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Abstract

Background: Approximately 1 in 11 people are intolerant to statins. There have been no studies
evaluating the cost-effectiveness of early intervention for primary prevention of cardiovascular disease
(CVD) with three non-statin drugs (ezetimibe, proprotein convertase subtilisin—kexin type 9 inhibitors
(PCSKJ9i; inclisiran and evolocumab), and bempedoic acid). We aimed to evaluate the cost-effectiveness

of these therapies when initiated at age 40 years.

Methods: We used a published microsimulation model populated with 108 statin-intolerant individuals.
The model simulated the ageing of individuals from 40 to 85 years. We calculated the incremental cost-
effectiveness ratio (ICER) when non-statin lipid lowering strategies were initiated at age 40 years
compared to no intervention until a cardiovascular event. ICERs were compared to Australian and UK
cost-effectiveness thresholds of 28,000 AUD and 25,000 GBP per QALY gained, respectively. We
adopted each countries national healthcare system perspective (2022 AUD/GBP) and discounted health

economic results by 5% annually for Australia and 3.5% annually for the UK.

Results: At current prices in Australia, ezetimibe was cost-effective in 34/108 (31.4%) individuals
simulated; bempedoic acid in 17/108 (15.7%); bempedoic acid and ezetimibe in combination in 14/108
(13.0%); whilst inclisiran and evolocumab were not cost-effective in any individuals. Corresponding
numbers for the UK were 98/108 (90.7%); 5/108 (4.6%); 11/108 (10.2%); 0/108 (0.0%); and 0/108
(0.0%). Cost-effectiveness of bempedoic acid was predominantly among individuals with an LDL-C of at
least 4.0 mmol/L. and systolic blood pressure of at least 140 mmHg in Australia and 5.0mmol/L. and 160

mmHg in the UK, respectively.

Conclusion: Ezetimibe and bempedoic acid, both alone and in combination, are cost-effective for long-
term primary prevention of CVD in a range of people with statin-intolerance, depending on their baseline

risk of CVD.






Lay Summary

Approximately 1 in 11 people are intolerant to the main drug used to lower cholesterol, statins, but there
have not been any studies looking at the cost-effectiveness of the drugs available to treat people who can’t
take statins. We assessed the cost-effectiveness of five strategies to lower cholesterol in Australia and the

UK. We found:

e The lifetime risk of having a heart attack or stroke is much lower when therapy is initiated early
in life compared to not at all.
e Lots of people could benefit (in a cost-effective way) from the drugs we tested, including the new

drug known as bempedoic acid.



Introduction

Cardiovascular disease (CVD) remains a leading cause of morbidity and mortality worldwide.' A key
strategy for prevention of CVD is early lowering of low-density lipoprotein-cholesterol (LDL-C):
exposure to high levels of LDL-C over time causes cumulative damage to arteries and elevates the risk of
CVD.>* We have recently shown that using statins to lower LDL-cholesterol (LDL-C) early in life is not
only a more effective, but also a more cost-effective strategy than lowering LDL-C later in life for

primary prevention of CVD.*

However, approximately 1 in 11 people are intolerant to statins,” meaning other lipid-lowering
strategies will be required to lower LDL-C in these people. There are three available non-statin
pharmacological lipid lowering strategies that have been shown to reduce CVD risk: ezetimibe,®
proprotein convertase subtilisin—kexin type 9 inhibitors (PCSK9i),” and bempedoic acid.? However, to our
knowledge, the cost-effectiveness of these therapies for early primary prevention of CVD across a range

of people who are intolerant to statins (rather than just high-risk primary prevention groups) has not been

studied.

Therefore, in the present study, we used the health economic model for the primary prevention of
cardiovascular disease (HEM-PPCVD)® to evaluate the cost-effectiveness of five lipid-lowering strategies
(ezetimibe, bempedoic acid, bempedoic acid and ezetimibe, inclisiran (PCSK9i), and evolocumab
(PCSK9i)) initiated at age 40 years from the Australian public health system and UK National Health

Service perspectives.



