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Abstract

OBJECTIVES—Proprotein convertase subtilisin/kexin type 9 (PCSK9) inhibitors were approved 

by the U.S. Food and Drug Administration (FDA) as cholesterol-lowering therapies for patients 

with familial hypercholesterolemia or atherosclerotic cardiovascular disease. This study estimates 

the long-term health and economic value of PCSK9 inhibitors for older Americans (aged 51 and 

older).

METHODS—We conducted simulations using the Future Elderly Model (FEM), an established 

dynamic microsimulation model, to project the lifetime outcomes for the U.S. population aged 51 

or older. Health effects estimates and confidence intervals from published meta-analysis studies 

were used to project changes in life expectancy, quality-adjusted life-years, and lifetime medical 

spending resulting from use of PCSK9 inhibitors. We considered two treatment scenarios: 1) 

current FDA eligibility; and 2) an extended eligibility scenario which includes patients with no 

pre-existing cardiovascular disease (CVD) but at high-risk. We assumed the price of PCSK9 

inhibitors was discounted by 35% in the first 12 years and by 57% thereafter, with gradual uptake 

of the drug in eligible populations.

RESULTS—Utilization of PCSK9 inhibitors by individuals covered by current FDA approval 

would extend life-expectancy at age 51 by an estimated 1.1 years and would yield a lifetime net 

value of $5,800 per person. If utilization were extended to those at high-risk for CVD, PCSK9 

inhibitors would generate a lifetime net benefit of $14,100 per person.

CONCLUSION—Expanded access to PCSK9 inhibitors would offer positive long-term net value 

for patients and the U.S. healthcare system at the current discounted prices.
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1 INTRODUCTION

Despite advances in medical technologies, cardiovascular disease (CVD) remains the 

leading cause of death—nearly 7.2 million deaths annually—and a major cause of disability 

in the United States.(1, 2) From 2011 to 2012, the estimated annual direct and indirect costs 

of CVD and stroke were more than $310 billion, (3) with annual costs projected to nearly 

triple from 2010 to 2030, from $273 billion to $818 billion. (4, 5) Additional interventions 

are needed for people at risk of CVD, focusing both on patient lifestyle changes and 

managing modifiable cardiovascular risk factors successfully.

A large body of evidence demonstrates that low-density lipoprotein cholesterol (LDL-C) is a 

principal driver of atherosclerotic vascular disease (ASCVD)—the underlying cause of the 

majority of clinical manifestations of CVD—and thus the primary target for CVD risk 

reduction interventions.(6–9) For more than a decade, guidelines have indicated that patients 

with elevated LDL should use HMG-CoA reductase inhibitors, also known as statins, 

adjunct to diet to reduce cholesterol. Despite the use of statins, previous research has shown 

that a substantial proportion of treated high-risk patients fail to achieve target LDL-C levels.

(10, 11) Moreover, statin intolerance is a common concern in clinical practice, with wide 

variation of individual lipid-lowering and risk reduction.(12–15) A substantial proportion of 

patients not meeting conventional LDL-C goals—more than 73 million U.S. adults (32%) 

experience elevated LDL-C(16)—suggests substantial benefits in reducing the burden of 

hypercholesterolemia.

Recently, the FDA approved two monoclonal antibodies targeting proprotein convertase 

subtilisin/kexin type 9 (PCSK9), alirocumab and evolocumab, which are novel lipid-

lowering approaches that inhibit the binding of PCSK9 to the LDL receptor, resulting in 

powerful LDL-C lowering potency.(17–19) Both agents are administered via subcutaneous 

injection and were approved as an adjunct to diet and maximally tolerated statin therapy for 

treatment of adults with familial hypercholesterolemia (FH) or clinical ASCVD who require 

additional lowering of LDL-C.(20)

Preliminary Phase III clinical trials, though not powered to assess long-term cardiovascular 

outcomes because of the short study windows, showed approximately a 50% risk reduction 

in cardiovascular events and all-cause mortality while maintaining a favorable safety profile.

(21–23) If clinical benefits observed in trials are sustained long term, PCSK9 inhibitors 

could become an important option for patients at high risk of ASCVD and potentially create 

substantial health benefit by preventing CVD events.

