
  0.2750	
   0.1121	
   0.4179	
  

55-­‐64	
   <70	
  mg/dL	
   0.1999	
   	
  	
  0.0045	
   0.0366	
   0.0073	
  

70-­‐100	
  mg/dL	
   0.3063	
   	
  	
  	
  	
  	
  	
  0.0861	
   0.3413	
   0.0664	
  

>100	
  mg/dL	
   0.1662	
   	
  	
  0.2370	
   0.2757	
   0.2727	
  

65-­‐74	
   <70	
  mg/dL	
   0.1652	
   	
  	
  0.0440	
   0.2307	
   0.0641	
  

70-­‐100	
  mg/dL	
   0.3042	
   	
  	
  0.0612	
   0.2404	
   0.0493	
  

>100	
  mg/dL	
   0.2610	
   	
  	
  0.1644	
   0.1282	
   0.2873	
  

75-­‐84	
   <70	
  mg/dL	
   0.1915	
   	
  	
  0.0273	
   0.1672	
   0.0050	
  

70-­‐100	
  mg/dL	
   0.4020	
   	
  	
  0.1301	
   0.1790	
   0.0798	
  

>100	
  mg/dL	
   0.0943	
   	
  	
  0.1548	
   0.1958	
   0.3732	
  

84-­‐95	
   <70	
  mg/dL	
   0.1915	
   	
  	
  0.0273	
   0.1672	
   0.0050	
  

70-­‐100	
  mg/dL	
   0.4020	
   	
  	
  0.1301	
   0.1790	
   0.0798	
  

>100	
  mg/dL	
   0.0943	
   	
  	
  0.1548	
   0.1958	
   0.3732	
  

Incoming,	
  
Age	
  35	
   <70	
  mg/dL	
   0.1019	
   	
  	
  0.0649	
   0.0000	
   0.1259	
  

70-­‐100	
  mg/dL	
   0.0978	
   	
  	
  0.0622	
   0.1224	
   0.3434	
  

>100	
  mg/dL	
   0.2394	
   	
  	
  0.4338	
   0.0356	
   0.3727	
  

Abbreviations:	
  CVD,	
  cardiovascular	
  disease;	
  LDL-­‐C,	
  Low-­‐density	
  lipoprotein	
  cholesterol;	
  NHANES,	
  National	
  Health	
  and	
  Nutrition	
  
Examination	
  Survey	
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  2.	
  Rates	
  of	
  Myocardial	
  Infarction	
  in	
  the	
  CVD	
  Policy	
  Model,	
  Conditional	
  on	
  Age,	
  Gender,	
  and	
  
Health	
  State.	
  

	
  

Health	
  State	
  

	
  

History	
  of	
  
Angina	
  

History	
  of	
  	
  
MI	
  

History	
  of	
  
Stroke	
  

MI	
  in	
  	
  
current	
  year	
  

Stroke	
  in	
  
current	
  
year	
  

Men	
  age	
  35-­‐44	
   0.0014	
   0.0091	
   0.0014	
   0.0307	
   0.0030	
  

Men	
  age	
  45-­‐54	
   0.0049	
   0.0143	
   0.0049	
   0.0485	
   0.0104	
  

Men	
  age	
  55-­‐64	
   0.0059	
   0.0127	
   0.0059	
   0.0430	
   0.0125	
  

Men	
  age	
  65-­‐74	
   0.0079	
   0.0152	
   0.0079	
   0.0516	
   0.0167	
  

Men	
  age	
  75-­‐84	
   0.0098	
   0.0187	
   0.0098	
   0.0635	
   0.0206	
  

Men	
  age	
  85-­‐94	
   0.0193	
   0.0364	
   0.0193	
   0.1234	
   0.0406	
  

	
   	
   	
  
	
  

	
   	
  Women	
  age	
  35-­‐44	
   0.0008	
   0.0058	
   0.0008	
   0.0196	
   0.0017	
  

Women	
  age	
  45-­‐54	
   0.0019	
   0.0078	
   0.0019	
   0.0265	
   0.0040	
  

Women	
  age	
  55-­‐64	
   0.0046	
   0.0122	
   0.0046	
   0.0413	
   0.0098	
  

Women	
  age	
  65-­‐74	
   0.0066	
   0.0138	
   0.0066	
   0.0469	
   0.0139	
  

Women	
  age	
  75-­‐84	
   0.0115	
   0.0198	
   0.0115	
   0.0673	
   0.0242	
  

Women	
  age	
  85-­‐94	
   0.0234	
   0.0322	
   0.0234	
   0.1093	
   0.0494	
  

Abbreviations:	
  CVD,	
  cardiovascular	
  disease;	
  MI,	
  myocardial	
  infarction.	
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  3.	
  Model	
  Validation.	
  Comparisons	
  of	
  selected	
  Cardiovascular	
  Disease	
  Policy	
  Model	
  simulation	
  outputs	
  for	
  2010	
  (model	
  
base	
  year)	
  with	
  national	
  targets	
  for	
  2010.	
  

Age	
  and	
  
sex	
  
category	
  

Total	
  myocardial	
  
infarctions	
   Total	
  strokes	
   CHD	
  deaths	
   Stroke	
  deaths	
   All-­‐cause	
  deaths	
  

Target	
  source:	
  
NHDS	
  

Target	
  source:	
  
NHDS	
  

Target	
  source:	
  
national	
  vital	
  
statistics	
  

Target	
  source:	
  
national	
  vital	
  
statistics	
  

Target	
  source:	
  
national	
  vital	
  
statistics	
  

Target	
   Model	
   Target	
   Model	
   Target	
   Model	
   Target	
   Model	
   Target	
   Model	
  

Males	
  
35-­‐44	
   13,979	
   13,839	
   16,535	
   16,553	
   4,783	
   4,862	
   1,027	
   1,031	
   43,345	
   43,335	
  
45-­‐54	
   56,129	
   55,811	
   43,493	
   43,710	
   19,489	
   19,594	
   3,298	
   3,301	
   111,981	
   111,933	
  
55-­‐64	
   77,992	
   77,395	
   67,863	
   68,497	
   38,032	
   38,065	
   6,159	
   6,133	
   190,845	
   190,629	
  
65-­‐74	
   75,804	
   75,689	
   79,450	
   79,239	
   45,700	
   46,096	
   9,350	
   9,265	
   231,327	
   231,231	
  
75-­‐84	
   62,982	
   63,063	
   76,205	
   76,436	
   64,610	
   65,097	
   16,215	
   16,240	
   312,778	
   312,873	
  
85-­‐94	
   37,568	
   37,483	
   38,943	
   39,247	
   64,071	
   63,958	
   15,318	
   14,742	
   264,705	
   263,235	
  
Females	
  
35-­‐44	
   6,259	
   6,144	
   6,390	
   6,387	
   1,710	
   1,822	
   873	
   875	
   26,538	
   26,619	
  
45-­‐54	
   17,071	
   17,035	
   36,952	
   37,083	
   6,858	
   6,969	
   2,609	
   2,764	
   71,145	
   71,352	
  
55-­‐64	
   40,246	
   40,403	
   42,966	
   43,222	
   15,122	
   15,265	
   4,622	
   4,605	
   122,502	
   122,546	
  
65-­‐74	
   43,843	
   43,898	
   69,473	
   69,659	
   24,964	
   25,137	
   8,504	
   8,308	
   178,530	
   178,342	
  
75-­‐84	
   60,097	
   60,043	
   93,040	
   93,434	
   53,247	
   53,600	
   21,492	
   21,541	
   313,803	
   313,894	
  
85-­‐94	
   57,661	
   57,403	
   77,481	
   77,883	
   99,680	
   98,988	
   35,416	
   36,233	
   448,864	
   447,244	
  
Deviation	
  
from	
  
target	
  

-­‐0.26%	
   0.39%	
   0.27%	
   0.12%	
   -­‐0.14%	
  

Abbreviations:	
  CHD,	
  coronary	
  heart	
  disease;	
  NHDS,	
  National	
  Hospital	
  Discharge	
  Survey.	
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  4.	
  Validation	
  of	
  the	
  CVD	
  Policy	
  Model	
  Against	
  Data	
  from	
  the	
  West	
  of	
  Scotland	
  Coronary	
  
Prevention	
  Study.	
  Comparing	
  the	
  cumulative	
  proportions	
  of	
  persons	
  with	
  a	
  first	
  major	
  coronary	
  
event	
  (nonfatal	
  MI	
  or	
  death	
  from	
  coronary	
  heart	
  disease)	
  in	
  WOSCOPS	
  with	
  estimates	
  from	
  the	
  CVD	
  
Policy	
  Model.	
  	
  

WOSCOPSa	
   CVD	
  Policy	
  Modelb	
  

Year	
  

Placebo	
  
(dietary	
  
counseling	
  
only)	
  

Intervention	
  
(40	
  mg	
  

pravastatin/day)	
  

Ratio	
   Placebo	
   Intervention	
   Ratio	
  

1	
   1.70%	
   1.20%	
   0.73	
   1.60%	
   1.10%	
   0.67	
  
2	
   3.20%	
   2.20%	
   0.68	
   3.30%	
   2.20%	
   0.67	
  
3	
   4.90%	
   3.30%	
   0.68	
   5.10%	
   3.40%	
   0.67	
  
4	
   6.50%	
   4.30%	
   0.67	
   7.00%	
   4.60%	
   0.66	
  
5	
   9.20%	
   6.40%	
   0.7	
   8.80%	
   5.90%	
   0.67	
  

Abbreviations:	
  CVD,	
  cardiovascular	
  disease;	
  MI,	
  myocardial	
  infarction;	
  WOSCOPS,	
  West	
  of	
  Scotland	
  Study.	
  
a	
  The	
  WOSCOPS	
  trial	
  randomized	
  45-­‐64	
  year	
  old	
  men	
  with	
  elevated	
  LDL	
  to	
  once	
  daily	
  treatment	
  with	
  40	
  mg	
  
pravastatin	
  (n=3302)	
  or	
  placebo	
  (n=3293);	
  results	
  presented	
  here	
  were	
  generated	
  with	
  Kaplan-­‐Meier	
  
survival	
  adjustment	
  for	
  censored	
  data.44	
  	
  
b	
  The	
  CVD	
  Policy	
  Model	
  was	
  used	
  to	
  simulate	
  the	
  WOSCOPS	
  trial	
  in	
  US	
  adults	
  age	
  45-­‐64	
  years	
  by	
  selecting	
  
qualifying	
  adults	
  according	
  to	
  WOSCOPS	
  cholesterol	
  eligibility	
  criteria	
  and	
  modeling	
  the	
  LDL-­‐C	
  and	
  HDL-­‐C	
  
changes	
  observed	
  for	
  the	
  treatment	
  and	
  placebo	
  groups	
  in	
  WOSCOPS.43
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  5.	
  PRISMA	
  information	
  for	
  Meta-­‐analysis	
  to	
  Estimate	
  Effect	
  of	
  PCSK9	
  Inhibitor	
  Therapy	
  on	
  
Relative	
  Risk	
  of	
  Major	
  Coronary	
  Events.	
  80	
  

#	
   Section/Topic	
   Information	
  
1	
   Title	
   This	
  work	
  is	
  identified	
  in	
  the	
  eAppendix	
  as	
  a	
  meta-­‐analysis	
  that	
  builds	
  

on	
  the	
  prior	
  publication	
  by	
  Navarese	
  and	
  colleagues,	
  Annals	
  2015.61	
  
2	
   Abstract	
   N/A	
  	
  
3	
   Rationale	
   The	
  meta-­‐analysis	
  by	
  Navarese	
  and	
  colleagues	
  examined	
  the	
  effect	
  of	
  

PCSK9	
  inhibitor	
  therapy	
  on	
  the	
  following	
  clinical	
  end-­‐points:	
  (1)	
  
myocardial	
  infarction,	
  (2)	
  angina,	
  and	
  (3)	
  cardiovascular	
  mortality.61	
  
We	
  sought	
  to	
  estimate	
  the	
  effect	
  of	
  the	
  PCSK9	
  inhibitors	
  alircocumab	
  
and	
  evolocumab	
  on	
  Major	
  Coronary	
  Events	
  (a	
  composite	
  of	
  fatal	
  and	
  
non-­‐fatal	
  myocardial	
  infarctions	
  and	
  deaths	
  from	
  coronary	
  heart	
  
disease),	
  which	
  is	
  the	
  relevant	
  input	
  parameter	
  for	
  the	
  CVD	
  Policy	
  
Model.	
  

4	
   Objectives	
   To	
  evaluate	
  the	
  effect	
  of	
  PCSK9	
  inhibitor	
  therapy	
  with	
  evolocumab	
  or	
  
alirocumab	
  compared	
  with	
  statin	
  therapy	
  or	
  ezetimibe	
  on	
  major	
  
coronary	
  events	
  among	
  adults	
  with	
  hypercholesterolemia.	
  

5	
   Protocol	
  and	
  
Registration	
  

Per	
  Navarese	
  and	
  colleagues.	
  61	
  	
  

6	
   Eligibility	
  Criteria	
   Phase	
  2	
  or	
  3	
  randomized	
  clinical	
  trials	
  comparing	
  evolocumab	
  or	
  
alirocumab	
  with	
  no	
  PCSK9	
  antibody	
  in	
  adults	
  with	
  
hypercholesterolemia,	
  in	
  which	
  at	
  least	
  one	
  major	
  coronary	
  event	
  was	
  
reported	
  in	
  either	
  the	
  treatment	
  or	
  control	
  arms.	
  	
  We	
  included	
  all	
  
doses	
  of	
  alirocumab,	
  evolocumab,	
  or	
  control	
  therapies	
  that	
  were	
  
studied	
  in	
  these	
  trials.	
  We	
  only	
  included	
  the	
  patients	
  for	
  whom	
  safety	
  
data	
  were	
  available	
  (since	
  cardiovascular	
  events	
  were	
  reported	
  as	
  
safety	
  events	
  in	
  these	
  studies).	
  	
  

7	
   Information	
  Sources	
   Key	
  sources:	
  MEDLINE,	
  Cochrane	
  Central	
  Registry	
  of	
  Controlled	
  
Trials,	
  Embase,	
  and	
  Google	
  Scholar.	
  See	
  Navarese,	
  et	
  al.	
  for	
  details.	
  61	
  	
  	
  

8	
   Search	
   Our	
  main	
  analysis	
  was	
  restricted	
  to	
  studies	
  included	
  by	
  Navarese	
  and	
  
colleagues.	
  For	
  the	
  sensitivity	
  analysis	
  described	
  below,	
  we	
  updated	
  
the	
  literature	
  search	
  using	
  MEDLINE,	
  Embase,	
  and	
  Google	
  Scholar,	
  
and	
  applying	
  the	
  same	
  search	
  terms	
  used	
  by	
  Navarese	
  and	
  colleagues.	
  

9	
   Study	
  Selection	
   Similar	
  to	
  Navarese	
  and	
  colleagues,	
  we	
  included	
  all	
  studies	
  that	
  
reported	
  at	
  least	
  one	
  major	
  coronary	
  event	
  in	
  either	
  the	
  treatment	
  
arm	
  or	
  the	
  control	
  arm	
  of	
  the	
  study.	
  	
  

10	
   Data	
  collection	
  process	
   Two	
  investigators	
  (DSK	
  and	
  PGC)	
  independently	
  abstracted	
  the	
  data.	
  
Discrepancies	
  were	
  resolved	
  by	
  consensus.	
  	
  

11	
   Data	
  items	
   1. Number	
  of	
  nonfatal	
  MIs,	
  fatal	
  MIs,	
  and	
  other	
  deaths
adjudicated	
  as	
  related	
  to	
  coronary	
  heart	
  disease	
  
(collectively	
  termed	
  Major	
  Coronary	
  Events)	
  in	
  the	
  
treatment	
  and	
  control	
  arms	
  

2. The	
  number	
  of	
  patients	
  included	
  in	
  the	
  safety	
  analysis	
  in	
  the

12	
   Risk	
  of	
  bias	
  in	
  
individual	
  studies	
  

13	
   Summary	
  measures	
  

14	
   Synthesis	
  of	
  Results	
  

treatment	
  and	
  control	
  arms.	
  	
  
Per	
  Navarese	
  and	
  colleagues,	
  using	
  methods	
  described	
  in	
  the	
  
Cochrane	
  Collaboration	
  guidelines.	
  61	
  
Relative	
  risk	
  for	
  Major	
  Coronary	
  Events	
  among	
  patients	
  receiving	
  
alirocumab	
  or	
  evolocumab	
  relative	
  to	
  patients	
  receiving	
  the	
  control	
  
treatment	
  (which	
  varied	
  by	
  study),	
  with	
  95%	
  confidence	
  intervals.	
  	