Methods

All analysis syntax and a more detailed explanations of the methods are available in an online protocol
(link TBD). All analyses were conducted in Stata, Version 17.0 (StataCorp, Texas, USA). We have

completed this study in accordance with the CHEERS statement. "
Model overview

Construction, calibration, and validation of the HEM-PPCVD has been previously described in detail.’
Briefly, the HEM-PPCVD is a microsimulation model, based on the UK Biobank (n~480,000), that
simulates the ageing of individuals in 0.1-year cycles from 40 to 85 years. The model tracks incident and
repeat fatal and non-fatal myocardial infarction (MI) and stroke, diabetes, and death. The model has the
following health states: No CVD or diabetes; MI, stroke, and diabetes; all combinations thereof; and
death. In the model, risk of MI, stroke, diabetes, and death is influenced by LDL-C, systolic blood
pressure (SBP), diabetes (yes/no), and smoking. For LDL-C, SBP, and smoking, the model incorporates
the cumulative impact of these risk factors, via simulation of lifetime trajectories, on MI, stroke, and

certain causes of death.

The association between each risk factor and clinical outcome was derived from Mendelian
randomisation studies. Mendelian randomisation quantifies the effect of each risk factor over the lifetime;
for LDL-C, we applied these estimates by assuming that age and sex-specific CVD risk was proportional
to the weighted mean cumulative LDL-C at a given age, an assumption consistent with the literature.®

This was done using the formula



The primary source for the epidemiological data for the model was the UK Biobank study,
which contains clinical and demographic data for over 500,000 participants who enrolled between 2006
and 2010 and with follow-up data available up to 2021. Data on the lifetime risk of diabetes were derived
from Pal et al.”” The remaining inputs — the effect of risk factors on CVD outcomes, utilities, costs, and
interventions — were all sourced from published studies. We were not aware of any evidence to suggest
that people with statin intolerance have different risk factor values, CVD risk (in the absence of statin
use), or response to therapy that would warrant specific study of a statin-intolerant population; thus, we
have assumed people with statin intolerance (our model population) can be represented by these studies.
However, we were unaware of an Australian dataset comparable to the UK Biobank in which we could
validate our model in an Australian setting. All model inputs are listed in Table 1 and Supplementary

Tables 1-3.

Population, intervention, and control

To determine the cost-effectiveness of non-statin lipid-lowering therapies across a range of individuals,
we simulated individuals with all possible combinations of the following risk factors: LDL-C of 3.0, 4.0,
and 5.0 mmol/L; SBP of 120, 140, and 160 mmHg; with and without diabetes; and current, previous, and
never smoker (54 unique risk factor profiles). We elected to use simulated individuals, and not actual
individuals, to present more specific assessments of cost-effectiveness at a given risk factor profile, given
that it there were no risk factor thresholds for this study that could be arrived at a priori. We present
outcomes as specific to each one of these individuals (simulated 10,000 times), stratified by sex. We
simulated individuals from age 40 years (30, 50, and 60 were simulated in scenario analyses), as our

previous study showed this was the most cost-effective age to intervene in primary prevention.*

There were five interventions in this study: 1) ezetimibe 10 mg daily; 2) bempedoic acid 180 mg
daily; 3) bempedoic acid 180 mg and ezetimbe 10 mg both daily; 4) inclisran 284 mg twice yearly; and 5)
evolocumab 140 mg every 2 weeks; the control scenario in the base case was no lipid-lowering therapy,
given that none of the above therapies have previously been shown to be cost-effective for the primary
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prevention of CVD with use beginning at younger ages. Nevertheless, because ezetimibe is already
widely available in both Australia and the UK, we also compared all other intervention scenarios to
ezetimibe in a secondary analysis. Dosing of each intervention was selected as either the only available or
most effective form of the intervention. In each intervention, the medication was initiated at screening at
age 40 years. The interventions were assumed to mediate their effects on CVD only via their effects on
LDL-C. The LDL-C lowering effects of the interventions were as follows. Ezetimibe 10 mg reduced
LDL-C 18.6% (17.5, 19.7), which was derived from a systematic review and meta-analysis of placebo-
controlled trials." Bempedoic acid reduced LDL-C 24.9% (22.1, 27.7), again derived from a systematic
review and meta-analysis of randomised trials."* Bempedoic acid and ezetimibe reduced LDL-C 38.0%
(29.6, 46.5), an estimate derived from a randomised clinical trial." Inclisiran reduced LDL-C 51.5%
(49.0, 53.9), an estimate based on a weighted average of the results of the ORION-10 and ORION-11
trials.'® Evolocumab reduced LDL-C by 67.6% (63.9, 71.3), which was derived from a pooled analysis of

phase II trials.”” We assumed full compliance with therapies in the base case analysis.