Despite health benefits suggested by the literature, payers and policymakers are concerned 

this new class of expensive specialty medications poses a substantial economic burden given 

the drugs’ current prices, which range from $14,100–$14,600 per patient per year. A recent 

study suggested that even if the drug price of PCSK9 inhibitors could be covered by an 

annual $245 billion savings in prevented CVD events, the high price of PCSK9 inhibitors 

still poses a substantial economic burden to the U.S. healthcare system if only accounting for 

direct medical costs from avoided CVD. (24) Another study suggested these agents may not 

be cost-effective in patients with FH or ASCVD at current U.S. prices.(25) Answers are 
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needed about whether PCSK9 inhibitors will significantly improve mortality and reduce 

CVD events in Americans beyond currently available diet-statin therapy and prove cost-

effective over time.(26) Given uncertainty in long-term efficacy, the FDA approved use of 

PCSK9 inhibitors under strict criteria, and because of the drugs’ high price, payers have 

suggested that PCSK9 inhibitors should be targeted to a narrow population. (20, 27, 28) 

However, a larger population with elevated LDL-C could benefit from PCSK9 inhibitors 

because clinical trials have shown substantial LDL-C lowering effects in persons who failed 

to receive adequate health benefits from statins regardless of their history of ASCVD.(29–

31) Therefore, it is essential to evaluate the value of PCSK9 inhibitors under broader 

indications.

This article’s primary objective is to estimate the health benefits of PCSK9 inhibitors in the 

U.S. population with familial hypercholesterolemia or cardiovascular disease and to quantify 

the value of these gains, while taking into account the uncertainty surrounding the drugs’ 

clinical effectiveness. Secondarily, we estimate the long-term value of PCSK9 inhibitors if 

their utilization were extended to persons with no pre-existing cardiovascular disease but 

with high-CVD risks.

2 METHODS

2.1 The Future Elderly Model

We estimated potential health benefits and costs by using the Future Elderly Model (FEM), a 

dynamic microsimulation model that tracks cohorts older than age 50 to project their health 

and economic outcomes. Rather than aggregating health characteristics of a cohort, the FEM 

follows the evolution of individual-level health trajectories in a microsimulation framework. 

Initially, the FEM was developed to forecast long-term health and healthcare costs under 

different scenarios for medical technology and utilization.(32) In recent years, the FEM has 

been used to estimate the value of statin therapy in the obese population,(33) the value of 

aspirin,(34) and the value of delayed biological aging.(35, 36) The FEM also has been used 

to estimate the impacts of other health policy changes, such as the introduction of dietary 

sodium reduction policies,(37) tobacco control policies, (38) and U.S. pharmaceutical 

policy.(39) We describe the model and methods briefly here; complete technical information 

is available in the Appendix (FEM technical document).

The FEM simulates the lives of older Americans based on the Health and Retirement Survey 

(HRS), a nationally representative biennial survey of Americans aged 51 and older. The 

FEM has three core components. The first is the Health Transition module, which consists of 

a series of health and functional status transition equations and mortality equations to model 

the health of the 51+ population over their lifetimes. Health is described by the presence of 

certain chronic conditions, and functional status is measured by limitations in activities of 

daily living, instrumental activities of daily living, and nursing home residency, reported by 

the HRS data. All health conditions, functional states, and risk factors were modeled with 

first-order Markov processes that controlled for a set of baseline variables, including age, 

gender, education, race, body-mass index, smoking status, and health at the time of entry 

into the study.
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For the purpose of this study, we added biomarkers (specifically cholesterol and HbA1c 

levels), blood pressure measurements, and treatment status (including respondents’ current 

therapies for cholesterol, blood pressure control, and diabetes) in the health transition 

module. These variables were added to better identify the target population eligible for 

PCSK9 inhibitors and their CVD risk as the model moves forward. These variables were 

obtained from the HRS biomarker data available from 2006 to 2012. We added biomarker 

and blood pressure levels to the list of covariates predicting cardiovascular disease. In the 

simulations, biomarker and blood pressure transitions were modelled as a function of 

respondents’ social demographics, health status, and treatment status.

We computed quality-adjusted life-year (QALY) measures based on the EQ-5D, a 

standardized health-related quality-of-life instrument measuring a respondent’s general 

health status on five dimensions: mobility, daily activities, self-care, anxiety, depression, and 

pain.(40) EQ-5D scores are estimated with an ordinary least squares regression as a function 

of the chronic conditions and FEM-specified functional status, using Medical Expenditure 

Panel Survey (MEPS) data.