  
We	
  performed	
  a	
  fixed-­‐effects	
  meta-­‐analysis	
  using	
  the	
  Mantel-­‐Haenzel	
  
method,77	
  and	
  using	
  a	
  standard	
  continuity	
  correction	
  of	
  0.5	
  for	
  sparse	
  
events.78,79	
  Heterogeneity	
  was	
  evaluated	
  using	
  the	
  I2	
  statistic.	
  If	
  the	
  
heterogeneity	
  was	
  low	
  to	
  moderate	
  (I2<50%),	
  pooled	
  relative	
  risk	
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15	
   Risk	
  of	
  bias	
  across	
  
studies	
  

16	
   Additional	
  Analyses	
  

17	
   Study	
  selection	
  

was calculated	
  using	
  a	
  fixedo effects	
  model.	
  	
  	
  
Per	
  Navarese	
  and	
  colleagues,	
  using	
  methods	
  described	
  in	
  the	
  
Cochrane	
  Collaboration	
  guidelines.	
  Funnel	
  plots	
  were	
  used	
  by	
  
Navarese	
  and	
  colleagues	
  to	
  assess	
  publication	
  bias.	
  61	
  	
  
Immediately	
  prior	
  to	
  publication,	
  we	
  performed	
  an	
  updated	
  literature	
  
search	
  to	
  identify	
  additional	
  studies	
  relevant	
  to	
  our	
  meta-­‐analysis.	
  	
  
We	
  searched	
  MedLine,	
  EMBASE,	
  and	
  Google	
  Scholar	
  for	
  any	
  new	
  
randomized	
  clinical	
  trials	
  examining	
  the	
  effect	
  of	
  alirocumab	
  or	
  
evolocumab	
  on	
  major	
  coronary	
  events	
  that	
  were	
  published	
  after	
  the	
  
completion	
  of	
  the	
  Navarese	
  analysis.	
  We	
  evaluated	
  newly	
  reported	
  	
  
randomized	
  trials	
  as	
  well	
  as	
  any	
  additional	
  events	
  reported	
  by	
  the	
  
trials	
  already	
  included	
  in	
  the	
  meta-­‐analysis.	
  
In	
  the	
  main	
  analysis,	
  we	
  identified	
  nine	
  publications	
  that	
  reported	
  
RCT	
  results	
  with	
  at	
  least	
  one	
  major	
  coronary	
  event	
  in	
  either	
  arm.52-­‐60	
  
As	
  done	
  by	
  Navarese	
  and	
  colleagues,	
  the	
  OSLER	
  trial	
  was	
  excluded	
  
because	
  enrolled	
  patients	
  were	
  derived	
  from	
  previous	
  RCTs.76	
  Thus	
  
results	
  from	
  nine	
  publications	
  were	
  included	
  in	
  our	
  main-­‐analysis.	
  	
  

18	
   Study	
  Characteristics	
   The	
  nine	
  publications	
  taken	
  together	
  provided	
  safety	
  data	
  on	
  6607	
  
patients.	
  One	
  reported	
  a	
  phase	
  2	
  study	
  and	
  the	
  remainder	
  reported	
  
phase	
  3	
  randomized	
  clinical	
  trials.	
  Follow-­‐up	
  ranged	
  from	
  12	
  to	
  52	
  
weeks.	
  	
  

19	
   Risk	
  of	
  bias	
  within	
  
studies	
  

As	
  reported	
  by	
  Navarese	
  and	
  colleagues,	
  all	
  studies	
  were	
  randomized,	
  
double-­‐blinded,	
  with	
  adequate	
  allocation	
  concealment,	
  systematic	
  
adjudication	
  outcomes,	
  and	
  without	
  evidence	
  of	
  selective	
  outcome	
  
reporting.	
  61	
  	
  

20	
   Results	
  of	
  individual	
  
studies	
  

See	
  eFigure	
  2.	
  Full	
  publications	
  of	
  three	
  studies	
  (Odyssey	
  Combo	
  II,56	
  
Odyssey	
  FH-­‐I	
  and	
  FH-­‐II,57	
  Odyssey	
  OPTIONS-­‐I59	
  and	
  OPTIONS-­‐II60)	
  
were	
  available	
  that	
  had	
  not	
  been	
  released	
  at	
  the	
  time	
  of	
  the	
  Navarese	
  
meta-­‐analysis.	
  This	
  resulted	
  in	
  the	
  identification	
  of	
  additional	
  events,	
  
particularly	
  in	
  Odyssey	
  COMBO-­‐II,56	
  where	
  15	
  MIs	
  were	
  not	
  included	
  
in	
  the	
  Navarese	
  analysis:	
  12	
  in	
  the	
  PCSK9	
  inhibitor	
  arm,	
  3	
  in	
  the	
  
control	
  arm.	
  	
  

21	
   Synthesis	
  of	
  results	
   We	
  estimated	
  a	
  relative	
  risk	
  of	
  0.689	
  (95%	
  CI:	
  0.448-­‐1.060).	
  See	
  
eFigure	
  2.	
  

22	
   Risk	
  of	
  bias	
  across	
  
studies	
  

Funnel	
  plots	
  published	
  by	
  Navarese	
  and	
  collegues	
  showed	
  no	
  
evidence	
  of	
  publication	
  bias.	
  Egger	
  bias	
  analysis	
  for	
  individual	
  
endpoints	
  showed	
  p-­‐values	
  >0.05	
  for	
  all	
  relevant	
  endpoints	
  studied	
  
by	
  Navarese	
  and	
  colleagues.61	
  

23	
   Additional	
  analysis	
   In	
  the	
  updated	
  literature	
  search,	
  we	
  found	
  one	
  randomized	
  trial	
  that	
  
examined	
  the	
  effect	
  of	
  alirocumab	
  or	
  evolocumab	
  on	
  cardiovascular	
  
outcomes	
  (as	
  with	
  the	
  other	
  studies,	
  it	
  included	
  CV	
  outcomes	
  in	
  safety	
  
rather	
  than	
  effectiveness	
  analyses).	
  GAUSS-­‐3	
  reported	
  1	
  myocardial	
  
infarction	
  each	
  in	
  the	
  treatment	
  and	
  control	
  arms.81	
  Of	
  note,	
  other	
  
randomized	
  trials	
  of	
  alirocumab	
  or	
  evolocumab	
  published	
  in	
  the	
  
interim	
  reported	
  no	
  major	
  coronary	
  events	
  in	
  either	
  arm	
  and	
  were	
  
therefore	
  excluded	
  from	
  the	
  analysis.82-­‐84	
  One	
  study	
  that	
  was	
  
previously	
  included	
  in	
  the	
  analysis	
  (ODYSSEY	
  FH-­‐I	
  and	
  FH-­‐II)	
  
provided	
  information	
  about	
  3	
  additional	
  non-­‐fatal	
  MIs	
  (two	
  in	
  the	
  
control	
  arm	
  and	
  one	
  in	
  the	
  treatment	
  arm).56	
  After	
  adjusting	
  for	
  the	
  
observed	
  LDL-­‐C	
  reduction,	
  the	
  inclusion	
  of	
  the	
  additional	
  events	
  did	
  
not	
  materially	
  alter	
  our	
  estimate	
  (relative	
  risk	
  for	
  major	
  coronary	
  
events	
  per	
  mmol/L	
  reduction	
  in	
  LDL-­‐C	
  changed	
  from	
  from	
  0.778	
  
[95%	
  CI:	
  0.583-­‐1.040]	
  to	
  0.774	
  [CI:0.596	
  –	
  1.006]),	
  and	
  thus	
  did	
  not	
  
alter	
  our	
  results	
  or	
  conclusions.	
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24	
   Summary	
  of	
  evidence	
   We	
  present	
  our	
  summary	
  estimate	
  for	
  the	
  effect	
  of	
  PCSK9	
  inhibitors	
  
on	
  major	
  coronary	
  events	
  as	
  well	
  as	
  place	
  this	
  in	
  the	
  context	
  of	
  the	
  
risk	
  reduction	
  observed	
  in	
  trials	
  with	
  statins	
  and	
  ezetimibe.	
  	
  

25	
   Limitations	
   Included	
  trials	
  were	
  of	
  limited	
  duration,	
  and	
  coronary	
  events	
  are	
  rare.	
  
Strokes	
  are	
  even	
  less	
  frequently	
  observed,	
  so	
  we	
  did	
  not	
  attempt	
  to	
  
perform	
  a	
  meta-­‐analysis	
  for	
  that	
  outcome.	
  Definitive	
  trials	
  powered	
  to	
  
study	
  cardiovascular	
  outcomes	
  are	
  currently	
  ongoing.	
  	
  

26	
   Conclusions	
   This	
  meta-­‐analysis,	
  performed	
  as	
  a	
  part	
  of	
  a	
  larger	
  cost-­‐effectiveness	
  
analysis,	
  generated	
  the	
  relevant	
  input	
  parameter	
  for	
  the	
  CVD	
  Policy	
  
Model.	
  This	
  was	
  not	
  used	
  in	
  the	
  base	
  case	
  (which	
  modeled	
  the	
  LDL	
  
hypothesis),	
  but	
  was	
  tested	
  in	
  a	
  scenario	
  analysis	
  (eTable	
  13).	
  The	
  
confidence	
  intervals	
  generated	
  by	
  this	
  meta-­‐analysis,	
  which	
  are	
  
necessarily	
  wide	
  given	
  the	
  relatively	
  few	
  events	
  in	
  the	
  trials	
  thus	
  far,	
  
were	
  incorporated	
  into	
  our	
  Monte	
  Carlo	
  simulations.	
  	
  

27	
   Sources	
  of	
  funding	
  and	
  
role	
  of	
  funders	
  

Sources	
  of	
  funding	
  and	
  role	
  of	
  funders	
  are	
  clearly	
  stated	
  in	
  the	
  
acknowledgements	
  section	
  of	
  the	
  manuscript.	
  	
  

Abbreviations:	
  CI,	
  confidence	
  interval;	
  LDL-­‐C,	
  Low	
  density	
  lipoprotein	
  cholesterol;	
  MI,	
  myocardial	
  infarction;	
  
PCSK9,	
  proprotein	
  convertase	
  subtilisin/kexin	
  type	
  9;	
  PRISMA,	
  Preferred	
  Reporting	
  Items	
  for	
  Systematic	
  
Reviews	
  and	
  Meta-­‐Analyses.	
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eTable	
  6.	
  Reduction	
  in	
  risk	
  of	
  a	
  major	
  CHD	
  event	
  among	
  patients	
  receiving	
  a	
  high-­‐intensity	
  
statin,	
  ezetimibe,	
  or	
  a	
  PCSK9	
  inhibitor.	
  

Drug	
   Data	
  Source	
  
Risk	
  of	
  major	
  CHD	
  
event,	
  per	
  mmol/L	
  
reduction	
  in	
  LDL-­‐C	
  

95%	
  Confidence	
  
Interval	
  

	
  
Statin	
  

CTT	
  2015a	
   0.76	
   (0.73	
  –	
  0.79)	
  

Ezetimibe	
   IMPROVE-­‐ITb	
   0.75	
   (0.61	
  –	
  0.94)	
  

PCSK9	
  Inhibitor	
   Updated	
  meta-­‐analysisc	
   0.78	
   (0.58	
  –	
  1.04)	
  

Abbreviations:	
  CHD,	
  coronary	
  heart	
  disease;	
  CTT,	
  Cholesterol	
  Treatment	
  Trialists;	
  IMPROVE-­‐IT,	
  The	
  
Improved	
  Reduction	
  of	
  Outcomes:	
  Vytorin	
  Efficacy	
  International	
  Trial;51	
  LDL-­‐C,	
  low-­‐density	
  lipoprotein	
  
cholesterol;	
  PCSK9,	
  proprotein	
  convertase	
  subtilisin/kexin	
  type	
  9.	
  
a	
  Based	
  on	
  hazard	
  ratios	
  reported	
  in	
  Lancet	
  2015;	
  385:	
  1397-­‐405.50	
  
b	
  Mean	
  reduction	
  in	
  LDL-­‐C	
  in	
  the	
  IMPROVE-­‐IT	
  trial51	
  was	
  12.8	
  mg/dL	
  (0.33mmol/L)	
  with	
  imputation	
  for	
  
missing	
  data	
  similar	
  to	
  the	
  method	
  used	
  by	
  the	
  Cholesterol	
  Treatment	
  Trialists	
  for	
  statin	
  analyses.	
  	
  
c	
  Based	
  on	
  primary	
  data	
  from	
  nine	
  PCSK9	
  inhibitor	
  trials	
  that	
  reported	
  cardiovascular	
  outcomes	
  in	
  sufficient	
  
detail:	
  DESCARTES,	
  LAPLACE-­‐TIMI57,	
  ODYSSEY-­‐ALTERNATIVE,	
  ODYSSEY-­‐COMBOI,	
  ODYSSEY-­‐COMBOII,	
  
ODYSSEY	
  FHI	
  and	
  FHII,	
  ODYSSEY-­‐LONGTERM,	
  ODYSSEY-­‐OPTIONSI,	
  ODSSEY-­‐OPTIONSII.52-­‐60	
  A	
  fixed-­‐effect	
  
meta-­‐analysis	
  was	
  performed	
  using	
  additional	
  clinical	
  details	
  regarding	
  cardiovascular	
  events	
  that	
  were	
  not	
  
available	
  to	
  the	
  investigators	
  of	
  the	
  Annals	
  meta-­‐analysis	
  (based	
  on	
  papers	
  that	
  have	
  been	
  published	
  since).	
  
The	
  risk	
  ratio	
  estimated	
  from	
  the	
  meta-­‐analysis	
  (0.689	
  [0.448-­‐1.060])	
  was	
  then	
  adjusted	
  for	
  the	
  mean	
  LDL-­‐C	
  
reduction	
  observed	
  in	
  the	
  included	
  clinical	
  trials	
  (57.50	
  mg/dL	
  or	
  1.49	
  mmol/L)	
  to	
  estimate	
  risk	
  reduction	
  per	
  
mmol/L	
  lowering	
  in	
  LDL-­‐C.	
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eTable	
  7.	
  Pre-­‐Specified	
  One-­‐Way	
  Sensitivity	
  Analyses	
  

One-­‐Way	
  Sensitivity	
  Analyses	
   Base-­‐Case	
  Value	
   Range	
  

LDL-­‐C	
  lowering	
  by	
  ezetimibe	
  and	
  PCSK9	
  
inhibitors	
  	
   see	
  Table	
  1	
   see	
  Table	
  1	
  

Relative	
  risk	
  of	
  stroke	
  among	
  patients	
  receiving	
  
PCSK9	
  inhibitors,	
  per	
  1	
  mmol/L	
  reduction	
  in	
  
LDL-­‐C	
  

0.85	
   0.85-­‐1.00	
  

Prevalence	
  of	
  statin-­‐intolerance	
  in	
  the	
  FH	
  and	
  
atherosclerotic	
  CVD	
  populations	
   10%	
   3-­‐20%	
  

Annual	
  drug	
  cost	
  for	
  PCSK9	
  inhibitors,	
  per	
  
patient	
  per	
  year	
   $14,350	
   $7,175-­‐$28,700	
  

Analytic	
  horizon	
   lifetime	
   20	
  years-­‐lifetime	
  

Discount	
  factor	
   3%	
   0-­‐5%	
  

Abbreviations:	
  	
  CVD,	
  cardiovascular	
  disease;	
  FH,	
  familial	
  hypercholesterolemia;	
  ICER,	
  incremental	
  cost-­‐effectiveness	
  ratio;	
  
LDL-­‐C,	
  low-­‐density	
  lipoprotein	
  cholesterol;	
  PCSK9,	
  proprotein	
  convertase	
  subtilisin/kexin	
  type	
  9.	
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  8.	
  Additional	
  Input	
  Parameters	
  for	
  Sensitivity	
  Analyses	
  

Parameter	
  
Point-­‐Estimate	
  
for	
  Sensitivity	
  
Analysis	
  

Range	
  for	
  
Sensitivity	
  
Analyses	
   Source	
  

Probabilities	
  

Mild	
  neurocognitive	
  deficits	
  among	
  patients	
  
receiving	
  PCSK9	
  inhibitor	
  therapy	
   0.05	
   -­‐	
   Robinson,	
  et	
  al,	
  2015;58	
  

Sabatine,	
  et	
  al,	
  201576	
  

Annual	
  Costs,	
  US	
  dollars	
  
High-­‐intensity	
  statin	
  therapy	
   $814.00a	
   -­‐	
   Red	
  Book,	
  201585	
  
Statin-­‐related	
  adverse	
  events	
   $96.17b	
   -­‐	
   Pletcher,	
  et	
  al,	
  200986	
  

Utility	
  Weights	
  

Estimated	
  from	
  Medical	
  Expenditure	
  Panel	
  
Survey	
   Sullivan,	
  et	
  al,	
  200687	
  

	
  	
  	
  	