Quality of life

The utilities used in this study were derived from the EuroQol—five dimensions (EQ-5D) questionnaire. '®
For people in Australia without CVD or diabetes, utility values were derived from a cross-sectional study
of the Australian general population,’ and took age and sex-specific values. The utility for people without
CVD or diabetes in the UK was derived from a study using the Health Survey for England,* and was set
using the following equation: 0.9454933 + 0.0256466 x male — 0.0002213 x age — 0.0000294 x age’. The
chronic utility values for people with diabetes, MI, or stroke were derived from systematic reviews of
utility values for people with these diseases,”* and were set at 0.785 (95%CI: 0.681, 0.889), 0.79 (0.73,
0.85), and 0.65 (0.63, 0.67), respectively; these were applied multiplicatively to the age and sex-specific
values from each country. Chronic disutility values for people with diabetes and MI and diabetes and
stroke were derived from the same systematic review,*! and set at -0.055 (-0.067, -0.042) for diabetes and
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MI and -0.164 (-0.222, -0.105) for diabetes and stroke (and diabetes and MI and stroke); these were
applied additively to the diabetes utility and the resulting utility was multiplied by the age and sex
specific utility for each country. The systematic review for type 2 diabetes was selected as it had a
stringent and hierarchical approach to selection of health state utility values. The systematic reviews for
MI and stroke were selected as the most recent available. Reviews were selected over individual studies

to give more accurate and precise estimates of quality of life.

We also applied acute disutility values for MI and stroke to reflect the drop in quality of life
associated with the events themselves. For MI, this was set at -0.045 (£20%) and applied for 3 months
(2.5 cycles); this value was derived from a clinical trial that assessed quality of life 3 months following an
ML.* For stroke, the acute disutility was derived from a systematic review of utility values in stroke and
was set at -0.12 (+20%) and applied for 3 months (2.5 cycles).” These were applied additively in addition

to the chronic disutility before multiplying by the age and sex specific utility for each country.

Healthcare costs

For the Australian analyses, the Australian public healthcare system perspective was adopted. For the UK
analyses, a National Health Service perspective was adopted. We only included direct costs in both
analyses. All costs were in 2022 Australian dollars ($ hereafter) or 2022 Great British pounds (£
25, 26

hereafter), inflated using the Australian Health Price index or NHS cost inflation index, respectively.

All cost inputs are shown in Table 1.

For Australian costs, the chronic costs of diabetes, MI, and stroke were derived from cohort

studies,?” %

which were selected as the most recent costing studies for these conditions in Australia. The
acute cost of non-fatal MI and stroke were derived from an Australian linked data study of people with

diabetes (but the costs were assumed to be applicable to people with and without diabetes).?® Annual costs

of ezetimibe and evolocumab were derived directly from the Australian Pharmaceutical Benefits Scheme
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in June of 2022.* Because they are not currently available on the PBS, the annual cost of bempedoic acid
was derived from a previous health economic analysis,* and the annual cost of inclisiran was assumed to

match that for evolocumab.

For UK costs, the chronic costs for all health states were derived from a study by Public Health
England (Table 1).** The acute costs of MI and stroke were derived from the UK National Health Service
Cost Schedule in 2021/22.* Fatal MIs and strokes were assumed to result in hospitalisation 23% and 84%
of the time (in both Australia and the UK),? and acute event costs were adjusted accordingly. The annual
costs of ezetimibe, bempedoic acid, bempedoic acid and ezetimibe, and evolocumab were derived from
the NHS drug tariff.> The annual cost of inclisiran was derived from the NHS dictionary of medicines

and devices, actual medicinal product pack.®
Outcomes

We tracked incident MI, stroke, and diabetes, repeat MI and stroke, years of life lived and quality
adjusted life years (QALYSs) in each health state, and acute and chronic healthcare costs. These were used
to generate our primary outcome, the incremental cost-effectiveness ratio (ICER), defined as the
incremental healthcare costs divided by the incremental QALYSs for each individual for the intervention
versus control. All health economic outcomes underwent discounting at 5% per year in Australia, per

Australian guidelines,® and 3.5% in the UK, per UK guidelines.”