The second FEM component is the Policy Outcomes module, which examines fiscal 

outcomes, including the costs of health entitlement programs—specifically federal and state 

spending for Medicare and Medicaid. The FEM predicts expected enrollment for Medicare 

and Medicaid, as well as expenditures for both entitlement programs and private medical 

expenditures, given a set of health, economic, and demographic states and characteristics. 

The predictions are based on MEPS data prior to age 65 and the Medicare Current 

Beneficiary Survey after age 65.

The third component is a Replenishing Cohort module, which introduces new cohorts of 51-

year-olds in each simulated year as the model progresses. The FEM predicts the 

demographic and health characteristics for these younger populations based on data from the 

National Health Interview Survey, the Current Population Survey, and the National Health 

Nutrition and Examination Survey.

2.2 Simulations

First, we conducted “cohort simulations,” tracking a 2016 cohort of Americans aged 51 to 

52 until their death under alternative PCSK9 inhibitor scenarios. In addition, we conducted 

“population simulations” to investigate the population-wide trends implied by observing a 

representative cross-section of the older U.S. population in each period. We used the full 

FEM population to project outcomes (including the replenishing cohort) for the entire 

population of Americans aged 51 and older from year 2016 to year 2056. Population health 

outcomes were calculated for each time period by aggregating individual health measures.

2.2.1 Scenarios—We considered three scenarios—one representing the status quo and the 

other two representing scenarios introducing use of PCSK9 inhibitors. In PCSK9 inhibitor 

scenarios, we modified the status quo scenario by applying the health benefits and additional 

healthcare spending from PCSK9 inhibitor use to the current standard of care. First, a status 
quo scenario establishes a baseline assuming treatment strategies for managing 

hypercholesterolemia in the U.S prior to the introduction of PCSK9 inhibitors.
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We next generated two scenarios to evaluate the benefits and costs of introducing PCSK9 

inhibitors. Besides meeting the criteria described below, the patients are required to meet 

additional criteria to become eligible for PCSK9 inhibitors, including being aged 80 and 

younger, currently being on a cholesterol-lowering therapy, and having failed to reduce 

LDL-C to ≤ 70 mg/dl:

a. Current Eligibility: In this scenario, the populations eligible for PCSK9 

inhibitors were defined by current FDA-approved indications(20) and the first 

two groups of statin benefit groups as outlined by American College of 

Cardiology/American Heart Association (ACC/AHA) guidelines,(8) which 

included those with familial hypercholesterolemia (defined as LDL-C level 

higher than 190 mg/dL)(41, 42) and preexisting CVD.

b. Extended Eligibility: This scenario extends access to patients without a history 

of CVD but with high-risk equivalents are also eligible for treatment with 

PCSK9 inhibitors. The CVD high-risk equivalents were defined as persons with 

diabetes aged 40 to 75 years, or with an estimated 10-year ASCVD risk >7.5%. 

This group corresponded with the statin benefit groups 3 and 4 in ACC/AHA 

guidelines.(8)

Uncertainty surrounding long-term effectiveness and pricing concerns have served as 

barriers to widespread adoption of PCSK9 inhibitors, and their adoption has been gradual.

(27, 43) Therefore, among the PCSK9 inhibitor-eligible population, we assumed a zero 

probability of actual PCSK9 inhibitor assignment in year 2014, and the probability linearly 

increases to one through year 2020. The process to identify PCSK9 inhibitor eligibility in 

FEM simulations is detailed in Appendix A.

We estimated that 13.8 million individuals were eligible for PCSK9 inhibitors under current 

FDA approval in 2016; eligible individuals increased to 28.5 million under extended 

eligibility. (Figure 1). The actual PCSK9 inhibitor assignment after phasing in adoption in a 

gradual linear manner is displayed in Figure A1. There were about 4.6 million and 9.5 

million individuals assigned to use PCSK9 inhibitors under current and extended 

eligibilities, respectively, in 2016.