  	
  History	
  of	
  Angina	
   0.7680	
   -­‐	
  
	
  	
  	
  	
  	
  History	
  of	
  Myocardial	
  Infarction	
   0.7780	
   -­‐	
  
	
  	
  	
  	
  	
  History	
  of	
  Stoke	
   0.7680	
   -­‐	
  
	
  	
  	
  	
  	
  History	
  of	
  Myocardial	
  Infarction	
  and	
  Stroke	
   0.7270	
   -­‐	
  
Annual	
  disutility	
  related	
  to	
  taking	
  one	
  additional	
  
pill	
   0.0010	
   0.0004-­‐0.0038	
   Fontana,	
  et	
  al,	
  2014;88	
  

Pletcher,	
  et	
  al,	
  201489	
  
Annual	
  disutility	
  related	
  to	
  taking	
  a	
  
subcutaneous	
  injection	
  once	
  a	
  month	
   0.0040	
   0.0008-­‐0.0080	
   Matza,	
  et	
  al,	
  201390	
  

Statin-­‐related	
  adverse	
  events	
   0.000034	
   -­‐	
   Pletcher,	
  et	
  al,	
  200986	
  

Neurocognitive	
  deficits	
  related	
  to	
  PCSK9	
  
inhibitor	
  therapyc	
   0.1586	
   0.0000-­‐0.2700	
   Moran,	
  et	
  al,	
  2014;	
  91,92	
  	
  

Murray,	
  et	
  al,	
  201293	
  

Abbreviations:	
  	
  CVD,	
  cardiovascular	
  disease;	
  FH,	
  familial	
  hypercholesterolemia;	
  ICER,	
  incremental	
  cost-­‐effectiveness	
  ratio;	
  
LDL-­‐C,	
  low-­‐density	
  lipoprotein	
  cholesterol;	
  PCSK9,	
  proprotein	
  convertase	
  subtilisin/kexin	
  type	
  9.	
  	
  
a	
  Wholesale	
  acquisition	
  price	
  of	
  generic	
  atorvastatin	
  =	
  $180.21	
  per	
  year;	
  wholesale	
  acquisition	
  price	
  of	
  branded	
  Lipitor	
  =	
  
$3351.43;	
  market	
  share	
  for	
  branded	
  Lipitor	
  was	
  assumed	
  to	
  be	
  20%.	
  
b	
  Includes	
  a	
  probability-­‐weighted	
  cost	
  of	
  statin-­‐induced	
  myopathy	
  and	
  hepatitis	
  related	
  to	
  high-­‐intensity	
  statin	
  therapy.	
  	
  
c	
  This	
  scenario	
  analysis	
  assumed	
  that	
  0.5%	
  of	
  patients	
  receiving	
  PCSK9	
  inhibitor	
  therapy	
  experience	
  mild	
  neurocognitive	
  
deficits	
  that	
  produce	
  disutility	
  equivalent	
  to	
  a	
  mild	
  stroke.	
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  9.	
  Model	
  Validation.	
  Comparison	
  of	
  Predicted	
  MACE	
  Rates	
  Among	
  the	
  Atherosclerotic	
  Cardiovascular	
  
Disease	
  Population	
  with	
  Observed	
  MACE	
  Rates	
  in	
  Statin	
  Trialsa	
  

MACE	
  rates	
  predicted	
  by	
  the	
  CVD	
  Policy	
  
Model	
  among	
  individuals	
  with	
  a	
  history	
  of	
  
atherosclerotic	
  CVD,	
  on	
  statin	
  therapy	
  or	
  
intolerant,	
  requiring	
  additional	
  lipid-­‐

lowering	
  therapyb	
  	
  

MACE	
  rates	
  observed	
  in	
  the	
  treatment	
  
arm	
  of	
  trials	
  included	
  in	
  the	
  Cholesterol	
  
Treatment	
  Trialists	
  meta-­‐analysisc	
  

(number	
  of	
  individuals	
  =	
  7,271,000)	
   (number	
  of	
  individuals	
  =	
  169,138)	
  

MACE	
  rates,	
  per	
  100	
  patient-­‐years	
  
Nonfatal	
  MI	
   0.99	
   0.9-­‐1.3	
  
Nonfatal	
  MI	
  +	
  CHD	
  
death	
   1.87	
   1.3-­‐1.9	
  

Stroked	
   1.15	
   0.6-­‐0.7	
  
Cardiovascular	
  deathe	
   1.02	
   1.0	
  

© 2016 American Medical Association. All rights reserved.

Abbreviations: CHD, coronary heart disease; CVD, cardiovascular disease; MI, myocardial infarction. 
a This includes patients in the statin arm of the statin v. placebo trials and the high-intensity statin arm of the high- v. 
moderate-intensity statin therapy trials included in the Cholesterol Treatment Trialists Meta-analysis.50  
b Predicted MACE rates refers to the event rates observed in the CVD Policy Model in the first five years of the analysis. 
c Lancet 2015;385:1397-405.53  
d Includes all strokes - fatal and nonfatal ischemic and hemorrhagic strokes.  
e Includes deaths from CHD and stroke.
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  10.	
  Additional	
  Clinical	
  and	
  Economic	
  Outcomesa	
  

	
  	
  

	
  	
  
Number	
  of	
  MACE	
  Averted	
   	
  	
  

	
  Incremental	
  
Life-­‐Years	
  

Incremental	
  
Health	
  Care	
  
Cost	
  
(Discounted,	
  $	
  
millions)b	
  	
  CV	
  death	
   nonfatal	
  

MI	
  
nonfatal	
  
stroke	
   	
  	
  

Current	
  U.S.	
  Population	
  with	
  Familial	
  Hypercholesterolemiac	
  	
  

	
  	
   Current	
  statin	
  used	
   comparator	
   	
  	
   	
  	
   	
  	
   	
  	
  

	
  	
  

Incremental	
  treatment	
  
with	
  ezetimibee	
   84,600	
   79,200	
   50,600	
   	
  	
   968,200	
   72,074	
  

	
  	
  

Incremental	
  treatment	
  
with	
  a	
  PCSK9	
  inhibitore	
   124,800	
   111,100	
   80,400	
   	
  	
   1,296,900	
   316,321	
  

Current	
  U.S.	
  Population	
  with	
  Atherosclerotic	
  CV	
  Disease	
  for	
  Whom	
  Additional	
  Lipid-­‐Lowering	
  Therapy	
  is	
  
Indicatedf	
  

	
  	
   Current	
  statin	
  use	
   comparator	
   	
  	
   	
  	
   	
  	
   	
  	
  

	
  	
  

Incremental	
  treatment	
  
with	
  ezetimibee	
   1,321,600	
   869,200	
   536,100	
   	
  	
   13,068,900	
   808,888	
  

	
  	
  

Incremental	
  treatment	
  
with	
  a	
  PCSK9	
  inhibitore	
   2,085,300	
   1,291,800	
   904,100	
   	
  	
   19,812,300	
   3,281,876	
  

Abbreviations:	
  CV,	
  cardiovascular;	
  MACE,	
  major	
  adverse	
  cardiovascular	
  event	
  (nonfatal	
  MI,	
  non-­‐fatal	
  stroke,	
  and	
  
cardiovascular	
  death);	
  MI,	
  myocardial	
  infarction;	
  PCSK9,	
  proprotein	
  convertase	
  subtilisin/kexin	
  type	
  9.	
  	
  
a	
  The	
  model	
  assumed	
  the	
  health	
  system	
  perspective	
  and	
  a	
  lifetime	
  analytic	
  horizon,	
  and	
  discounted	
  future	
  costs	
  at	
  3%	
  a	
  
year.	
  Life-­‐years	
  reported	
  here	
  are	
  undiscounted.	
  To	
  reflect	
  the	
  precision	
  of	
  the	
  model,	
  MACE	
  and	
  life-­‐years	
  are	
  rounded	
  
to	
  the	
  100s	
  and	
  costs	
  are	
  rounded	
  to	
  the	
  millions.	
  	
  
b	
  This	
  includes	
  all	
  health	
  care	
  costs	
  in	
  2015	
  U.S.	
  dollars.	
  	
  
c	
  This	
  analysis	
  included	
  patients	
  who	
  met	
  the	
  operational	
  definition	
  of	
  FH	
  and	
  were	
  either	
  already	
  receiving	
  statin	
  
therapy	
  or	
  deemed	
  statin-­‐intolerant	
  (n=1,065,000	
  in	
  2015).	
  	
  
d	
  The	
  statin	
  +	
  ezetimibe	
  arm	
  is	
  compared	
  with	
  the	
  current	
  statin	
  use	
  arm,	
  whereas	
  the	
  statin	
  +	
  PCSK9	
  inhibitor	
  arm	
  is	
  
compared	
  with	
  the	
  statin	
  +	
  ezetimibe	
  arm	
  (the	
  next	
  best	
  alternative).	
  
e	
  Both	
  statin+ezetimibe	
  and	
  statin+PCSK9	
  inhibitor	
  arms	
  are	
  compared	
  with	
  the	
  statin	
  (as	
  treated)	
  arm.	
  
f	
  This	
  analysis	
  included	
  patients	
  with	
  a	
  history	
  of	
  atherosclerotic	
  CV	
  disease	
  and	
  low-­‐density	
  lipoprotein-­‐cholesterol	
  ≥	
  
70mg/dL	
  (on	
  statin	
  therapy	
  if	
  tolerated	
  or	
  off	
  statin	
  therapy	
  among	
  patients	
  who	
  were	
  deemed	
  statin-­‐intolerant;	
  n	
  =	
  
8,531,000	
  in	
  2015).	
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  11.	
  Threshold	
  Analyses.	
  Annual	
  drug	
  cost	
  and	
  percentage	
  discount	
  of	
  current	
  wholesale	
  acquisition	
  cost	
  at	
  which	
  PCSK9	
  
inhibitors	
  would	
  be	
  cost-­‐effective	
  in	
  high-­‐risk	
  subpopulations	
  under	
  varying	
  willingness-­‐to-­‐pay	
  thresholds.a,b	
  

	
  Patient	
  Subpopulation	
  
	
  	
   Willingness-­‐to-­‐Pay	
  Threshold	
  
	
  	
   $50,000/QALY	
   $100,000/QALY	
   $150,000/QALY	
  

	
  	
   	
  	
   	
  	
   	
  	
   	
  	
  

Current	
  U.S.	
  population	
  with	
  FHc	
   	
  	
   2,392	
  (83%)	
   4,372	
  (70%)	
   6,353	
  (56%)	
  

Current	
  U.S.	
  population	
  with	
  atherosclerotic	
  
CVD	
  for	
  whom	
  additional	
  lipid-­‐lowering	
  
therapy	
  is	
  indicatedd	
  

	
  	
   2,264	
  (84%)	
   4,584	
  (68%)	
   6,904	
  (52%)	
  

Current	
  U.S.	
  population	
  with	
  FH	
  or	
  
atherosclerotic	
  CVD	
  for	
  whom	
  additional	
  lipid-­‐
lowering	
  therapy	
  is	
  indicatedd	
  

	
   2,261	
  (84%)	
   4,536	
  (68%)	
   6,810	
  (53%)	
  

	
  	
   	
  	
   	
  	
   	
  	
   	
  	
  
Abbreviations:	
  CVD,	
  cardiovascular	
  disease;	
  FH,	
  familial	
  hypercholesterolemia;	
  PCSK9,	
  proprotein	
  convertase	
  subtilisin/kexin	
  type	
  9;	
  
QALY,	
  quality-­‐adjusted	
  life	
  year.	
  
a	
  The	
  model	
  assumed	
  the	
  health	
  system	
  perspective	
  and	
  a	
  lifetime	
  analytic	
  horizon,	
  and	
  discounted	
  future	
  costs	
  and	
  QALYs	
  at	
  3%	
  a	
  
year.	
  To	
  reflect	
  the	
  precision	
  of	
  the	
  model,	
  threshold	
  drug	
  costs	
  are	
  rounded	
  to	
  the	
  100s.	
  Values	
  in	
  parenthesis	
  indicate	
  the	
  
percentage	
  discount	
  from	
  current	
  wholesale	
  acquisition	
  cost	
  that	
  would	
  be	
  required	
  to	
  make	
  PCSK9	
  inhibitor	
  therapy	
  cost-­‐effective	
  
at	
  that	
  willingness-­‐to-­‐pay	
  threshold.	
  Since	
  the	
  base-­‐case	
  incremental	
  cost-­‐effectiveness	
  ratios	
  of	
  ezetimibe	
  exceed	
  $150,000	
  per	
  
QALY	
  in	
  each	
  of	
  the	
  above	
  scenarios,	
  ezetimibe	
  is	
  eliminated	
  by	
  extended	
  dominance	
  and	
  PCSK9	
  inhibitor	
  therapy	
  is	
  compared	
  with	
  
status	
  quo	
  statin	
  therapy.	
  	
  
b	
  All	
  costs	
  are	
  reported	
  in	
  2015	
  U.S.	
  dollars.	
  	
  
c	
  Patients	
  who	
  met	
  the	
  operational	
  definition	
  of	
  FH	
  and	
  were	
  either	
  already	
  receiving	
  statin	
  therapy	
  or	
  deemed	
  statin-­‐intolerant	
  
(10%	
  of	
  the	
  population)	
  received	
  incremental	
  therapy	
  with	
  a	
  PCSK9	
  inhibitor	
  (n	
  =	
  1,065,000	
  in	
  2015).	
  	
  
d	
  Patients	
  with	
  pre-­‐existing	
  CVD	
  and	
  LDL-­‐C	
  ≥	
  70mg/dL	
  on	
  statin	
  therapy	
  or	
  off	
  statin	
  therapy	
  if	
  deemed	
  statin-­‐intolerant	
  received	
  
incremental	
  therapy	
  with	
  a	
  PCSK9	
  inhibitor	
  (n	
  =	
  8,531,000	
  in	
  2015).	
  	
  
e	
  In	
  this	
  scenario	
  analysis,	
  patients	
  who	
  had	
  an	
  incident	
  (first-­‐ever)	
  MI	
  in	
  2015	
  and	
  were	
  either	
  receiving	
  statin	
  therapy	
  or	
  deemed	
  
statin-­‐intolerant	
  received	
  incremental	
  therapy	
  with	
  a	
  PCSK9	
  inhibitor	
  (n	
  =169,000).	
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eTable	
  12.	
  Additional	
  Modeling	
  Results:	
  Combined	
  Analysis	
  of	
  Patients	
  with	
  Familial	
  Hypercholesterolemia	
  or	
  Atherosclerotic	
  CV	
  Diseasea	
  	
  

A. Cost-­‐Effectiveness	
  over	
  the	
  Life-­‐Time	
  Analytic	
  Horizon	
  

	
  	
  

Treatment	
  Strategy	
  

Person-­‐
Years	
  of	
  
Treatment	
  
(millions)	
  

Total	
  
MACE	
  

Avertedb	
  
NNT5c	
   QALYs	
  

Gained	
  

Incremental	
  
Drug	
  Costd	
  
(millions,	
  $)	
  

Incremental	
  
Cost	
  of	
  	
  
CV	
  Cared	
  

(millions,	
  $)	
  

Incremental	
  
Cost	
  of	
  	
  

non-­‐CV	
  Cared	
  	
  
(millions,	
  $)	
  

Incremental	
  Cost-­‐
Effectiveness	
  Ratio	
  

($/QALY)e	
  

	
  
Current	
  statin	
  usef	
   Comparator	
  

	
  

Incremental	
  
treatment	
  with	
  
ezetimibeg	
  

523.9	
   2,881,900	
   54	
   5,579,600	
   864,280	
   -­‐110,747	
   112,624	
  	
   155,000	
  

	
  

Incremental	
  
treatment	
  with	
  a	
  
PCSK9	
  inhibitorg	
  

538.2	
   4,523,400	
   37	
   8,374,100	
   3,537,073	
   -­‐168,793	
   171,133	
   423,000h	
  

	
  
B. Effect	
  of	
  PCSK9	
  Inhibitors	
  on	
  Total	
  U.S.	
  Healthcare	
  Spending	
  over	
  5	
  Years.	
  

	
  

Treatment	
  Strategy	
  

Person-­‐
Years	
  of	
  
Treatment	
  
(millions)	
  

	
   	
   	
  

Incremental	
  
Drug	
  Cost	
  
(millions,	
  

$)d	
  

Incremental	
  
Cost	
  of	
  	
  
CV	
  Care	
  	
  

(millions,	
  $)d	
  

Incremental	
  
Costs	
  of	
  	
  

Non-­‐CV	
  Care	
  
(millions,	
  $)d	
  

Net	
  Health	
  Care	
  
Cost	
  (millions,	
  $)d	
  

	
  
Current	
  statin	
  usef	
   Comparator	
  

	
  

Incremental	
  
treatment	
  with	
  
ezetimibeg	
  

51.4	
   	
   	
   	