Total QALYsSs, healthcare costs, and the ICERs were presented for all individuals. Full results and
results of sensitivity analyses were presented for a single, moderate-risk individual (with an LDL-C of 4.0
mmol/L, SBP of 140 mm Hg, no diabetes, and past smoker; individual 26) because there were too many
results to present each for every individual. We summarised results by presenting the number of
individuals in which each intervention was cost-effective, using a willingness-to-pay threshold of $28,000
per QALY for Australia® and £25,000 per QALY (the midpoint of the recommended £20,000 to £30,000

per QALY range in UK guidelines®) for the UK.
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Sensitivity and scenario analyses

We conducted one-way sensitivity analyses and presented the results in Tornado diagrams. We conducted
probabilistic sensitivity analyses using 1,000 Monte Carlo simulations based on the uncertainty in the
model parameters as outlined in Table 1 and Supplementary Tables 1-3; this is the source for 95%
uncertainty intervals (Uls). We also conducted five scenario analyses. In the first three, we varied the age
of intervention to 30, 50, and 60 years, respectively. In the fourth, we assumed adherence to therapy
would drop to 50% immediately after initiation of therapy. In the fifth, we reduced the discounting rate to

0%.
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Results

Base-case

The lifetime risk (to age 85 years) of individuals in the sample ranged from 5% to 93% without treatment,
and treatment lowered risk commensurate with the degree of LDL-C lowering (Table 1 and 2). QALY
gain with treatment was proportional to lifetime risk of CVD and degree of LDL-C lowering (Figure 1
and Supplementary Tables 4-13). In Australia, ezetimibe was cost-effective (at the $28,000 per QALY
threshold) in 12/54 females and 22/54 males (Table 3 and Supplementary Table 4), each of whom was
modelled in 10,000 simulations. Corresponding figures for bempedoic acid, bempedoic acid and
ezetimibe, inclisiran, and evolocumab were 5/54 females and 12/54 males, 4/54 females and 10/54 males,
0/54 females and 0/54 males, and 0/54 females and 0/54 males, respectively (Supplementary Tables 5-8).
Moreover, ezetimibe, bempedoic acid, and bempedoic acid and ezetimibe were dominant (i.e., led to a
gain in QALYs and were cost-saving) in 4/54 females and 10/54 males, 0/54 females and 2/54 males, and
0/54 females and 2/54 males, respectively (Table 3). The risk factor profiles for whom some interventions
were cost-effective were predominantly those with an LDL-C of 5.0 mmol/L. and SBP of 140 or 160
mmHg in females and those with an LDL-C of 4.0 or 5.0 mmol/L and SBP of 140 mmHg or 160 mmHg
in males. When the control group was changed to ezetimibe, bempedoic acid and ezetimibe was cost-
effective in 0/54 females and 4/54 males, and no other medications were cost-effective in females or

males (Supplementary Figure 1 and Supplementary Table 14).

For the UK setting, ezetimibe, bempedoic acid, bempedoic acid and ezetimibe, inclisiran, and
evolocumab were cost-effective (at a £25,000 per QALY threshold) in 46/54 females and 52/54 males,
0/54 females and 5/54 males, 3/54 females and 8/54 males, 0/54 females and 0/54 males, and 0/54
females and 0/54 males, respectively (Table 3 and Supplementary Tables 9-13). Ezetimibe was dominant
in 28/54 females and 43/54 males, while no other interventions were dominant in the base-case. While

ezetimibe was cost-effective among most risk factor profiles simulated, bempedoic acid was cost-
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effective predominantly among individuals with an LDL-C of 5.0 mmol/L and SBP of 160 mmHg. When
the control group was changed to ezetimibe, no other medications were cost-effective in females or males

(Supplementary Figure 1 and Supplementary Table 14).

Scenario analyses

While more CVD events were prevented with earlier intervention, the number of individuals in which the
interventions were cost-effective decreased (relative to the base case of 40 years) when the intervention
was implemented at age 30 years, whereas the number of individuals in which the interventions were
cost-effective increased with intervention at 50 years for Australia, but was similar in the UK for age 50
years and both Australia and the UK from age 60 years (Supplementary Tables 15-17).

Modifying adherence had little effect on cost-effectiveness (Supplementary Table 18).
Conversely, removing discounting increased the number of individuals in whom ezetimibe, bempedoic
acid, and bempedoic acid and ezetimibe were cost-effective, while both PCSK9i remained not cost-

effective in any individual at current prices (Supplementary Table 19).

Sensitivity analyses

Tornado diagrams from one-way sensitivity analysis are shown in Supplementary Figure 2-11. For
Individual 26, the ICER was most sensitive to transition probabilities for MI, the effects of interventions
on LDL-C, the effect of LDL-C on MI, and the chronic utility for people with MI. Results from the
probabilistic sensitivity analysis are shown in Supplementary Tables 20-24 and Supplementary Figures
12-13. Uncertainty around model outcomes was generally low, with cost-effectiveness overwhelmingly

influenced by medication cost.
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Discussion

We have shown that ezetimibe is cost-effective for the primary prevention of CVD in moderate and high-
risk statin-intolerant individuals in Australia, and nearly all individuals simulated in the UK. Bempedoic
acid and bempedoic acid and ezetimibe were also cost-effective in several high-risk individuals in both
countries, especially in Australia. Inclisiran and evolocumab were not cost-effective for primary
prevention of CVD in any simulated individuals, even those with an untreated lifetime risk of CVD as

high as 93%.