2.2.2 The impact of PCSK9 inhibitors on health and costs—To reflect the health 

impacts of PCSK inhibitors reported in the literature, we modified health transitions and 

outcomes of eligible individuals in the PCSK9 inhibitor scenarios, specifically by reducing 

the risk of having the first cardiovascular disease and all-cause mortality, as well as applying 

additional drug costs and disutility weights for PCSK9 inhibitors. The key parameters and 

their ranges for sensitivity analysis are listed in Table 1. For PCSK9 inhibitor-eligible 

individuals and for those without prior heart disease, we decreased the probabilities of heart 

disease incidence by factors with a mean of 0.54, and for those receiving PCSK9 inhibitors, 

we decreased their probabilities of mortality by factors with a mean of 0.45, (21, 22), which 

correspond to the risk-ratios reported by published meta-analyses. The risk reduction in 

mortality was further adjusted to account for the interaction between heart disease 

prevention and mortality. (Appendix A). Since the effectiveness of PCSK9 inhibitors among 
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subgroups with different characteristics are not yet well established, we assumed the same 

effect for populations taking PCSK9 inhibitors across their life-years covered by the drugs.

Although research has found an elevated risk of a neurocognitive adverse event suspected to 

be associated with use of PCSK9 inhibitors, the FDA concluded that the association was 

insignificant. (44) Evidence has shown utility differences between different treatment 

modalities, with a subcutaneous injection leading to lower health utility compared with an 

oral therapy; therefore, we imposed a disutility of 0.004 per person receiving PCSK9 

inhibitors.(45)

Annual costs of PCSK9 inhibitors were assumed to be equal to their wholesale acquisition 

costs; assumed to be the mean of the 2015 annual costs of alirocumab ($14,600) and 

evolocumab ($14,100).(46) The price for a new branded drug usually falls by a discount rate 

ranging from 23% to 46%, after the entry of other branded competing drugs; and an 

additional discount of 33% will be applied due to the expiration of patent protection. (47, 

48) Therefore, our analysis assumed that branded PCSK9 inhibitor drugs will be discounted 

by 35% after their first year on the market; after 2028, PCSK9 inhibitor drugs are discounted 

by an additional 33%, resulting in a 57% total discount.(47, 49) All costs outcomes were 

adjusted to 2015 US dollars.

2.3 Uncertainty

Three different approaches of sensitivity analysis were performed to evaluate the robustness 

of our results. Probability sensitivity analysis was used to adjust the parameter uncertainty 

surrounding clinical effectiveness, which was estimated with the wide confidence intervals 

of the meta-analyses results shown in Table 1. This uncertainty will likely diminish as more 

clinical trials are conducted and samples increase but needs to be accounted for in our 

analyses. To do so, we drew random values from the distributions of relative-risk estimates 

of effectiveness reported in the literature for each repetition of simulations. In detail, we first 

drew 200 sets of risk-ratio estimates from log-normal distributions and conducted separate 

simulations for each set of estimates; then we computed the results from the 200 simulations 

and sorted them for all outcomes of interest. As a result, the point estimates of our results 

correspond to the mean of each variable of interest across the 200 simulations. The bounds 

of the 95% confidence intervals correspond to the fifth lowest and highest results from the 

sorted estimates of the 200 simulations. These intervals can be interpreted as the 95% 

confidence intervals with regard to the clinical uncertainty of the effectiveness of PCSK9 

inhibitors. Additional scenarios were generated to adjust the structural uncertainty of the 

model assumptions, in terms of eligibility criteria and effect size of PCSK9 inhibitors. One-

way sensitivity analysis was performed to examine how the results would differ with 

changes in drug cost, disutility weights, and discount rate parameters. Details can be found 

in Appendix A.
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3 RESULTS

3.1 LIFE EXPECTANCY, QUALITY OF LIFE, AND FUNCTIONAL STATUS

Our cohort simulations revealed that PCSK9 inhibitor use would significantly increase life 

expectancy, disability-free life expectancy and quality of life, and reduce the incidence of 

heart disease. Table 1 summarizes how the scenarios would affect key health indicators over 

the life course of nationally representative 51-year-olds in comparison to the current 

standard of care (the status quo scenario).Compared to the status quo scenario, the cohort is 

expected to live on average 1.1 years longer under the FDA-approved PCSK9 inhibitor 

scenario and 1.9 years longer under the extended PCSK9 inhibitor eligibility criteria (Table 

2).