   147,820	
   -­‐19,853	
   1,207	
   129,174	
  

	
  

Incremental	
  
treatment	
  with	
  a	
  
PCSK9	
  inhibitorg	
  

51.5	
   	
   	
   	
   591,882	
   -­‐28,884	
   1,738	
   564,736	
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Abbreviations:	
  CV,	
  cardiovascular;	
  MACE,	
  major	
  adverse	
  cardiovascular	
  event	
  (nonfatal	
  MI,	
  non-­‐fatal	
  stroke,	
  and	
  cardiovascular	
  death);	
  NNT,	
  number-­‐needed-­‐
to-­‐treat;	
  PCSK9,	
  proprotein	
  convertase	
  subtilisin/kexin	
  type	
  9;	
  QALY,	
  quality-­‐adjusted	
  life	
  year;	
  UI,	
  uncertainty	
  interval.	
  
a	
  This	
  analysis	
  included	
  patients	
  who	
  met	
  the	
  operational	
  definition	
  of	
  FH	
  and	
  were	
  either	
  already	
  receiving	
  statin	
  therapy	
  or	
  deemed	
  statin-­‐intolerant	
  
(n=1,065,000	
  in	
  2015)	
  as	
  well	
  as	
  patients	
  with	
  a	
  history	
  of	
  atherosclerotic	
  CV	
  disease	
  and	
  low-­‐density	
  lipoprotein-­‐cholesterol	
  ≥	
  70mg/dL	
  (1.81	
  mmol/L;	
  on	
  
statin	
  therapy	
  if	
  tolerated	
  or	
  off	
  statin	
  therapy	
  among	
  patients	
  who	
  were	
  deemed	
  statin-­‐intolerant;	
  n	
  =	
  8,531,000	
  in	
  2015).	
  The	
  model	
  assumed	
  the	
  health	
  
system	
  perspective	
  and	
  discounted	
  future	
  costs	
  and	
  QALYs	
  at	
  3%	
  a	
  year.	
  To	
  reflect	
  the	
  precision	
  of	
  the	
  model,	
  person-­‐years	
  of	
  treatment	
  are	
  rounded	
  to	
  the	
  
nearest	
  100,000s;	
  MACE	
  and	
  QALYs	
  are	
  rounded	
  to	
  the	
  100s;	
  costs	
  are	
  rounded	
  to	
  the	
  millions;	
  and	
  incremental	
  cost-­‐effectiveness	
  ratios	
  to	
  the	
  1000s.	
  Note	
  
that	
  these	
  results	
  mirror	
  the	
  results	
  presented	
  in	
  Tables	
  2	
  and	
  3	
  of	
  the	
  manuscript,	
  presenting	
  a	
  life-­‐time	
  analytic	
  horizon	
  for	
  estimating	
  incremental	
  cost-­‐
effectiveness	
  and	
  a	
  5-­‐year	
  horizon	
  to	
  estimate	
  effect	
  on	
  total	
  U.S.	
  healthcare	
  spending.	
  	
  
b	
  MACE	
  was	
  defined	
  as	
  a	
  composite	
  of	
  non-­‐fatal	
  MI,	
  non-­‐fatal	
  stroke,	
  and	
  death	
  from	
  cardiovascular	
  causes.	
  
c	
  Number	
  of	
  patients	
  that	
  would	
  need	
  to	
  be	
  treated	
  for	
  5	
  years	
  to	
  avert	
  one	
  MACE	
  event.	
  
d	
  All	
  costs	
  are	
  reported	
  in	
  2015	
  U.S.	
  dollars.	
  	
  
e	
  The	
  incremental	
  cost-­‐effectiveness	
  ratio	
  is	
  estimated	
  as	
  the	
  incremental	
  cost	
  in	
  2015	
  US	
  dollars	
  divided	
  by	
  the	
  incremental	
  quality-­‐adjusted	
  life	
  years	
  of	
  the	
  
intervention	
  relative	
  to	
  the	
  comparator.	
  	
  
f	
  The	
  comparator	
  was	
  statin	
  therapy	
  (as	
  treated)	
  among	
  patients	
  who	
  were	
  statin-­‐tolerant,	
  and	
  no	
  lipid-­‐lowering	
  therapy	
  among	
  patients	
  who	
  were	
  statin-­‐
intolerant.	
  	
  
g	
  The	
  statin	
  +	
  ezetimibe	
  arm	
  is	
  compared	
  with	
  the	
  current	
  statin	
  use	
  arm,	
  whereas	
  the	
  statin	
  +	
  PCSK9	
  inhibitor	
  arm	
  is	
  compared	
  with	
  the	
  statin	
  +	
  ezetimibe	
  
arm	
  (the	
  next	
  best	
  alternative).	
  	
  
h	
  This	
  compares	
  the	
  addition	
  of	
  PCSK9	
  inhibitor	
  therapy	
  to	
  statin	
  therapy	
  with	
  addition	
  of	
  ezetimibe	
  to	
  statin	
  therapy.	
  For	
  reference	
  purposes,	
  the	
  incremental	
  
cost-­‐effectiveness	
  of	
  PCSK9	
  inhibitor	
  +	
  statin	
  relative	
  to	
  status	
  quo	
  was	
  $316,000/QALY.	
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eTable	
  13.	
  Scenario	
  Analysis:	
  Modeling	
  Effect	
  Sizes	
  Observed	
  in	
  Clinical	
  Trials	
  (rather	
  than	
  the	
  LDL	
  Hypothesis).a	
  	
  

	
  	
  

Treatment	
  Strategy	
  

Person-­‐
Years	
  of	
  
Treatment	
  
(millions)	
  

Total	
  
MACE	
  

Avertedb	
  
NNT5c	
   QALYs	
  

Gained	
  

Incremental	
  
Drug	
  Costd	
  
(millions,	
  $)	
  

Incremental	
  
Cost	
  of	
  CV	
  
Cared	
  

(millions,	
  $)	
  

Incremental	
  
Cost	
  of	
  non-­‐
CV	
  Cared	
  	
  

(millions,	
  $)	
  

Incremental	
  
Cost-­‐

Effectiveness	
  
Ratio	
  

($/QALY)e	
  

Current	
  U.S.	
  Population	
  with	
  Familial	
  Hypercholesterolemia	
  for	
  whom	
  Additional	
  Lipid-­‐Lowering	
  Therapy	
  is	
  Indicatedf	
  

	
  	
   Current	
  statin	
  useg	
   comparator	
   	
  	
   	
  	
   	
  	
   	
  	
   	
  	
   	
  	
  

	
  	
  

Incremental	
  
treatment	
  with	
  
ezetimibeh	
  

43.1	
   224,100	
   69	
   495,600	
   76,869	
   -­‐12,864	
   7,971	
   145,000	
  

	
  	
  

Incremental	
  
treatment	
  with	
  a	
  
PCSK9	
  inhibitorh	
  

45.3	
   265,000	
   69	
   530,000	
   320,845	
   -­‐14,336	
   8,649	
   595,000	
  

Current	
  U.S.	
  Population	
  with	
  Atherosclerotic	
  CV	
  Disease	
  for	
  whom	
  Additional	
  Lipid-­‐Lowering	
  Therapy	
  is	
  Indicatedi	
   	
  	
  

	
  	
   Current	
  statin	
  use	
   comparator	
   	
  	
   	
  	
   	
  	
   	
  	
   	
  	
   	
  	
  

	
  	
  

Incremental	
  
treatment	
  with	
  
ezetimibeh	
  

489.0	
   2,852,600	
   49	
   5,493,500	
   802,703	
   -­‐105,776	
   112,707	
   147,000	
  

	
  	
  

Incremental	
  
treatment	
  with	
  a	
  
PCSK9	
  inhibitorh	
  

499.0	
   3,568,500	
   42	
   6,618,400	
   3,262,204	
   -­‐129,386	
   137,111	
   494,000	
  

Current	
  U.S.	
  Population	
  for	
  whom	
  Additional	
  Lipid-­‐Lowering	
  Therapy	
  is	
  Indicated	
  (Combined	
  Analysis	
  of	
  Patients	
  with	
  Familial	
  
Hypercholesterolemia	
  or	
  Atherosclerotic	
  CV	
  Disease)	
  

	
  
Current	
  statin	
  use	
   comparator	
  

	
  

Incremental	
  
treatment	
  with	
  
ezetimibeh	
  

524.3	
   3,014,700	
   52	
   5,831,900	
   864,841	
   -­‐115,785	
   117,746	
   149,000	
  

	
  

Incremental	
  
treatment	
  with	
  a	
  
PCSK9	
  inhibitorh	
  

536.3	
   3,770,900	
   44	
   7,000,900	
   3,524,301	
   -­‐140,968	
   142,977	
   504,000	
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Abbreviations:	
  CV,	
  cardiovascular;	
  LDL-­‐C,	
  low-­‐density	
  lipoprotein	
  cholesterol;	
  MACE,	
  major	
  adverse	
  cardiovascular	
  event	
  (nonfatal	
  MI,	
  non-­‐fatal	
  
stroke,	
  and	
  cardiovascular	
  death);	
  NNT,	
  number-­‐needed-­‐to-­‐treat;	
  PCSK9,	
  proprotein	
  convertase	
  subtilisin/kexin	
  type	
  9;	
  QALY,	
  quality-­‐adjusted	
  life	
  
year.	
  	
  
a	
  In	
  contrast	
  to	
  the	
  LDL	
  hypothesis	
  that	
  was	
  modeled	
  in	
  the	
  base	
  case,	
  this	
  sensitivity	
  analysis	
  models	
  drug-­‐specific	
  betas:	
  from	
  the	
  cholesterol	
  
treatment	
  trialists’	
  meta-­‐analysis	
  (for	
  statin	
  therapy),	
  Improved	
  Reduction	
  of	
  Outcomes:	
  Vytorin	
  Efficacy	
  International	
  Trial	
  (IMPROVE-­‐IT,	
  for	
  
ezetimibe),51	
  and	
  a	
  meta-­‐analysis	
  of	
  published	
  PCSK9	
  inhibitor	
  trials	
  (see	
  eFigure	
  2	
  for	
  details).	
  52-­‐60	
  As	
  in	
  the	
  base	
  case,	
  this	
  sensitivity	
  analysis	
  
assumed	
  the	
  health	
  system	
  perspective	
  and	
  a	
  lifetime	
  analytic	
  horizon,	
  and	
  discounted	
  future	
  costs	
  and	
  QALYs	
  at	
  3%	
  a	
  year.	
  To	
  reflect	
  the	
  precision	
  of	
  
the	
  model,	
  person-­‐years	
  of	
  treatment	
  are	
  rounded	
  to	
  the	
  nearest	
  100,000s;	
  MACE	
  and	
  QALYs	
  are	
  rounded	
  to	
  the	
  100s;	
  costs	
  are	
  rounded	
  to	
  the	
  
millions;	
  and	
  incremental	
  cost-­‐effectiveness	
  ratios	
  to	
  the	
  1000s.	
  	
  
b	
  MACE	
  was	
  defined	
  as	
  a	
  composite	
  of	
  non-­‐fatal	
  MI,	
  non-­‐fatal	
  stroke,	
  and	
  death	
  from	
  cardiovascular	
  causes.	
  
c	
  Number	
  of	
  patients	
  that	
  would	
  need	
  to	
  be	
  treated	
  for	
  5	
  years	
  to	
  avert	
  one	
  MACE	
  event.	
  
d	
  All	
  costs	
  are	
  reported	
  in	
  2015	
  U.S.	
  dollars.	
  	
  
e	
  The	
  incremental	
  cost-­‐effectiveness	
  ratio	
  (ICER)	
  is	
  defined	
  as	
  the	
  increased	
  cost	
  incurred	
  in	
  a	
  given	
  strategy	
  per	
  quality-­‐adjusted	
  life	
  year	
  gained	
  
relative	
  to	
  the	
  comparator.	
  	
  
f	
  This	
  analysis	
  included	
  patients	
  who	
  met	
  the	
  operational	
  definition	
  of	
  FH	
  and	
  were	
  either	
  already	
  receiving	
  statin	
  therapy	
  or	
  deemed	
  statin-­‐intolerant	
  
(n=1,065,000	
  in	
  2015).	
  	
  
g	
  The	
  comparator	
  was	
  statin	
  therapy	
  (as	
  treated)	
  among	
  patients	
  who	
  were	
  statin-­‐tolerant,	
  and	
  no	
  lipid-­‐lowering	
  therapy	
  among	
  patients	
  who	
  were	
  
statin-­‐intolerant.	
  	
  
h	
  The	
  statin	
  +	
  ezetimibe	
  arm	
  is	
  compared	
  with	
  the	
  current	
  statin	
  use	
  arm,	
  whereas	
  the	
  statin	
  +	
  PCSK9	
  inhibitor	
  arm	
  is	
  compared	
  with	
  the	
  statin	
  +	
  
ezetimibe	
  arm	
  (the	
  next	
  best	
  alternative).	
  
i	
  	
  This	
  analysis	
  included	
  patients	
  with	
  a	
  history	
  of	
  atherosclerotic	
  CV	
  disease	
  and	
  low-­‐density	
  lipoprotein-­‐cholesterol	
  ≥	
  70mg/dL	
  (1.81	
  mmol/L;	
  on	
  
statin	
  therapy	
  if	
  tolerated	
  or	
  off	
  statin	
  therapy	
  among	
  patients	
  who	
  were	
  deemed	
  statin-­‐intolerant;	
  n	
  =	
  850,000	
  in	
  2015).	
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eTable	
  14.	
  Scenario	
  Analysis:	
  Modeling	
  Quality-­‐of-­‐Life	
  Estimates	
  Derived	
  from	
  the	
  Medical	
  Expenditure	
  Panel	
  Survey.a	
  

	
  	
  

Treatment	
  Strategy	
  

Person-­‐
Years	
  of	
  
Treatment	
  
(millions)	
  

Total	
  
MACE	
  

Avertedb	
  
NNT5c	
   QALYs	
  

Gained	
  

Incremental	
  
Drug	
  Costd	
  
(millions,	
  $)	
  

Incremental	
  
Cost	
  of	
  CV	
  
Cared	
  

(millions,	
  $)	
  

Incremental	
  
Cost	
  of	
  non-­‐
CV	
  Cared	
  	
  

(millions,	
  $)	
  

Incremental	
  
Cost-­‐

Effectiveness	
  
Ratio	
  

($/QALY)e	
  

Current	
  U.S.	
  Population	
  with	
  Familial	
  Hypercholesterolemia	
  for	
  whom	
  Additional	
  Lipid-­‐Lowering	
  Therapy	
  is	
  Indicatedf	
  

	
  	
   Current	
  statin	
  useg	
   comparator	
   	
  	
   	
  	
   	
  	
   	
  	
   	
  	
   	
  	
  

	
  	
  

Incremental	
  
treatment	
  with	
  
ezetimibeh	
  

43.0	
   214,400	
   72	
   573,300	
   76,758	
   -­‐12,323	
   7,640	
   126,000	
  

	
  	
  

Incremental	
  
treatment	
  with	
  a	
  
PCSK9	
  inhibitorh	
  

45.6	
   316,300	
   59	
   765,100	
   323,096	
   -­‐17,043	
   10,268	
   413,000	
  

Current	
  U.S.	
  Population	
  with	
  Atherosclerotic	
  CV	
  Disease	
  for	
  whom	
  Additional	
  Lipid-­‐Lowering	
  Therapy	
  is	
  Indicatedi	
   	
  	
  

	
  	
   Current	
  statin	
  use	
   comparator	
   	
  	
   	
  	
   	
  	
   	
  	
   	
  	
   	
  	
  

	
  	
  

Incremental	
  
treatment	
  with	
  
ezetimibeh	
  

489.0	
   2,727,000	
   51	
   4,414,000	
   802,253	
   -­‐101,166	
   107,801	
   183,000	
  

	
  	
  

Incremental	
  
treatment	
  with	
  a	
  
PCSK9	
  inhibitorh	
  

500.6	
   4,281,200	
   35	
   6,646,800	
   3,272,730	
   -­‐155,000	
   164,144	
   494,000	
  

Current	
  U.S.	
  Population	
  for	
  whom	
  Additional	
  Lipid-­‐Lowering	
  Therapy	
  is	
  Indicated	
  (Combined	
  Analysis	
  of	
  Patients	
  with	
  Familial	
  
Hypercholesterolemia	
  or	
  Atherosclerotic	
  CV	
  Disease)	
  

	
  
Current	
  statin	
  use	
   comparator	
  

	
  

Incremental	
  
treatment	
  with	
  
ezetimibeh	
  

523.9	
   2,881,900	
   54	
   4,859,900	
   864,280	
   -­‐110,747	
   112,624	
  	
   178,000	
  

	
  