Our results build on our prior studies that showed that earlier lowering of LDL-C is cost-effective

compared to lowering of LDL-C later in life,* °

results which support a shift from using short-term
absolute risk to guide selection of people for primary prevention of CVD to initiating early and sustained
lowering of LDL-C in people with a high lifetime risk of CVD. We extend these studies by demonstrating
that in addition to statin-based lipid lowering strategies, ezetimibe, bempedoic acid, and bempedoic acid
and ezetimibe can also be cost-effective when statins are not tolerated. It is important to note that, when

statins are tolerated, they are more efficacious than ezetimibe and bempedoic acid and should remain first

line lipid lowering therapy in this setting.*

However, for both the PCSK9i we tested, the high current prices meant that they were not cost-
effective in any of the individuals tested, including those with an extremely high lifetime risk of CVD.
PCSKOi have not been found to be cost-effective in the secondary prevention populations of Australia or
the UK either,*** suggesting price reductions will be needed if the benefits of these medications are to be
made available to the public (we expect this will likely need to be at least a 70-80% price reduction, to
bring prices closer to bempedoic acid and ezetimibe given the comparable efficacy). Nevertheless,
PCSKOi are significantly more effective and could lead to much higher long-term adherence than oral
therapies to lower LDL-C (although this has never been shown),” meaning find cost-effective ways to

make these therapies available for the primary and secondary prevention settings is an important priority.
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It is also worth noting that discounting rates in both Australia and the UK markedly impacted
cost-effectiveness estimates — our scenario analysis without discounting showed a major increase in the
number of people for whom bempedoic acid and bempedoic acid and ezetimibe in combination would be
cost-effective. Evidently, constant discounting has implications for the choice between acute and
preventive interventions. Future studies should consider how current discounting practices influence the
cost-effectiveness of preventive interventions. In addition to discounting, the contrast between the results
in Australia in the UK demonstrates that the economic impact of medications is highly influenced by drug

pricing practices in a country.

The main strength of this study is the use of the HEM-PPCVD, which was based on a very large
population, simulates lifetime trajectories of risk factors, and accounts for cumulative changes in risk
using causal data from Mendelian randomisation studies. There are, nevertheless, limitations of this study
that warrant mention. First, we have assumed that people with statin intolerance do not differ
systematically from the general population in terms of risk factor values, CVD risk (in the absence of
statin use), or response to therapy. We are aware of no evidence to suggest that they do. Second,
Mendelian randomisation is not a substitute for a randomised clinical trial, and while a clinical trial of the
length represented by our model will never be conducted, our results should nevertheless be interpreted
with this limitation in mind. Third, the epidemiological structure of the HEM-PPCVD was based on a UK
population, which may not be representative of the Australian population; there is no study comparable to
the UK Biobank in Australia and thus we could not validate the HEM-PPCVD in an Australian context.
Indeed, the lifetime risk of type 2 diabetes and MI are both higher in Australia than the UK,** which
could have led to overestimation of cost-effectiveness in the Australian analyses. Conversely, the UK
Biobank has a considerable health volunteer bias,* which would have led to underestimation of cost-
effectiveness in both Australian and the UK. Fourth, this population is also predominantly of European
ancestry, which may limit generalisability. Fifth, the HEM-PPCVD only includes MI and stroke as

CVDs, but it is likely that other CVDs would be influenced by LDL-C lowering.® Sixth, the results apply
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only to the individuals we simulated — higher risk populations, such as people with familial
hypercholesterolaemia or existing CVD, will require other analyses. Finally, we did not account for

intolerance to the non-statin drugs we simulated.

In conclusion, ezetimibe and bempedoic acid, both alone and in combination, are cost-effective
for primary prevention of CVD in a range of people with statin-intolerance, depending on their baseline
risk factors and lifetime risk of CVD. Conversely, PCSK9i were not cost-effective at current prices. It
may be worthwhile reconsidering pricing practices to address the priority of long-term treatment to lower
LDL-C in the primary prevention population, thereby maximising the availability of therapies and clinical

benefits in this population.
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