The cumulative incident cases of cardiovascular disease by age 79 were predicted for 1,000 

individuals without prior cardiovascular disease at age 51. Because of the efficacy of PCSK9 

inhibitors on mortality reduction, individuals are estimated to live longer and develop 

chronic diseases. Given that the majority of people under FDA-approved eligibility have 

existing heart disease, the risk reduction of PCSK9 inhibitor on the first heart disease was 

diluted by the mortality effect, which resulted in only 7.7 less cases in every 1,000 people as 

compared to the status quo scenario, which was attributable to the population with FH or 

stroke but without existing heart disease. When the eligibility is extended to those without 

prior heart disease but are high-risk equivalent, PCSK9 inhibitors would lead to 40.3 fewer 

cases of heart disease. We would expect a greater incidence of other chronic conditions, 

including diabetes, hypertension, stroke, and cancer. Consequently, under the current 

eligibility scenario, among the 1.1 additional life years attributable to PCSK9 inhibitors, 

people live only 0.4-year in a healthy state.

Figure 2 displays the results of population simulation analyses, where we predicted the 

effects of PCSK9 inhibitor use on the prevalence of heart disease (Figure 2A) and disability 

(Figure 2B) from year 2016 through the next four decades and compared the forecasted 

results in the status quo scenario with the PCSK9 inhibitor scenarios. Due to longer life 

expectancy of individuals with heart disease, in 2036, the prevalence of heart disease is 

projected to increase by 0.8 percentage points under current eligibility, compared to the 

status quo. In contrast, prevalence of heart disease is projected to fall by 1.5 percentage 

points relative to the status quo under extended eligibility, in which individuals use PCSK9 

inhibitors to prevent the onset of heart disease. Due to the extension of life expectancy and 

the reduced risk of heart disease, we estimated 1.2 million to 2.5 million more members of 

the healthy population in each PCSK9 inhibitor scenario than those in the status quo 

scenario in 2036.

3.2 Cost-effectiveness

We projected the expected lifetime medical costs for our cohorts at age 51 and estimated the 

value of health benefits against medical costs. We used a 3% discount rate as base-case to 

compute present values from the age of 50 for both costs and benefits. We considered the 

value per QALY gained as $150,000, which is an acceptable threshold of three times the 

U.S. gross domestic product (GDP) per capita, as recommended by the World Health 
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Organization.(50) Compared with the status quo, the values associated with QALYs gained 

are estimated to be $45,900 higher in the FDA-approved eligibility scenario and $83,900 

higher in the extended eligibility scenario. Under the FDA-approved indications, the 

additional healthcare costs, including the drug cost of PCSK9 inhibitors are estimated to be 

$40,100 compared to the status quo. In the extended eligibility scenario, we estimated a 

larger additional incremental healthcare cost ($69,800) due to the effect on longevity from 

more people receiving PCSK9 inhibitors. Compared to the status quo, PCSK9 inhibitors 

generated an average $132,000 and $125,900 per additional QALY gained in the FDA-

approved eligibility and extended eligibility scenarios, respectively. The net value of PCSK9 

inhibitors is estimated to be $5,800 in the FDA-approved eligibility scenario but is 

significant at a 0.10 level, while the value in extended eligibility scenario is $14,100 and 

significant at a 0.05 level. (Table 3). Incremental QALYs gained under the extended 

eligibility scenario relative to the FDA-approved eligibility scenario would cost on average 

$120,400 per QALY and provide $8,200 of net value per capita (Appendix Table A4).

At the population level, the aggregate incremental medical costs in both PCSK9 inhibitor 

scenarios were estimated to outweigh the total value of QALYs gained in the first eight years 

(Figure A2 in the Appendix A). However, the net values become positive since year 2026 in 

both scenarios and are projected to grow after the drugs go off patent. The FEM projected a 

cumulative net present value of $0.54 trillion in the PCSK9 inhibitor current eligibility 

scenario and $0.90 trillion in the extended eligibility scenario by 2036.

3.3 Sensitivity analysis

Five other scenarios were created to account for additional sources of uncertainty 

surrounding our simulations. The results of these analyses are presented in Appendix A. 

Most scenarios resulted in similar or less favorable net values for PCSK9 inhibitors, as 

compared with our baseline results. The net values of PCSK9 inhibitors become negative if 

only 10% of the population eligible for PCSK9 inhibitors was statin-intolerant and used 

PCSK9 inhibitors. For the FDA-approved scenario, higher positive net values and favorable 

ICERs were observed when using the clinical effectiveness estimated from the relationship 

between the LDL-C reduction and the risks of event, instead of using estimates from the 

PCSK9 inhibitor meta-analysis. In general, despite that, the base-case estimate is sensitive to 

assumptions in eligibility criteria and the effect size of the drugs, with the average net value 

per capita ranging from -$3,600 to $11,400 under the FDA-approved eligibility and from 

$-900 to $12,900 under extended eligibility; the mean ICER estimates in the scenarios were 

all below or equal to $150,000 per QALY gained (Table A9).