Incremental	
  
treatment	
  with	
  a	
  
PCSK9	
  inhibitorh	
  

538.2	
   4,523,400	
   37	
   7,265,700	
   3,537,073	
   -­‐168,793	
   171,133	
   487,000	
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Abbreviations:	
  CV,	
  cardiovascular;	
  MACE,	
  major	
  adverse	
  cardiovascular	
  event	
  (nonfatal	
  MI,	
  non-­‐fatal	
  stroke,	
  and	
  cardiovascular	
  death);	
  NNT,	
  number-­‐
needed-­‐to-­‐treat;	
  PCSK9,	
  proprotein	
  convertase	
  subtilisin/kexin	
  type	
  9;	
  QALY,	
  quality-­‐adjusted	
  life	
  year.	
  	
  
a	
  This	
  analysis	
  modeled	
  quality-­‐of-­‐life	
  estimates	
  derived	
  from	
  the	
  Medical	
  Expenditure	
  Panel	
  Survey	
  (2000-­‐2002)	
  by	
  Sullivan,	
  et	
  al.	
  Med	
  Decis	
  Making	
  
2006;	
  26:410-­‐420.87	
  See	
  eTable	
  8	
  for	
  details.	
  The	
  model	
  assumed	
  the	
  health	
  system	
  perspective	
  and	
  a	
  lifetime	
  analytic	
  horizon,	
  and	
  discounted	
  future	
  
costs	
  and	
  QALYs	
  at	
  3%	
  a	
  year.	
  To	
  reflect	
  the	
  precision	
  of	
  the	
  model,	
  person-­‐years	
  of	
  treatment	
  are	
  rounded	
  to	
  the	
  nearest	
  100,000s;	
  MACE	
  and	
  QALYs	
  
are	
  rounded	
  to	
  the	
  100s;	
  costs	
  are	
  rounded	
  to	
  the	
  millions;	
  and	
  incremental	
  cost-­‐effectiveness	
  ratios	
  to	
  the	
  1000s.	
  	
  
b	
  MACE	
  was	
  defined	
  as	
  a	
  composite	
  of	
  non-­‐fatal	
  MI,	
  non-­‐fatal	
  stroke,	
  and	
  death	
  from	
  cardiovascular	
  causes.	
  
c	
  Number	
  of	
  patients	
  that	
  would	
  need	
  to	
  be	
  treated	
  for	
  5	
  years	
  to	
  avert	
  one	
  MACE	
  event.	
  
d	
  All	
  costs	
  are	
  reported	
  in	
  2015	
  U.S.	
  dollars.	
  	
  
e	
  The	
  incremental	
  cost-­‐effectiveness	
  ratio	
  (ICER)	
  is	
  defined	
  as	
  the	
  increased	
  cost	
  incurred	
  in	
  a	
  given	
  strategy	
  per	
  quality-­‐adjusted	
  life	
  year	
  gained	
  
relative	
  to	
  the	
  comparator.	
  
f	
  This	
  analysis	
  included	
  patients	
  who	
  met	
  the	
  operational	
  definition	
  of	
  FH	
  and	
  were	
  either	
  already	
  receiving	
  statin	
  therapy	
  or	
  deemed	
  statin-­‐intolerant	
  
(n=1,065,000	
  in	
  2015).	
  	
  
g	
  The	
  comparator	
  was	
  statin	
  therapy	
  (as	
  treated)	
  among	
  patients	
  who	
  were	
  statin-­‐tolerant,	
  and	
  no	
  lipid-­‐lowering	
  therapy	
  among	
  patients	
  who	
  were	
  
statin-­‐intolerant.	
  	
  
h	
  The	
  statin	
  +	
  ezetimibe	
  arm	
  is	
  compared	
  with	
  the	
  current	
  statin	
  use	
  arm,	
  whereas	
  the	
  statin	
  +	
  PCSK9	
  inhibitor	
  arm	
  is	
  compared	
  with	
  the	
  statin	
  +	
  
ezetimibe	
  arm	
  (the	
  next	
  best	
  alternative).	
  
i	
  This	
  analysis	
  included	
  patients	
  with	
  a	
  history	
  of	
  atherosclerotic	
  CV	
  disease	
  and	
  low-­‐density	
  lipoprotein-­‐cholesterol	
  ≥	
  70mg/dL	
  (1.81	
  mmol/L;	
  on	
  statin	
  
therapy	
  if	
  tolerated	
  or	
  off	
  statin	
  therapy	
  among	
  patients	
  who	
  were	
  deemed	
  statin-­‐intolerant;	
  n	
  =	
  8,531,000	
  in	
  2015).	
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eTable	
  15.	
  Scenario	
  Analysis:	
  Modeling	
  the	
  Effect	
  of	
  Stopping	
  PCSK9	
  inhibitor	
  Therapy	
  at	
  Age	
  75	
  Years.a	
  	
  

	
  	
  

Treatment	
  Strategy	
  

Person-­‐
Years	
  of	
  
Treatmen

t	
  
(millions)	
  

Total	
  
MACE	
  

Avertedb	
   	
  
QALYs	
  
Gained	
  

Incrementa
l	
  Drug	
  Costd	
  
(millions,	
  

$)	
  

Incremental	
  
Cost	
  of	
  CV	
  
Cared	
  

(millions,	
  $)	
  

Incremental	
  
Cost	
  of	
  non-­‐
CV	
  Cared	
  

(millions,	
  $)	
  

Incremental	
  
Cost-­‐

Effectivenes
s	
  Ratio	
  

($/QALY)e	
  

Current	
  U.S.	
  Population	
  with	
  Familial	
  Hypercholesterolemia	
  for	
  whom	
  Additional	
  Lipid-­‐Lowering	
  Therapy	
  is	
  Indicatedf	
  

	
  	
   Current	
  statin	
  useg	
   comparator	
   	
  	
   	
  	
   	
  	
   	
  	
   	
  	
   	
  	
  

	
  	
  

Incremental	
  
treatment	
  with	
  
ezetimibeh	
  

31.7	
   109,900	
   	
   349,100	
   62,781	
   -­‐9,319	
   4,692	
   167,000	
  

	
  	
  

Incremental	
  
treatment	
  with	
  a	
  
PCSK9	
  inhibitorh	
  

32.7	
   142,600	
   	
   431,700	
   258,241	
   -­‐12,105	
   5,712	
   583,000	
  

Current	
  U.S.	
  Population	
  with	
  Atherosclerotic	
  CV	
  Disease	
  for	
  whom	
  Additional	
  Lipid-­‐Lowering	
  Therapy	
  is	
  Indicatedi	
   	
  	
  

	
  	
   Current	
  statin	
  use	
   comparator	
   	
  	
   	
  	
   	
  	
   	
  	
   	
  	
   	
  	
  

	
  	
  

Incremental	
  
treatment	
  with	
  
ezetimibeh	
  

259.4	
   777,300	
   	
   2,512,900	
   499,019	
   -­‐56,964	
   37,411	
   191,000	
  

	
  	
  

Incremental	
  
treatment	
  with	
  a	
  
PCSK9	
  inhibitorh	
  

261.8	
   1,158,400	
   	
   3,652,300	
   2,009,272	
   -­‐84,245	
   54,382	
   542,000	
  

Current	
  U.S.	
  Population	
  for	
  whom	
  Additional	
  Lipid-­‐Lowering	
  Therapy	
  is	
  Indicated	
  (Combined	
  Analysis	
  of	
  Patients	
  
with	
  Familial	
  Hypercholesterolemia	
  or	
  Atherosclerotic	
  CV	
  Disease)	
   	
  

	
  
Current	
  statin	
  use	
   comparato

r	
   	
   	
   	
   	
   	
   	
   	
  

	
  

Incremental	
  
treatment	
  with	
  
ezetimibeh	
  

284.7	
   851,500	
   	
   2,744,600	
   549,160	
   -­‐63,981	
   40,246	
   191,000	
  

	
  

Incremental	
  
treatment	
  with	
  a	
  
PCSK9	
  inhibitorh	
  

288.0	
   1,259,500	
   	
   3,955,100	
   2,217,103	
   -­‐93,707	
   58,099	
   552,000	
  

© 2016 American Medical Association. All rights reserved.

Downloaded From:  by a UCSF LIBRARY User  on 02/22/2018



  
	
  

Page | A36 

Abbreviations:	
  CV,	
  cardiovascular;	
  MACE,	
  major	
  adverse	
  cardiovascular	
  event	
  (nonfatal	
  MI,	
  non-­‐fatal	
  stroke,	
  and	
  cardiovascular	
  death);	
  NNT,	
  
number-­‐needed-­‐to-­‐treat;	
  PCSK9,	
  proprotein	
  convertase	
  subtilisin/kexin	
  type	
  9;	
  QALY,	
  quality-­‐adjusted	
  life	
  year.	
  	
  
a	
  In	
  the	
  absence	
  of	
  effectiveness	
  or	
  safety	
  data	
  in	
  the	
  elderly,	
  it	
  is	
  conceivable	
  that	
  patients	
  and	
  providers	
  may	
  be	
  reluctant	
  to	
  use	
  the	
  drug	
  in	
  
patients	
  older	
  than	
  75	
  years.	
  This	
  analysis	
  models	
  that	
  therapy	
  is	
  stopped	
  at	
  age	
  75	
  years,	
  although	
  all	
  patients	
  are	
  followed	
  until	
  death	
  or	
  surviving	
  
to	
  75	
  years	
  of	
  age.	
  The	
  model	
  assumed	
  the	
  health	
  system	
  perspective	
  and	
  a	
  lifetime	
  analytic	
  horizon,	
  and	
  discounted	
  future	
  costs	
  and	
  QALYs	
  at	
  3%	
  a	
  
year.	
  To	
  reflect	
  the	
  precision	
  of	
  the	
  model,	
  person-­‐years	
  of	
  treatment	
  are	
  rounded	
  to	
  the	
  nearest	
  100,000s;	
  MACE	
  and	
  QALYs	
  are	
  rounded	
  to	
  the	
  
100s;	
  costs	
  are	
  rounded	
  to	
  the	
  millions;	
  and	
  incremental	
  cost-­‐effectiveness	
  ratios	
  to	
  the	
  1000s.	
  Additional	
  modeling	
  details	
  are	
  available	
  in	
  the	
  
eAppendix.	
  	
  
b	
  MACE	
  was	
  defined	
  as	
  a	
  composite	
  of	
  non-­‐fatal	
  MI,	
  non-­‐fatal	
  stroke,	
  and	
  death	
  from	
  cardiovascular	
  causes.	
  
c	
  Number	
  of	
  patients	
  that	
  would	
  need	
  to	
  be	
  treated	
  for	
  5	
  years	
  to	
  avert	
  one	
  MACE	
  event.	
  
d	
  All	
  costs	
  are	
  reported	
  in	
  2015	
  U.S.	
  dollars.	
  	
  
e	
  The	
  incremental	
  cost-­‐effectiveness	
  ratio	
  (ICER)	
  is	
  defined	
  as	
  the	
  increased	
  cost	
  incurred	
  in	
  a	
  given	
  strategy	
  per	
  quality-­‐adjusted	
  life	
  year	
  gained	
  
relative	
  to	
  the	
  comparator.	
  
f	
  This	
  analysis	
  included	
  patients	
  who	
  met	
  the	
  operational	
  definition	
  of	
  FH	
  and	
  were	
  either	
  already	
  receiving	
  statin	
  therapy	
  or	
  deemed	
  statin-­‐
intolerant	
  (n=1,065,000	
  in	
  2015).	
  	
  
g	
  The	
  comparator	
  was	
  statin	
  therapy	
  (as	
  treated)	
  among	
  patients	
  who	
  were	
  statin-­‐tolerant,	
  and	
  no	
  lipid-­‐lowering	
  therapy	
  among	
  patients	
  who	
  were	
  
statin-­‐intolerant.	
  	
  
h	
  The	
  statin	
  +	
  ezetimibe	
  arm	
  is	
  compared	
  with	
  the	
  current	
  statin	
  use	
  arm,	
  whereas	
  the	
  statin	
  +	
  PCSK9	
  inhibitor	
  arm	
  is	
  compared	
  with	
  the	
  statin	
  +	
  
ezetimibe	
  arm	
  (the	
  next	
  best	
  alternative).	
  
i	
  	
  This	
  analysis	
  included	
  patients	
  with	
  a	
  history	
  of	
  atherosclerotic	
  CV	
  disease	
  and	
  low-­‐density	
  lipoprotein-­‐cholesterol	
  ≥	
  70mg/dL	
  (1.81	
  mmol/L;	
  on	
  
statin	
  therapy	
  if	
  tolerated	
  or	
  off	
  statin	
  therapy	
  among	
  patients	
  who	
  were	
  deemed	
  statin-­‐intolerant;	
  n	
  =	
  8,531,000	
  in	
  2015).	
  	
  

 

 

 

 

  

© 2016 American Medical Association. All rights reserved.

Downloaded From:  by a UCSF LIBRARY User  on 02/22/2018



  

 

Page | A45 

eTable 16. Two-Way Sensitivity Analysis on Pill Disutility vs Injection Disutility.a 

Treatment Strategy Costs (millions)b QALYs gained 

Incremental Cost-

Effectiveness Ratio 

($/QALY)c 

95% uncertainty 

interval 

Current U.S. Population with Familial Hypercholesterolemia for whom Additional Lipid-Lowering Therapy is 

Indicatedd 

Current statin usee comparator 

Incremental 

treatment with 

ezetimibef 
72,074 450,000 160,000 155,000-165,00 

Incremental 

treatment with a 

PCSK9 inhibitorf 
316,321 553,300 572,000 517,000 – 604,000 

Current U.S. Population with Atherosclerotic CV Disease for whom Additional Lipid-Lowering Therapy is 

Indicatedg 

Current statin usee 
comparator 

Incremental 

treatment with 

ezetimibef 
808,888 5,054,400 160,000 156,000 – 163,000 

Incremental 

treatment with a 

PCSK9 inhibitorf 
3,281,876 7,304,200 449,000 422,000 – 464,000 

Abbreviations: CV, cardiovascular; PCSK9, proprotein convertase subtilisin/kexin type 9; QALY, quality-adjusted life year.  
a
 The base case assumed that there was no disutility with taking a pill or receiving a subcutaneous injection.  This probabilistic 

analysis assumed a small disutility associated with taking a daily pill for the ezetimibe arm (0.0010, range: 0.0004-0.0038) and a 

slightly larger disutility with taking a monthly subcutaneous injection for PCSK9 inhibitor therapy (0.0040, range: 0.0008-

0.0080). As with the base case, this analysis assumed the health system perspective and a lifetime analytic horizon, and 

discounted future costs and QALYs at 3% a year. To reflect the precision of the model, QALYs are rounded to the 100s; costs are 

rounded to the millions; and incremental cost-effectiveness ratios to the 1000s.  
b
 All costs are reported in 2015 U.S. dollars.  

c
 The incremental cost-effectiveness ratio (ICER) is defined as the increased cost incurred in a given strategy per quality-

adjusted life year gained relative to the comparator. 
d
 This analysis included patients who met the operational definition of FH and were either already receiving statin therapy or 

deemed statin-intolerant (n=1,065,000 in 2015).  
e
 The comparator was statin therapy (as treated) among patients who were statin-tolerant, and no lipid-lowering therapy 

among patients who were statin-intolerant.  
f
 The statin + ezetimibe arm is compared with the current statin use arm, whereas the statin + PCSK9 inhibitor arm is compared 

with the statin + ezetimibe arm (the next best alternative). 
g 

This analysis included patients with a history of atherosclerotic CV disease and low-density lipoprotein-cholesterol ≥ 70mg/dL 

(1.81 mmol/L; on statin therapy if tolerated or off statin therapy among patients who were deemed statin-intolerant; n = 

8,531,000 in 2015). 
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eTable	
  17.	
  Scenario	
  Analysis:	
  Modeling	
  Mild	
  Neurocognitive	
  Deficit	
  as	
  an	
  Adverse	
  Event.a	
  	
  

	
  	
  

Treatment	
  Strategy	
  

Person-­‐
Years	
  of	
  
Treatmen

t	
  
(millions)	
  

Total	
  MACE	
  
Avertedb	
   	
  

QALYs	
  
Gained	
  

Incrementa
l	
  Drug	
  Costd	
  
(millions,	
  

$)	
  

Incremental	
  
Cost	
  of	
  CV	
  
Cared	
  

(millions,	
  $)	
  

Incremental	
  
Cost	
  of	
  non-­‐
CV	
  Cared	
  

(millions,	
  $)	
  

Incremental	
  
Cost-­‐

Effectivenes
s	
  Ratio	
  

($/QALY)e	
  

Current	
  U.S.	
  Population	
  with	
  Familial	
  Hypercholesterolemia	
  for	
  whom	
  Additional	
  Lipid-­‐Lowering	
  Therapy	
  is	
  Indicatedf	
  

	
  	
   Current	
  statin	
  useg	
   comparator	
   	
  	
   	
  	
   	
  	
   	
  	
   	
  	
   	
  	
  

	
  	
  

Incremental	
  
treatment	
  with	
  
ezetimibeh	
  

43.0	
   214,400	
   	
   475,100	
   76,758	
   -­‐12,323	
   7,640	
   152,000	
  

	
  	
  

Incremental	
  
treatment	
  with	
  a	
  
PCSK9	
  inhibitorh	
  

45.6	
   316,300	
   	
   608,900	
   323,096	
   -­‐17,043	
   10,268	
   520,000	
  

Current	
  U.S.	
  Population	
  with	
  Atherosclerotic	
  CV	
  Disease	
  for	
  whom	
  Additional	
  Lipid-­‐Lowering	
  Therapy	
  is	
  Indicatedi	
   	
  	
  

	
  	
   Current	
  statin	
  use	
   comparator	
   	
  	
   	
  	
   	
  	
   	
  	
   	
  	
   	
  	
  

	
  	
  

Incremental	
  
treatment	
  with	
  
ezetimibeh	
  

489.0	
   2,727,000	
   	
   5,255,500	
   802,253	
   -­‐101,166	
   107,801	
   154,000	
  

	
  	
  

Incremental	
  
treatment	
  with	
  a	
  
PCSK9	
  inhibitorh	
  

500.6	
   4,281,200	
   	
   7,756,900	
   3,272,730	
   -­‐155,000	
   164,144	
   423,000	
  

Current	
  U.S.	
  Population	
  for	
  whom	
  Additional	
  Lipid-­‐Lowering	
  Therapy	
  is	
  Indicated	
  (Combined	
  Analysis	
  of	
  Patients	
  
with	
  Familial	
  Hypercholesterolemia	
  or	
  Atherosclerotic	
  CV	
  Disease)	
   	
  

	
  
Current	
  statin	
  use	
   comparato

r	
   	
   	
   	
   	
   	
   	
   	
  

	
  

Incremental	
  
treatment	
  with	
  
ezetimibeh	
  

523.9	
   2,881,900	
   	
   5,579,600	
   864,280	
   -­‐110,747	
   112,624	
   155,000	
  

	
  

Incremental	
  
treatment	
  with	
  a	
  
PCSK9	
  inhibitorh	
  

538.2	
   4,523,400	
   	
   8,195,600	
   3,537,073	
   -­‐168,793	
   171,133	
   431,900	
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Abbreviations:	
  CV,	
  cardiovascular;	
  MACE,	
  major	
  adverse	
  cardiovascular	
  event	
  (nonfatal	
  MI,	
  non-­‐fatal	
  stroke,	
  and	
  cardiovascular	
  death);	
  NNT,	
  
number-­‐needed-­‐to-­‐treat;	
  PCSK9,	
  proprotein	
  convertase	
  subtilisin/kexin	
  type	
  9;	
  QALY,	
  quality-­‐adjusted	
  life	
  year.	
  	
  
a	
  In	
  short-­‐term	
  trials	
  of	
  PCSK9	
  inhibitors,	
  0.5%	
  of	
  patients	
  develop	
  neurocognitive	
  deficit.	
  This	
  adverse	
  event	
  was	
  not	
  associated	
  with	
  LDL-­‐C	
  levels	
  
and	
  has	
  not	
  been	
  consistently	
  observed	
  in	
  larger	
  trials.	
  This	
  scenario	
  analysis	
  assumed	
  that	
  0.5%	
  of	
  patients	
  receiving	
  PCSK9	
  inhibitor	
  therapy	
  
develop	
  mild	
  neurocognitive	
  dysfunction.	
  These	
  patients	
  are	
  assigned	
  a	
  disutility	
  of	
  0.1586	
  (equivalent	
  to	
  the	
  disutility	
  of	
  a	
  mild	
  stroke	
  as	
  estimated	
  
by	
  the	
  Global	
  Burden	
  of	
  Disease	
  Study	
  investigators).	
  See	
  eAppendix	
  for	
  details.	
  	
  As	
  with	
  the	
  base	
  case,	
  this	
  analysis	
  assumed	
  the	
  health	
  system	
  
perspective	
  and	
  a	
  lifetime	
  analytic	
  horizon,	
  and	
  discounted	
  future	
  costs	
  and	
  QALYs	
  at	
  3%	
  a	
  year.	
  To	
  reflect	
  the	
  precision	
  of	
  the	
  model,	
  person-­‐years	
  
of	
  treatment	
  are	
  rounded	
  to	
  the	
  nearest	
  100,000s;	
  MACE	
  and	
  QALYs	
  are	
  rounded	
  to	
  the	
  100s;	
  costs	
  are	
  rounded	
  to	
  the	
  millions;	
  and	
  incremental	
  
cost-­‐effectiveness	
  ratios	
  to	
  the	
  1000s.	
  	
  
b	
  MACE	
  was	
  defined	
  as	
  a	
  composite	
  of	
  non-­‐fatal	
  MI,	
  non-­‐fatal	
  stroke,	
  and	
  death	
  from	
  cardiovascular	
  causes.	
  
c	
  Number	
  of	
  patients	
  that	
  would	
  need	
  to	
  be	
  treated	
  for	
  5	
  years	
  to	
  avert	
  one	
  MACE	
  event.	
  
d	
  All	
  costs	
  are	
  reported	
  in	
  2015	
  U.S.	
  dollars.	
  	
  
e	
  The	
  incremental	
  cost-­‐effectiveness	
  ratio	
  (ICER)	
  is	
  defined	
  as	
  the	
  increased	
  cost	
  incurred	
  in	
  a	
  given	
  strategy	
  per	
  quality-­‐adjusted	
  life	
  year	
  gained	
  
relative	
  to	
  the	
  comparator.	
  
f	
  This	
  analysis	
  included	
  patients	
  who	
  met	
  the	
  operational	
  definition	
  of	
  FH	
  and	
  were	
  either	
  already	
  receiving	
  statin	
  therapy	
  or	
  deemed	
  statin-­‐
intolerant	
  (n=1,065,000	
  in	
  2015).	
  	
  
g	
  The	
  comparator	
  was	
  statin	
  therapy	
  (as	
  treated)	
  among	
  patients	
  who	
  were	
  statin-­‐tolerant,	
  and	
  no	
  lipid-­‐lowering	
  therapy	
  among	
  patients	
  who	
  were	
  
statin-­‐intolerant.	
  	
  
h	
  The	
  statin	
  +	
  ezetimibe	
  arm	
  is	
  compared	
  with	
  the	
  current	
  statin	
  use	
  arm,	
  whereas	
  the	
  statin	
  +	
  PCSK9	
  inhibitor	
  arm	
  is	
  compared	
  with	
  the	
  statin	
  +	
  
ezetimibe	
  arm	
  (the	
  next	
  best	
  alternative).	
  
i	
  This	
  analysis	
  included	
  patients	
  with	
  a	
  history	
  of	
  atherosclerotic	
  CV	
  disease	
  and	
  low-­‐density	
  lipoprotein-­‐cholesterol	
  ≥	
  70mg/dL	
  (1.81	
  mmol/L;	
  on	
  
statin	
  therapy	
  if	
  tolerated	
  or	
  off	
  statin	
  therapy	
  among	
  patients	
  who	
  were	
  deemed	
  statin-­‐intolerant;	
  n	
  =	
  8,531,000	
  in	
  2015).	
  	
  

© 2016 American Medical Association. All rights reserved.

Downloaded From:  by a UCSF LIBRARY User  on 02/22/2018



  

 

Page | A49 

eTable 18. Scenario Analysis: Modeling Patients with Statin Intolerance.a 

  

Treatment Strategy 

Person-
Years of 

Treatment 
(millions) 

Total 
MACE 

Avertedb 
NNT5c 

QALYs 
Gained 

Incremental 
Drug Costd 

(millions, $) 

Incremental 
Cost of CV 

Cared 
(millions, $) 

Incremental 
Cost of non-

CV Cared  
(millions, $) 

Incremental 
Cost-

Effectiveness 
Ratio 

($/QALY)e 

Current U.S. Population with Familial Hypercholesterolemia for whom Additional Lipid-Lowering Therapy is Indicatedf 

  Current statin useg comparator             

  

Incremental 
treatment with 
ezetimibeh 

3.0 19,200 58 43,500 5,509 -1,044 768 120,000 

  

Incremental 
treatment with a 
PCSK9 inhibitorh 

3.0 34,700 33 77,100 22,211 -1,874 1,360 282,000 

Current U.S. Population with Atherosclerotic CV Disease for whom Additional Lipid-Lowering Therapy is Indicatedi 
  

  Current statin use comparator             

  

Incremental 
treatment with 
ezetimibeh 

77.8 434,500 53 823,600 126,420 -15,230 17,372 156,000 

  

Incremental 
treatment with a 
PCSK9 inhibitorh 

78.1 786,400 30 1,473,300 506,219 -27,312 31,204 346,000 

Abbreviations: CV, cardiovascular; MACE, major adverse cardiovascular event (nonfatal MI, non-fatal stroke, and cardiovascular death); NNT, number-

needed-to-treat; PCSK9, proprotein convertase subtilisin/kexin type 9; QALY, quality-adjusted life year.  
a
 This analysis restricted the use of PCSK9 inhibitor therapy to patients with heterozygous familial hypercholesterolemia or atherosclerotic 

cardiovascular disease with statin intolerance. The model assumed the health system perspective and a lifetime analytic horizon, and discounted 

future costs and QALYs at 3% a year. To reflect the precision of the model, person-years of treatment are rounded to the nearest 100,000s; MACE and 

QALYs are rounded to the 100s; costs are rounded to the millions; and incremental cost-effectiveness ratios to the 1000s.  
b
 MACE was defined as a composite of non-fatal MI, non-fatal stroke, and death from cardiovascular causes. 

c
 Number of patients that would need to be treated for 5 years to avert one MACE event. 

d
 All costs are reported in 2015 U.S. dollars.  

e
 The incremental cost-effectiveness ratio (ICER) is defined as the increased cost incurred in a given strategy per quality-adjusted life year gained 

relative to the comparator. 
f
 This analysis included patients who met the operational definition of FH and were deemed statin-intolerant. 

g
 The comparator was statin therapy (as treated) among patients who were statin-tolerant, and no lipid-lowering therapy among patients who were 

statin-intolerant.  
h
 The statin + ezetimibe arm is compared with the current statin use arm, whereas the statin + PCSK9 inhibitor arm is compared with the statin + 

ezetimibe arm (the next best alternative). 
i
 This analysis included patients with a history of atherosclerotic CV disease and low-density lipoprotein-cholesterol ≥ 70mg/dL (1.81 mmol/L) who 

were deemed statin-intolerant. 
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eTable	
  19.	
  Scenario	
  Analysis:	
  Modeling	
  a	
  High	
  Risk	
  Population	
  (US	
  Adults	
  age	
  35-­‐74	
  years	
  who	
  experienced	
  their	
  first-­‐ever	
  MI	
  in	
  2015).a	
  	
  

	
  	
  

Treatment	
  Strategy	
  

Person-­‐
Years	
  of	
  

Treatment	
  
(millions)	
  

Total	
  
MACE	
  

Avertedb	
  
NNT5

c	
   QALYs	
  
Gained	
  

Incremental	
  
Drug	
  Costd	
  
(millions,	
  $)	
  

Incremental	
  
Cost	
  of	
  CV	
  
Cared	
  

(millions,	
  $)	
  

Incremental	
  
Cost	
  of	
  non-­‐CV	
  
Cared	
  (millions,	
  

$)	
  

Incremental	
  
Cost-­‐

Effectiveness	
  
Ratio	
  

($/QALY)e	
  

Current	
  U.S.	
  Population	
  with	
  Atherosclerotic	
  CV	
  Disease	
  for	
  whom	
  Additional	
  Lipid-­‐Lowering	
  Therapy	
  is	
  Indicatedi	
   	
  	
  

	
  	
   Current	
  statin	
  usef	
   comparator	
   	
  	
   	
  	
   	
  	
   	
  	
   	
  	
   	
  	
  

	
  	
  

Incremental	
  treatment	
  
with	
  ezetimibeg	
   3.3	
   17,000	
   36	
   63,300	
   6,849	
   -­‐1,075	
   1,036	
   108,000	
  

	
  	
  
Incremental	
  treatment	
  
with	
  a	
  PCSK9	
  inhibitorg	
   3.5	
   26,700	
   26	
   93,600	
   28,456	
   -­‐1,617	
   1,561	
   304,000	
  

Abbreviations:	
  CV,	
  cardiovascular;	
  MACE,	
  major	
  adverse	
  cardiovascular	
  event	
  (nonfatal	
  MI,	
  non-­‐fatal	
  stroke,	
  and	
  cardiovascular	
  death);	
  NNT,	
  
number-­‐needed-­‐to-­‐treat;	
  PCSK9,	
  proprotein	
  convertase	
  subtilisin/kexin	
  type	
  9;	
  QALY,	
  quality-­‐adjusted	
  life	
  year.	
  	
  
a	
  In	
  order	
  to	
  examine	
  the	
  cost-­‐effectiveness	
  of	
  PCSK9	
  inhibitor	
  therapy	
  in	
  a	
  high-­‐risk	
  population,	
  this	
  scenario	
  analysis	
  restricted	
  incremental	
  therapy	
  
with	
  ezetimibe	
  or	
  a	
  PCSK9	
  inhibitor	
  to	
  patients	
  who	
  experience	
  their	
  first-­‐ever	
  MI	
  in	
  2015	
  (n=169,000	
  in	
  2015).	
  The	
  model	
  assumed	
  the	
  health	
  
system	
  perspective	
  and	
  a	
  lifetime	
  analytic	
  horizon,	
  and	
  discounted	
  future	
  costs	
  and	
  QALYs	
  at	
  3%	
  a	
  year.	
  To	
  reflect	
  the	
  precision	
  of	
  the	
  model,	
  
person-­‐years	
  of	
  treatment	
  are	
  rounded	
  to	
  the	
  nearest	
  100,000s;	
  MACE	
  and	
  QALYs	
  are	
  rounded	
  to	
  the	
  100s;	
  costs	
  are	
  rounded	
  to	
  the	
  millions;	
  and	
  
incremental	
  cost-­‐effectiveness	
  ratios	
  to	
  the	
  1000s.	
  Additional	
  modeling	
  details	
  are	
  available	
  in	
  the	
  eAppendix.	
  	
  
b	
  MACE	
  was	
  defined	
  as	
  a	
  composite	
  of	
  non-­‐fatal	
  MI,	
  non-­‐fatal	
  stroke,	
  and	
  death	
  from	
  cardiovascular	
  causes.	
  
c	
  Number	
  of	
  patients	
  that	
  would	
  need	
  to	
  be	
  treated	
  for	
  5	
  years	
  to	
  avert	
  one	
  MACE	
  event.	
  
d	
  All	
  costs	
  are	
  reported	
  in	
  2015	
  U.S.	
  dollars.	
  	
  
e	
  The	
  incremental	
  cost-­‐effectiveness	
  ratio	
  (ICER)	
  is	
  defined	
  as	
  the	
  increased	
  cost	
  incurred	
  in	
  a	
  given	
  strategy	
  per	
  quality-­‐adjusted	
  life	
  year	
  gained	
  
relative	
  to	
  the	
  comparator.	
  
f	
  The	
  comparator	
  was	
  statin	
  therapy	
  (as	
  treated)	
  among	
  patients	
  who	
  were	
  statin-­‐tolerant,	
  and	
  no	
  lipid-­‐lowering	
  therapy	
  among	
  patients	
  who	
  were	
  
statin-­‐intolerant.	
  	
  
g	
  The	
  statin	
  +	
  ezetimibe	
  arm	
  is	
  compared	
  with	
  the	
  current	
  statin	
  use	
  arm,	
  whereas	
  the	
  statin	
  +	
  PCSK9	
  inhibitor	
  arm	
  is	
  compared	
  with	
  the	
  statin	
  +	
  
ezetimibe	
  arm	
  (the	
  next	
  best	
  alternative).	
  

 

  

© 2016 American Medical Association. All rights reserved.

Downloaded From:  by a UCSF LIBRARY User  on 02/22/2018



  
	
  

Page | A43 

eFigure 1. Schematic of the Cardiovascular Disease Policy Model. The structure and 

transitions in the CVD Policy Model are shown here. The model has been extensively validated 

across national and clinical-trial data.  

	
  	
  

	
  

Abbreviations:	
  CHD,	
  coronary	
  heart	
  disease;	
  CVD,	
  cardiovascular	
  disease;	
  HDL,	
  high-­‐density	
  lipoprotein;	
  LDL,	
  low-­‐density	
  
lipoprotein;	
  MI,	
  myocardial	
  infarction. 	
  