In one-way sensitivity analyses varying drug cost, utility weight, and discount rate, estimates 

are most sensitive to the cost of PCSK9 inhibitors (Table A11). If patients have no access to 

the discount for the PCSK9 inhibitors during the patent protection period, the net value of 

PCSK9 inhibitors would be small under the FDA-approved eligibility.

4 DISCUSSION

Our study estimates the economic value of PCSK9 inhibitors for the United States over the 

next 40 years and demonstrates that use as indicated could substantially improve health 
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outcomes among Americans over age 50, including reducing the incidence of cardiovascular 

disease and extending life expectancy. Assuming current discounted prices, treatment with 

PCSK9 inhibitors for older Americans under current indications yield substantial net 

benefits. When analyzing a cohort of 51-year-olds living in 2016, PCSK9 inhibitors used 

under FDA-approved indications are estimated to yield a lifetime net value of $5,800 per 

capita (which is significant at a 0.10 level). Interestingly, PCSK9 inhibitors are estimated to 

generate a higher lifetime net benefit, up to $14,100 per capita, when use is extended to 

people without a history of CVD but who are at risk of developing the disease. Given our 

comparator—the status quo scenario of treatment strategies to manage 

hypercholesterolemia, which include not only statins but also other interventions such as 

ezetimide, diet, or exercise under current clinical guidelines—our study informs potential 

values of PCSK9 inhibitors to the healthcare system in addition to the current standard of 

care.

Adding PCSK9 inhibitors to the treatment arsenal is also cost-effective, even with broad 

eligibility criteria. We estimate an incremental cost-effectiveness ratio (ICER) of $132,200 

under current FDA-approved indications and $125,900 under extended eligibility, which fall 

well within the accepted range for well-known recent innovative therapies. In the case of the 

new oral anticoagulant dibigatran for stroke prevention, the ICER was reported as $143,000 

versus traditional warfarin therapy in elderly Americans. In another example, the novel 

hepatitis C treatment, sofosbuvir, showed ICERs ranging from $9,700 to $284,300 

depending on the patient's status with respect to treatment history, HCV genotype, and 

presence of cirrhosis. (51–53)

Although evidence of the effectiveness of PCSK9 inhibitors continues to accumulate, the 

drug poses a challenge for payers and policymakers who have raised concerns about price 

and short-term affordability.(26, 27, 54) Our results suggest that PCSK9 inhibitors would 

increase lifetime medical spending because of increased drug costs and the impact of 

PCSK9 inhibitors on extending life, ultimately increasing economic burdens from higher 

risk of comorbidities accompanying natural aging. We also find that the value of PCSK9 

inhibitors is sensitive to the price of this new drug. Therefore, if consumers have access to a 

discounted price for the drug, the value of health gained could outweigh costs over the long 

term and more generous coverage criteria for PCSK9 inhibitors would potentially generate a 

higher net value, under the assumption that the efficacy of these drugs in CVD incidence and 

overall mortality are consistent with the current evidence among PCSK9 inhibitor users.

In a recent study, Kazi et al. estimated an incremental cost of about $150,000 per QALY 

gained for PCSK9 inhibitors compared with adding ezetimibe to statins (25) when the price 

of PCSK9 inhibitor is $6,810 per year, which is close to the price level we assumed when 

the drug goes generic. The discrepancy in results also can be explained by the model 

parameters and assumptions. First, their model contains only CVD-associated health and 

health spending outcomes; they did not capture disability or costs attributable to 

hypertensive heart disease, peripheral arterial disease, or other non-cardiovascular outcomes 

associated with atherosclerotic cardiovascular disease. Therefore, they likely underestimated 

the cost savings and QALY gains associated with PCSK9 inhibitors, while the FEM medical 

spending module covers a wider range of spending from all associated comorbidities, 
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mortality, and disabilities. Second, their study assumed perfect long-term compliance to 

therapy, potentially overestimating the outcomes of their control group and resulting in 

lower effectiveness in the PCSK9 inhibitor group. In contrast, our status quo scenario 

represents the current strategies and treatment for hypercholesterolemia in the United States, 

which is more representative of real-world practice. Our study also considers a gradual take-

up of this new class of drug, which might cause lower incremental costs from PCSK9 

inhibitors but is closer to reality when adopting a novel medical technology.