U.S.	
  adults	
  age	
  35-­‐
74	
  years	
  without	
  
stroke	
  or	
  CHD:	
  
Stratified	
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Age	
  	
  
Sex	
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  and	
  HDL	
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  blood	
  
pressure	
  Diabetes	
  	
  
Smoking	
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Statin	
  Use	
  

Acute	
  incident	
  
CVD	
  event:	
  first	
  30	
  
days	
  after	
  
development	
  of	
  
angina,	
  MI,	
  cardiac	
  
arrest,	
  or	
  stroke	
  

Chronic	
  CVD	
  States	
  
Angina	
  
MI	
  
Revascularization	
  
MI	
  +	
  Revascularization	
  
Stroke	
  
Stroke	
  +	
  MI	
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  CHD	
  or	
  Stroke	
  Event	
  

Non-­‐CVD	
  death	
  

Additional	
  non-­‐
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  CVD	
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of	
  CVD	
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eFigure 2. Effect of PCSK9 Inhibitor Therapy on Major Coronary Events. In this meta-

analysis, a fixed-effects model was used to estimate the effect of PCSK9 inhibitor therapy on 

the combined endpoint of death from coronary heart disease (CHD) and non-fatal myocardial 

infarction (MI) using primary data from nine PCSK9 inhibitor trials that reported these 

cardiovascular outcomes.52-60 Fourteen studies were excluded.62-75 Marker size is proportional 

to the weight allocated to the study in the meta-analysis (Mantel–Haenszel method).77
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eFigure 3. One-Way Sensitivity Analyses. Among patients with FH (panel A) and 

atherosclerotic CVD eligible for PCSK9 inhibitor therapy (panel B), the incremental cost-

effectiveness of PCSK9 inhibitor therapy was very sensitive to changes in drug cost and the 

analytic horizon. One-way sensitivity analyses among patients with FH (panel C) and 

atherosclerotic CVD (panel D) receiving ezetimibe produced similar results, the incremental 

cost-effectiveness of ezetimibe was also very sensitive to changes in drug cost and the 

analytic horizon. In both cases, higher drug costs and shorter analytic horizons reduced the 

cost-effectiveness of the therapy. High- or low- LDLC effect refer to the upper and lower 

bounds of estimated LDL-C reduction with each drug. Abbreviations: CVD, cardiovascular 

disease; ICER, incremental cost-effectiveness ratio; LDL-C, low-density lipoprotein cholesterol; 

PCSK9, proprotein convertase subtilisin/kexin type 9; QALY, quality-adjusted life year.  
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eFigure 4. Probabilistic Sensitivity Analyses. Probabilistic sensitivity analyses analyzed 1000 

simulations of the model (separately for patients with familial hypercholesterolemia [Panel A] 

and those with atherosclerotic cardiovascular disease [Panel B]) in which input parameters 

were randomly varied across pre-specified statistical distributions. Acceptability curves plot 

the probability that a given therapy is the “optimal” choice (y-axis) at a given willingness-to-pay 

threshold (x-axis).  Note that at a willingness-to-pay threshold of $100,000/QALY, continuing 

background statin therapy without any incremental therapy is estimated to be the most cost-

effective strategy. As the willingness-to-pay threshold increases, first ezetimibe and then 

PCSK9 inhibitors become the optimal choice. PCSK9 inhibitors were the optimal strategy in 

80% of the simulations at thresholds of $905,000/QALY among FH patients and 

$785,000/QALY among patients with atherosclerotic CVD. Note that this analysis captures the 

uncertainty in clinical outcomes with PCSK9 inhibitors given the small numbers of clinical 

events in the currently available clinical trial results.  
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eFigure 5. Net Monetary Benefit of Ezetimibe and PCSK9 Inihibitor Therapy Among 

Patients with Heterozygous Familial Hypercholesterolemia or Atherosclerotic 

Cardiovascular Disease on Status Quo Statin Therapy.  If the willingness-to-pay threshold 

was ≥$423,000, the addition of PCSK9 inhibitor therapy to status quo statin therapy was 

estimated to generate the greatest net monetary benefit (NMB) and is the optimal strategy 

(solid orange line). If the willingness-to-pay threshold was ≥$155,000/QALY but 

<$423,000/QALY, addition of ezetimibe to status quo statin therapy was estimated to generate 

the greatest NMB (solid blue line). At any level of willingness-to-pay <155,000, neither strategy 

is estimated to generate a net monetary benefit (and the comparator, status quo statin therapy, 

would be the optimal choice). The vertical distance between the two strategies indicates the 

incremental NMB, with the higher of the two strategies being the optimal choice. 

Abbreviations: QALY, quality-adjusted life year; PCSK9, proprotein convertase subtilisin/kexin 

type 9. 

 

© 2016 American Medical Association. All rights reserved.

Downloaded From:  by a UCSF LIBRARY User  on 02/22/2018



  
	
  

Page | A53 

  

© 2016 American Medical Association. All rights reserved.

Downloaded From:  by a UCSF LIBRARY User  on 02/22/2018



eReferences 

 

1. Bibbins-Domingo K, Coxson P, Pletcher MJ, Lightwood J, Goldman L. Adolescent 

overweight and future adult coronary heart disease. N Engl J Med. 2007;357(23):2371-

2379. 

2. Hunink MGM, Goldman L, Tosteson ANA, et al. The recent decline in mortality from 

coronary heart disease, 1980-1990:  the effect of secular trends in risk factors and 

treatment. JAMA. 1997;277(7):535-542. 

3. Weinstein MC, Coxson PG, Williams LW, Pass TM, Stason WB, Goldman L. Forecasting 

coronary heart disease incidence, mortality, and cost:  the Coronary Heart Disease 

Policy Model. Am J of Public Health. 1987;77(11):1417-1426. 

4. U.S. Census Bureau Population Division. Monthly Postcensal Resident Population by 

Single Year of Age, Sex, Race and Hispanic Origin for the United States: July 1, 2010 to 

December 1 2010 (NC-EST2011-ALLDATA-R-File02). 2011; 

http://www.census.gov/popest/data/national/asrh/2011/files/NC-EST2011-ALLDATA-R-

File02.csv. Accessed January 15, 2013. 

5. U.S. Census Bureau Population Division. Projected Population by Single Year of Age, 

Sex, Race, and Hispanic Origin for the United States: 2012 to 2060 (NP2012_D1). 2012; 

http://www.census.gov/population/projections/files/downloadables/NP2012_D1.csv 

Accessed January 15, 2013. 

6. U.S. Census Bureau Population Division. Methodology and Assumptions for the 2012 

National Projections. 2012; December 

2012:http://www.census.gov/population/projections/files/methodology/methodstatement1

2.pdf. Accessed January 15, 2013. 

© 2016 American Medical Association. All rights reserved.

Downloaded From:  by a UCSF LIBRARY User  on 02/22/2018



7. Centers for Disease Control and Prevention; National Center for Health Statistics. 

Underlying cause of death 1999-2010 on CDC WONDER online database, released 

2012. 2012; http://wonder.cdc.gov/ucd-icd10.html. Accessed January 15, 2013. 

8. National Center for Health Statistics. ICD10 Codes. 2004; 

http://ftp.cdc.gov/pub/Health_Statistics/NCHS/Publications/ICD10/each10.txt. Accessed 

July 12, 2006. 

9. Consensus recommendations for the management of chronic heart failure. On behalf of 

the membership of the advisory council to improve outcomes nationwide in heart failure. 

Am J Cardiol. 1999;83:1A-38A. 

10. Dawber TR. The Framingham Study: the Epidemiology of Atherosclerotic Disease. 

Cambridge, MA: Harvard University Press; 1980. 

11. Feinleib M, Kannel WB, Garrison RJ, McNamara PM, Castelli WP. The Framingham 

Offspring Study. Design and preliminary data. Prev Med. 1975;4(4):518-525. 

12. National Center for Health Statistics. National Health and Nutrition Examination Survey, 

2007-2012.  http://www.cdc.gov/nchs/nhanes/nhanes_questionnaires.htm. Accessed 

June 2015. 

13. Brindle P, Emberson J, Lampe F, et al. Predictive accuracy of the Framingham coronary 

risk score in British men: prospective cohort study. BMJ. 2003;327:1267-1270. 

14. D'Agostino RB, Grundy S, Sullivan LM, Wilson PW. Validation of the Framingham 

Coronary Heart Disease Prediction Scores. JAMA. 2001;286:180-187. 

15. Liu J, Hong Y, D'Agostino RBS, et al. Predictive value for the Chinese population of the 

Framingham CHD risk assessment tool compared with the Chinese Multi-Provincial 

Cohort Study. JAMA. 2004;291(21):2591-2599. 

16. Wilson PW, D'Agostino RB, Levy D, Belanger AM, Silbershaltz H, Kannel WB. Prediction 

of coronary heart disease using risk factor categories. Circulation. 1998;97:1837-1847. 

© 2016 American Medical Association. All rights reserved.

Downloaded From:  by a UCSF LIBRARY User  on 02/22/2018



17. Parish S, Collins R, Peto R, et al. Cigarette smoking, tar yields, and non-fatal myocardial 

infarction: 14,000 cases and 32,000 controls in the United Kingdom.  The International 

Studies of Infarct Survival (ISIS) Collaborators. BMJ. 1995;311(7003):471-477. 

18. Law MR, Morris JK, Wald NJ. Environmental tobacco smoke exposure and ischaemic 

heart disease: an evaluation of the evidence. BMJ. 1997;315(7114):973-980. 

19. National Center for Health Statistics. National Hospital Discharge Survey.  

ftp://ftp.cdc.gov/pub/Health_Statistics/NCHS/Datasets/NHDS/ Accessed March 29, 

2012. 

20. Petersen LA, Wright S, Normand S-LT, Daley J. Positive predictive value of the 

diagnosis of acute myocardial infarction in an administrative database. J Gen Intern 

Med. 1999;14:555-558. 

21. Canto JG, Rogers WJ, Goldberg RJ, et al. Association of age and sex with myocardial 

infarction symptom presentation and in-hospital mortality. JAMA. 2012;307(8):813-822. 

22. Rieves D, Wright G, Gupta G, Shacter E. Clinical trial (GUSTO-1 and INJECT) evidence 

of earlier death for men than women after acute myocardial infarction. Am J Cardiol. 

2000;85(2):147-153. 

23. Vaccarino V, Parsons L, Peterson ED, Rogers WJ, Kiefe CI, Canto J. Sex differences in 

mortality after acute myocardial infarction: changes from 1994 to 2006. Arch Intern Med. 

2009;169(19):1767-1774. 

24. Centers for Disease Control and Prevention; National Center for Health Statistics. 

Underlying cause of death 1999-2010 on CDC WONDER online database, released 

2012. 2012; http://wonder.cdc.gov/mcd-icd10.html. Accessed February 13, 2013. 

25. Medical Expenditure Panel Survey. Medical Expenditure Panel Survey Public Use Files 

1996-2001.  http://www.meps.ahrq.gov/Puf/PufSearch.asp?SearchOption=Keyword 

March 2004 - February 2005. 

© 2016 American Medical Association. All rights reserved.

Downloaded From:  by a UCSF LIBRARY User  on 02/22/2018



26. Groeneveld PW, Heidenreich PA, Garber AM. Racial disparity in cardiac procedures and 

mortality among long-term survivors of cardiac arrest. Circulation. 2003;108:286-291. 

27. Rea TD, Crouthamel M, Eisenberg MS, Becker LJ, Lima AR. Temporal patterns in long-

term survival after resuscitation from out-of-hospital cardiac arrest. Circulation. 

2003;108:1196-1201. 

28. Williams GR, Jiang JG, Matchar DB, Samsa GP. Incidence and occurrence of total (first-

ever and recurrent) stroke. Stroke. 1999;30(12):2523-2528. 

29. The Atherosclerosis Risk in Communities (ARIC) Study: design and objectives. The 

ARIC investigators. Am J Epidemiol. 1989;129(4):687-702. 

30. Rosamond WD, Folsom AR, Chambless LE, et al. Stroke incidence and survival among 

middle-aged adults: 9-year follow-up of the Atherosclerosis Risk in Communities (ARIC) 

cohort. Stroke. 1999;30(4):736-743. 

31. Go AS, Mozaffarian D, Roger VL, et al. Heart disease and stroke statistics--2014 update: 

a report from the American Heart Association. Circulation. 2014;129(3):e28-e292. 

32. Witt BJ, Brown RD, Jr., Jacobsen SJ, Weston SA, Yawn BP, Roger VL. A community-

based study of stroke incidence after myocardial infarction. Ann  Intern Med. 

2005;143(11):785-792. 

33. Amarenco P, Bogousslavsky J, Callahan A, 3rd, et al. High-dose atorvastatin after stroke 

or transient ischemic attack. N Engl J Med. 2006;355(6):549-559. 

34. Appelros P, Gunnarsson KE, Terent A. Ten-year risk for myocardial infarction in patients 

with first-ever stroke: a community-based study. Acta Neurol Scand. 2011;124(6):383-

389. 

35. Behar S, Tanne D, Abinader E, et al. Cerebrovascular accident complicating acute 

myocardial infarction: incidence, clinical significance and short- and long-term mortality 

rates. The SPRINT Study Group. Am J Med. 1991;91(1):45-50. 

© 2016 American Medical Association. All rights reserved.

Downloaded From:  by a UCSF LIBRARY User  on 02/22/2018



36. Lakshminarayan K, Schissel C, Anderson DC, et al. Five-year rehospitalization 

outcomes in a cohort of patients with acute ischemic stroke: Medicare linkage study. 

Stroke. 2011;42(6):1556-1562. 

37. Prosser J, MacGregor L, Lees KR, Diener HC, Hacke W, Davis S. Predictors of early 

cardiac morbidity and mortality after ischemic stroke. Stroke. 2007;38(8):2295-2302. 

38. Touze E, Varenne O, Chatellier G, Peyrard S, Rothwell PM, Mas JL. Risk of myocardial 

infarction and vascular death after transient ischemic attack and ischemic stroke: a 

systematic review and meta-analysis. Stroke. 2005;36(12):2748-2755. 

39. National Center for Health Statistics. National Health Interview Survey, 2009-2011.  

ftp://ftp.cdc.gov/pub/Health_Statistics/NCHS/Datasets/NHIS/. Accessed June 12, 2012. 

40. Bergmann MM, Byers T, Freedman DS, Mokdad AH. Validity of self-reported diagnoses 

leading to hospitalization: a comparison of self-reports with hospital records in a 

prospective study of American adults. Am J Epidemiol. 1998;147(10):969-977. 

41. Ford ES, Giles WH. Changes in prevalence of nonfatal coronary heart disease in the 

United States from 1971-1994. Ethn Dis. 2003;13:85-93. 

42. Gross R, Bentur N, Elhayany A, Sherf M, Epstein L. The validity of self-reports on 

chronic disease:  characteristics of underreporters and implications for the planning of 

services. Public Health Rev. 1996;24:167-182. 

43. Lazar LD, Pletcher MJ, Coxson PG, Bibbins-Domingo K, Goldman L. Cost-effectiveness 

of statin therapy for primary prevention in a low-cost statin era. Circulation. 

2011;124(2):146-153. 

44. Sh epher d  J, Cobbe SM , For d  I, et  al . Pr even t ion  of  cor on ar y  h ear t  d isease 

wi t h  p r avastat in  in  m en  wi t h  h y per cholester olem ia. West  of  Scot lan d  

Cor on ar y  Pr even t ion  Study  Gr oup . N En gl  J Med . 1995;333(20) :1301-

1307. 

© 2016 American Medical Association. All rights reserved.

Downloaded From:  by a UCSF LIBRARY User  on 02/22/2018



45. Cal i for n ia Pub l ic Pat ien t  Disch ar ge Data. 2008. Sacr am en to, CA: Of f ice of  

Statewide Heal t h  Plan n in g an d  Developm en t : 2008. 

46. Cal i for n ia Of f ice of  Statewid e Heal t h  Plann in g &  Developm en t . Hosp i t al  

f in an cial  d ata for  cost  to ch ar ge r at io, CA in pat in et  discharage data hospital 

annual financial data, pivot profiles. 1999-2000; 

http://www.oshpd.ca.gov/HQAD/Hospital/financial/hospAF.htm Accessed June, 2003. 

47. Average cost to community hospitals per patient, by state (Table 204). Statistical 

Abstract of the United States. Bureau of the Census. Washington, D.C.: Government 

Printing Office; 1998:136. 

48. Medical Expenditure Panel Survey. Medical Expenditure Panel Survey Public Use Files 

1998-2008.  http://meps.ahrq.gov/mepsweb/, 2010. 

49. United States Department of Labor. Bureau of Labor Statistics. Consumer Price Index 

for All Urban Consumers: Medical Care. Accessed at http://data.bls.gov/cgi-

bin/surveymost?cu on July 15, 2015. 