Our study has several limitations. First, as reflected by the wide confidence intervals around 

our results, there remains uncertainty regarding the clinical effectiveness of PCSK9 

inhibitors. Our results reflect the uncertainty from existing meta-analyses that aggregate 

results across several trials, but the evidence is still deficient. For instance, a recently 

published trial, focusing on long-term cardiovascular outcomes (FOURIER study) raised 

questions about the validity of some of our parameters.(55) This new study found risk 

reductions on stroke, which we did not include, but did not find an all-cause mortality 

reduction among patients with clinically evident cardiovascular disease, even though 

significant reductions in aggregated major cardiovascular events were achieved. While the 

study adds important new information about the effectiveness of PCSK9 inhibitors, it was 

not sufficiently powered to estimate overall mortality within a short follow-up period (on 

average 2.5 years). In addition, the trial enrolled healthier and younger patients than the real 

world, who are at lower risk of CVD events and might benefit less from aggressive 

secondary prevention. Similar with other randomized controlled trials literature we used to 

estimate the health effects of PCSK9 inhibitors, the effectiveness might not be generalizable 

to the real world and might differ from clinical trial settings due to lower adherence with 

drug therapy. A recently published commentary also highlighted the importance of using 

real-world data to estimate the efficacy of the new technologies when performing cost-

effectiveness analyses, to provide more valuable results for a comprehensive population of 

people who could benefit from the interventions.(56) Thus, more evidence is needed to 

clarify the long-term health benefits of PCSK9 inhibitors. In addition, since the FEM did not 

model second CVD events, we might underestimate health benefits of PCSK9 inhibitors for 

those with prior CVD. The potential cost reductions and quality of life improvements due to 

avoided secondary CVD events are ignored in a secondary prevention setting, while the 

additional costs we find are likely overestimated. In addition, in the FEM we didn’t estimate 

the medical spending due to a specific diagnosis or event; therefore, a limitation of our study 

is the inability to estimate costs of cardiovascular events avoided by the treatment. Lastly, we 

assumed that the relevant treatment population for PCSK9 inhibitors included persons on 

cholesterol-lowering therapies who were not at goal LDL-C. In reality, many patients are 

either not at maximally tolerated doses or are non-adherent with their current therapies.(57) 

Optimizing therapies may reduce the size of the population who could potentially benefit 

from PCSK9 inhibitors, and our estimates may be an upper bound of the value of PCSK9 

inhibitors in these populations. Also, other interventions besides PCSK9 inhibitors could be 

considered as comparators for cholesterol management, such as more aggressive lifestyle 

changes relevant to risk factors.

In sum, CVD imposes an enormous health burden on the older population in the United 

States. Although PCSK9 inhibitors are expected to increase healthcare spending, our study 
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estimates the value of health gains outweighs the costs, based on the best available evidence 

of the drugs’ health impact. In addition to current FDA-approved indications, our study also 

suggested potential greater value if more people gain access to this new class of drugs.
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Refer to Web version on PubMed Central for supplementary material.
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Highlights

i. What is already known about the topic?

1. Proprotein convertase subtilisin/kexin type 9 (PCSK9) inhibitors 

have been approved by the U.S. Food and Drug Administration 

(FDA) as cholesterol-lowering therapies in a secondary prevention 

setting for persons with familial hypercholesterolemia or 

atherosclerotic cardiovascular disease.

2. Although evidence has shown an effect on mortality and primary 

cardiovascular disease prevention for PCSK9 inhibitors, the cost-

effectiveness of these novel therapies has been debated due to the 

drugs’ high price.

ii. What does the paper add to existing knowledge?

1. We add to the literature regarding the uncertain long-term economic 

value of PCSK9 inhibitors by estimating the benefits and costs of 

their utilization by the FDA-approved patient population, accounting 

for the uncertainty of the clinical effectiveness of PCSK9 inhibitors.

2. In addition to FDA-approved use, our study estimates the potential 

value of PCSK9 inhibitors as a primary prevention therapy for 

cardiovascular disease.

iii. What insights does the paper provide for informing healthcare-related 

decision making?