50. Cholesterol Treatment Trialists' (CTT) Collaboration. Efficacy and safety of LDL-lowering 

therapy among men and women: meta-analysis of individual data from 174,000 

participants in 27 randomised trials. Lancet. 2015 Apr 11;385(9976):1397-405. 

51. Cannon CP, Blazing MA, Giugliano RP, et al. Ezetimibe Added to Statin Therapy after 

Acute Coronary Syndromes. N Engl J Med. 2015;372(25):2387-2397. 

52.  Blom DJ, Hala T, Bolognese M, et al. A 52-Week Placebo-Controlled Trial of 

Evolocumab in Hyperlipidemia (for the DESCARTES Investigators). N Engl J Med. 

2014;370:1809-1819. 

53. Giugliano RP, Desai NR, Kohli P, et al. Efficacy, safety, and tolerability of a monoclonal 

antibody to proprotein convertase subtilisin/kexin type 9 in combination with a statin in 

© 2016 American Medical Association. All rights reserved.

Downloaded From:  by a UCSF LIBRARY User  on 02/22/2018



patients with hypercholesterolaemia (LAPLACE-TIMI 57): a randomised, placebo-

controlled, dose-ranging, phase 2 study. Lancet. 2012;380:2007-2017. 

54.  Moriarty PM, Thompson PD, Cannon CP, et al. Efficacy and safety of alirocumab vs 

ezetimibe in statin-intolerant patients, with a statin rechallenge arm: The ODYSSEY 

ALTERNATIVE randomized trial. J Clin Lipido.l 2015;9:758-769. 

55.  Kereiakes DJ, Robinson JG, Cannon CP, et al. Efficacy and safety of the proprotein 

convertase subtilisin/kexin type 9 inhibitor alirocumab among high cardiovascular risk 

patients on maximally tolerated statin therapy: The ODYSSEY COMBO I study. Am 

Heart J. 2015;169:906-915 e13. 

56.  Cannon CP, Cariou B, Blom D, et al. Efficacy and safety of alirocumab in high 

cardiovascular risk patients with inadequately controlled hypercholesterolaemia on 

maximally tolerated doses of statins: the ODYSSEY COMBO II randomized controlled 

trial. Eur Heart J. 2015;36:1186-1194. 

57. Kastelein JJ, Ginsberg HN, Langslet G, et al. ODYSSEY FH I and FH II: 78 week results 

with alirocumab treatment in 735 patients with heterozygous familial 

hypercholesterolaemia. Eur Heart J. 2015;36:2996-3003. 

58. Robinson JG, Farnier M, Krempf M, et al. Efficacy and safety of alirocumab in reducing 

lipids and cardiovascular events. N Engl J Med. 2015;372(16):1489-1499. 

59. Bays H, Gaudet D, Weiss R, et al. Alirocumab as Add-On to Atorvastatin Versus Other 

Lipid Treatment Strategies: ODYSSEY OPTIONS I Randomized Trial. J Clin Endocrinol 

Metab. 2015;100:3140-3148. 

60. Farnier M, Jones P, Severance R, et al. Efficacy and safety of adding alirocumab to 

rosuvastatin versus adding ezetimibe or doubling the rosuvastatin dose in high 

cardiovascular-risk patients: The ODYSSEY OPTIONS II randomized trial. 

Atherosclerosis. 2016;244:138-146. 

© 2016 American Medical Association. All rights reserved.

Downloaded From:  by a UCSF LIBRARY User  on 02/22/2018



61. Navarese EP, Kolodziejczak M, Schulze V, et al. Effects of Proprotein Convertase 

Subtilisin/Kexin Type 9 Antibodies in Adults With Hypercholesterolemia: A Systematic 

Review and Meta-analysis. Ann Intern Med. 2015;163(1):40-51. 

62.  Sullivan D, Ollson AG, Scott R, Kim JB, Xue A, Gebski V, Wasserman SM, Stein EA. 

Effect of a monoclonal antibody to PCSK9 on low-density lipoprotein cholesterol levels in 

statin-intolerant patients: the GAUSS randomized trial. JAMA. 2012 Dec 19; 

308(23):2497-506.  

63.  Stroes E, Colquhoun D, Sullivan D, Civeira F, Rosenson RS, Watts GS, Bruckert E, Cho 

L, Dent R, Knusel B, Xue A, Scott R, Wasserman SM, Rocco M. GUASS-2 Investigtors. 

Anti-PCSK9 antibody effectively lowers cholesterol in patients with statin intolerance: 

the GAUSS-2 randomized, placebo-controlled phase 3 clinical trial of evolocumab. J Am 

Coll Cardiol. 2014 Jun 17;63(23):2541-8. doi: 10.1016/j.jacc.2014.03.019. Epub 2014 

Mar 30. 

64.   Robinson JG, Nedergaard BS, Rogers WJ, Fialkow J, Neutel JM, Ramstad D, 

Somaratne R, Legg JC, Nelson P, Scott R, Wasserman SM, Weiss R; LAPLACE-

2 Investigators. Effect of evolocumab or ezetimibe added to moderate- or high-intensity 

statin therapy on LDL-C lowering in patients with hypercholesterolemia: the LAPLACE-

2 randomized clinical trial. JAMA. 2014 May 14; 311(18):1870-82.  

65.  McKenney JM, Koren MJ, Kereiakes DJ, Hanotin C, Ferrand AC, Stein EA. Safety and 

efficacy of a monoclonal antibody to proprotein convertase subtilisin/kexin type 9 serine 

protease, SAR236553/REGN727, in patients with primary hypercholesterolemia 

receiving ongoing stable atorvastatin therapy. J Am Coll Cardiol. 2012 Jun 

19;59(25):2344-53. 

66.  Koren MJ, Scott R, Kim JB, Knusel B, Liu T, Lei L, Bolognese M, Wasserman SM. 

Efficacy, safety, and tolerability of a monoclonal antibody to proprotein convertase 

subtilisin/kexin type 9 asmonotherapy in patients with hypercholesterolaemia (MENDEL): 

© 2016 American Medical Association. All rights reserved.

Downloaded From:  by a UCSF LIBRARY User  on 02/22/2018



a randomised, double-blind, placebo-controlled, phase 2 study. Lancet. 2012 Dec 

8;380(9858):1995-2006. 

67.  Koren MJ, Lundqvist P, Bolognese M, Neutel JM, Monsalvo ML, Yang J, Kim JB, Scott 

R, Wasserman SM, Bays H; MENDEL-2 Investigators. Anti-PCSK9 monotherapy for 

hypercholesterolemia: the MENDEL-2 randomized, controlled phaseIII clinical trial of 

evolocumab. J Am Coll Cardiol. 2014 Jun 17;63(23):2531-40.  

68.  Ginsberg HN, Rader D, Raal FJ, Guyton J, Lorenzato C, Pordy R, et al. ODYSSEY 

HIGH FH: efficacy and safety of alirocumab in patients with severe heterozygous familial 

hypercholesterolemia. Presented at the American Heart Association Scientific Sessions; 

Chicago, Illinois; 15–19 November 2014. 

https://my.americanheart.org/idc/groups/ahamah-

public/@wcm/@sop/@scon/documents/downloadable/ucm_469616.pdf. Accessed 

February 1, 2016.  

69.  Roth EM, Taskinen MR, Ginsberg HN, Kastelein JJ, Colhoun HM, Robinson JG, Merlet 

L, Pordy R, Baccara-Dinet MT. Monotherapy with the PCSK9 inhibitor alirocumab versus 

ezetimibe in patients with hypercholesterolemia: results of a 24 week, double-blind, 

randomized Phase 3 trial. Int J Cardiol. 2014 Sep;176(1):55-61. 

70.  Roth EM, McKenney JM, Hanotin C, Asset G, Stein EA. Atorvastatin with or without 

an antibody to PCSK9 in primary hypercholesterolemia. N Engl J Med. 2012 Nov 

15;367(20):1891-900 

71.  Raal F, Scott R, Somaratne R, Bridges I, Li G, Wasserman SM, Stein EA. Low-density 

lipoprotein cholesterol-lowering effects of AMG 145, a monoclonal antibody to 

proproteinconvertase subtilisin/kexin type 9 serine protease in patients with 

heterozygous familial hypercholesterolemia: the Reduction of LDL-C with PCSK9 

© 2016 American Medical Association. All rights reserved.

Downloaded From:  by a UCSF LIBRARY User  on 02/22/2018



Inhibition in Heterozygous Familial Hypercholesterolemia Disorder (RUTHERFORD) 

randomized trial. Circulation. 2012 Nov 13;126(20):2408-17. 

72. Raal FJ, Stein EA, Dufour R, Turner T, Civeira F, Burgess L, Langslet G, Scott R, 

Olsson AG, Sullivan D, Hovingh GK, Cariou B, Gouni-Berthold I, Somaratne R, Bridges 

I, Scott R, Wasserman SM, Gaudet D; RUTHERFORD-2 Investigators. PCSK9 inhibition 

with evolocumab (AMG 145) in heterozygous familial hypercholesterolaemia 

(RUTHERFORD-2): a randomised, double-blind, placebo-controlled trial. Lancet. 2015 

Jan 24;385(9965):331-4. 

73.  Stein EA, Gipe D, Bergeron J, Gaudet D, Weiss R, Dufour R, Wu R, Pordy R.Effect of a 

monoclonal antibody to PCSK9, REGN727/SAR236553, to reduce low-density 

lipoprotein cholesterol in patients with heterozygous familial hypercholesterolaemia on 

stable statin dose with or without ezetimibe therapy: a phase 2 randomised controlled 

trial. Lancet. 2012 Jul 7;380(9836):29-36.  

74.  Raal FJ, Honarpour N, Blom DJ, Hovingh GK, Xu F, Scott R, Wasserman SM, Stein EA; 

TESLA Investigators. Inhibition of PCSK9 with evolocumab in homozygous familial 

hypercholesterolaemia (TESLA PartB): a randomised, double-blind, placebo-controlled 

trial. Lancet. 2015 Jan 24;385(9965):341-50.  

75.  Hirayama A, Honarpour N, Yoshida M, Yamashita S, Huang F, Wasserman SM, 

Teramoto T. Effects of evolocumab (AMG 145), a monoclonal antibody to PCSK9, in 

hypercholestrolemic statin-terated Japanese patients at high cardiovascular risk 0 

primary results from the phase 2 YUKAWA study. Circ J. 2014;78(5):1073-82. 

76. Sabatine MS, Giugliano RP, Wiviott SD, et al. Efficacy and safety of evolocumab in 

reducing lipids and cardiovascular events. N Engl J Med. 2015;372(16):1500-1509. 

77.  Deeks, J. J., D. G. Altman, and M. J. Bradburn. 2001. Statistical methods for examining 

heterogeneity and combining results from several studies in meta-analysis. In 

© 2016 American Medical Association. All rights reserved.

Downloaded From:  by a UCSF LIBRARY User  on 02/22/2018



Systematic Reviews in Health Care: Meta-analysis in context, ed. M. Egger, G. D. Smith, 

and D. G. Altman, 285–321. 

78. Harris RJ, et al. Metan: fixed- and random-effects meta-analysis. The Stata Journal. 

2008; 8(1): 3–28. Available at http://www.stata-

journal.com/sjpdf.html?articlenum=sbe24_2. Accessed on June 25, 2016.  

79. Sweeting MJ, Sutton AJ, Lambert PC. What to add to nothing? Use and avoidance of 

continuity corrections in meta-analysis of rare events. Stat Med. 2004; 23: 1351–1375. 

80. Liberati A, Altman DG, Tetzlaff J, et al. The PRISMA statement for reporting systematic 

reviews and meta-analyses of studies that evaluate health care interventions: 

explanation and elaboration. PLoS Med. 2009 Jul 21;6(7):e1000100. doi: 

10.1371/journal.pmed.1000100. Epub 2009 Jul 21. 

81.  Nissen SE, Stroes E, Dent-Acosta RE, et al. Efficacy and Tolerability of Evolocumab vs 

Ezetimibe in Patients With Muscle-Related Statin Intolerance: The GAUSS-

3 Randomized Clinical Trial. JAMA. 2016 Apr 19;315(15):1580-90. 

82. Kiyosue A, Honarpour N, Kurtz C, Xue A, Wasserman SM, Hirayama A. A Phase 3 

Study of Evolocumab (AMG 145) in Statin-Treated Japanese Patients at High 

Cardiovascular Risk. Am J Cardiol. 2016 Jan 1;117(1):40-7. doi: 

10.1016/j.amjcard.2015.10.021. 

83.  Efficacy and Safety of Alirocumab in Japanese Subjects (Phase 1 and 2 Studies). 

Teramoto T, Kobayashi M, Uno K, Takagi Y, Matsuoka O, Sugimoto M, Inoue S, Minami 

F, Baccara-Dinet MT. Am J Cardiol. 2016 Jul 1;118(1):56-63. doi: 

10.1016/j.amjcard.2016.04.011.  

84.  Stroes E, Guyton R, Farnier M, et al. Efficacy and safety of alirocumab 150 mg and 300 

mg every 4 weeks in patients with poorly controlled hypercholesterolemia: the 

ODYSSEY CHOICE I and CHOICE II studies. Presented at ACC 2015 Scientific 

Sessions. March 14-16, 2015; San Diego, California. 

© 2016 American Medical Association. All rights reserved.

Downloaded From:  by a UCSF LIBRARY User  on 02/22/2018



85. Red Book Online. Truven Health Analytics Web Site. 

http://www.redbook.com/redbook/about. Accessed July 1, 2015. 

86. Pletch er  MJ, Lazar  L, Bibb ins-Dom in go K, M or an  A, et  al . Com par in g 

im pact  an d  cost -ef fect iven ess of  p r im ar y  pr even t ion  st r ategies for  l ip id -

lower in g. Ann Int Med. Feb 17;150(4):243-54. 

87.  Sullivan PW, Ghushchyan V. Preference-Based EQ-5D index scores for chronic 

conditions in the United States. Med Decis Making 2006;26:410-20. 

88. Fontana M, Pica S, Reant P, et al. Prognostic Value of Late Gadolinium Enhancement 

Cardiovascular Magnetic Resonance in Cardiac Amyloidosis. Circulation. 

2015;132:1570-9. 

89.  Pletcher MJ, Pignone M, Earnshaw S, et al. Using the coronary artery calcium score to 

guide statin therapy: a cost-effectiveness analysis. Circ Cardiovasc Qual Outcomes. 

2014;7:276-84. 

90.  Matza LS, Cong Z, Chung K, et al. Utilities associated with subcutaneous injections and 

intravenous infusions for treatment of patients with bone metastases. Patient Prefer 

Adherence. 2013;7:855-65. 

91. Moran AE, Forouzanfar MH, Roth G, et al. Temporal Trends in Ischemic Heart Disease 

Mortality in 21 World Regions, 1980-2010: The Global Burden of Disease 2010 Study. 

Circulation. 2014 ;129:1483-92. 

92. Moran AE, Forouzanfar MH, Roth G, et al. The Global Burden of Ischemic Heart 

Disease in 1990 and 2010: The Global Burden of Disease 2010 Study. Circulation. 

2014;129:1493-501. 

93. Murray CJ, Atkinson C, Bhalla K, et al. The state of US health, 1990-2010: burden of 

diseases, injuries, and risk factors. JAMA. 2013;310:591-608. 

© 2016 American Medical Association. All rights reserved.

Downloaded From:  by a UCSF LIBRARY User  on 02/22/2018


	Cost-Effectiveness of PCSK9 Inhibitors_JAMASupplement_v2016-07-23_Mac
	Cost-Effectiveness of PCSK9 Inhibitors_JAMASupplement_v2016-07-23_Mac.2
	Cost-Effectiveness of PCSK9 Inhibitors_JAMASupplement_v2016-07-23_Mac.3
	Cost-Effectiveness of PCSK9 Inhibitors_JAMASupplement_v2016-07-23_Mac.4
	Cost-Effectiveness of PCSK9 Inhibitors_JAMASupplement_v2016-07-23_Mac.5
	Cost-Effectiveness of PCSK9 Inhibitors_JAMASupplement_v2016-07-23_Mac.6
	Cost-Effectiveness of PCSK9 Inhibitors_JAMASupplement_v2016-07-23_Mac.7
	eReferences_corrections_08052016.pdf
	71.  Raal F, Scott R, Somaratne R, Bridges I, Li G, Wasserman SM, Stein EA. Low-density lipoprotein cholesterol-lowering effects of AMG 145, a monoclonal antibody to proproteinconvertase subtilisin/kexin type 9 serine protease in patients with heteroz...
	86. Pletcher MJ, Lazar L, Bibbins-Domingo K, Moran A, et al. Comparing impact and cost-effectiveness of primary prevention strategies for lipid-lowering. Ann Int Med. Feb 17;150(4):243-54.