This study estimates the potential gains to society if all patients currently 

indicated to use PCSK9 inhibitors had access to them at discounted 

prices. Our estimates suggest greater access would lead to substantial net 

benefits to society.
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FIGURE 1. 
Projected Populations Eligible for PCSK9 Inhibitors by Statin-benefit Groups (SBGs), Year 

2016 and 2036*

*Individuals in statin-benefit groups (recommended by ACC/AHA guidelines) who failed to 

achieve a goal LDL-C level (≥ 70 mg/dL) and who regularly take lipid-lowering therapy are 

potentially eligible for PCSK9 inhibitor use until age 80. Current Elig refers to the current 

eligibility criteria for PCSK9 inhibitors, corresponding to FDA approval. Extended Elig 

refers to the extended eligibility for PCSK9 inhibitors, using PCSK9 inhibitors as primary 

prevention therapy for those without clinical CVD but who possess CVD high-risk 

equivalents. CVD risk equivalents refer to individuals with a clinical diagnosis of diabetes 

and estimated 10-year CVD risk higher than 7.5%. CVD: Cardiovascular disease, defined as 

any diagnosis of congestive heart failure, coronary heart disease, angina, heart attack, and 

any other heart diseases. FH: familial hyperlipidemia, defined as those with LDL-C levels 

≥190 mg/dl.
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FIGURE 2. 
The Long-term Health Impacts of PCSK9 Inhibitor Use on U.S. Population Aged over 50*

Figure 3A compared the projected prevalence of heart disease, and Figure 3B compared the 

projected millions of healthy individuals with the status quo and two PCSK9 inhibitor 

scenarios. * Individuals in statin-benefit groups (recommended by ACC/AHA guidelines) 

who failed to achieve a goal LDL-C level (≥ 70 mg/dL) and who regularly take lipid-

lowering therapy are potentially eligible for PCSK9 inhibitor use until age 80. Among the 

PCSK9 inhibitor-eligible population, the actual assignment of PCSK9 inhibitor use was 

phased-in with a probability of zero starting from year 2014 and linearly increased to 1 

through year 2020. PCSK9 inhibitor Current Eligibility refers to current FDA-approved 

eligibility criteria for PCSK9 inhibitors. Extended Eligibility refers to using PCSK9 

inhibitors as primary prevention therapy for those without clinical CVD but who possess 

CVD high-risk equivalents. Healthy individuals refers to those reporting no instrumental 

activity of daily living or activity of daily living limitations and not living in a nursing home. 

Heart disease includes any diagnosis of congestive heart failure, coronary heart disease, 

angina, heart attack, and any other heart diseases.
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Table 1

Key Input Parameters Used In the Model

Parameters Base-case Reference Range for sensitivity
Analysis

Type of sensitivity analysis

Effect size

Relative risk of events for PCSK9 
inhibitor versus standard of care based 

on the Phase III clinical trials1

Probabilistic sensitivity analysis 
performed by drawing random values 

from the confidence intervals for 
relative-risk estimates of the base-case 

estimate for each repetition of 
simulations.

      Overall mortality 0.45 Navarese EP et al., 
2015

[0.23 – 0.86]

      Major cardiovascular events 0.54 Lipinski MJ et al., 
2016

[0.38 – 0.77]

Costs (in 2015 dollars)

Annual drug costs for PCSK9 
inhibitors

      Original cost $14,350 Red Book Online [10,763, 17,938]

      Discounted cost due to rebate and 

the entry of competitors2
$9,328 Tirrell M et al., 

2015
[6,996, 11,660] One-way sensitivity analysis based on 

+/− 25% of the base-case estimates.

      Cost without patent protection 

(after year 2028)3
$6,249 Conti RM et a., 

2014
[4,686, 7,811]

Utility weights

      Disutility due to injection, per 
patient

0.004 Matza LS et al., 
2013

[0.003, 0.005] One-way sensitivity analysis

Discount rate 3% [1%, 5%] One-way sensitivity analysis

1
The base-case assumed a constant relative reduction in the risk of overall mortality and major cardiovascular event, independent of how long the 

patients were treated by PCSK9 inhibitors. This was estimated from the most recent meta-analysis of PCSK9 trials that reported the end point. 
There were too few strokes in the short-term PCSK9 trials, so we didn’t consider the benefit in stroke with PCSK9 inhibitors.

2
The cost is calculated as $14,350 multiplied by 0.65 (a 35% discount).

3
The cost is calculated as $14,350 multiplied by 0.65, then multiplied by 0.67 (an additional 33% discount).
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