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gent need to rein in runaway healthcare costs. High pharmaceutical costs make drugs unaffordable to many pa-
tients who may benefit from them, including some insured patients who face prohibitive out-of-pocket costs.
Health systems and payers can use the systematic framework of cost-effectiveness analysis and estimated bud-
getary impact to prioritize the adoption of new therapies and technologies. In this review article, we discuss basic
principles of cost-effectiveness research for practicing clinicians, the concept of cost-effectiveness versus afford-
ability, other considerations relevant to resource allocation, and limitations of cost-effectiveness research.Weuse
the example of lipid lowering therapies to discuss application of cost-effectiveness research in informing health
care policy, its use for health care systems and in the development of clinical practice guidelines, and its implica-
tions for clinicians and patients. As clinicians and patients becomemore cognizant of the cost-implications of new
therapies, professional societies can help improve the quality of decision-making by incorporating unbiased
value statements into their expert guidelines.
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Background

Much has been written about the fact that the United States (US)
spends an inordinate amount of money on healthcare.1 In 2017, the
US spent about 18% of its gross domestic product on healthcare,
amounting to $10,224 per person. After adjusting for purchasing
power, this was twice as high as the average healthcare expenditure
of all high-income countries. Nevertheless, the fact that the US spends
a lot more on healthcare than its peers does not automatically imply
the US spends “too much” on healthcare. The world's largest economy
may choose to spendmore on healthcare as a reflection of its principles
and priorities.2–4 Perhaps we value healthcare more than other coun-
tries, believe that our health system yields gains that justify the cost,
or choose to provide financial incentives for healthcare innovation. In
that case, our health expenditures, however high, would not be consid-
ered excessive.

The evidence, however, suggests otherwise.5 Despite the high
levels of per capita healthcare spending, health outcomes in the US
lag behind those of our peer countries. Furthermore, national aver-
ages conceal substantial geographic and demographic differences:
underserved populations (such as rural, black, poor, or LGBTQIA+
populations) having substantially worse outcomes than other more
privileged sections of the population.6,7 Many US adults remain un-
insured or underinsured, and do not have access to the high-cost in-
novation that our health system supposedly incentivizes. The US
price of prescription drugs is three times that of the same drugs in
the United Kingdom (UK), and even insured patients in the US face
prohibitively high (and somewhat unpredictable) out-of-pocket
costs for prescription drugs.8 High out-of-pocket costs are an impor-
tant barrier to long-term adherence to medications, so newer medi-
cations that are more efficacious than older medications in clinical
trials may have lower effectiveness in the real world because older
treatments frequently have lower out-of-pocket costs and therefore
higher long-term adherence.9 Health systems that care for a dispro-
portionate number of underinsured or uninsured patients frequently
teeter on the brink of insolvency, and payers themselves have had
enormous challenges keeping up with soaring healthcare expendi-
tures that are rising faster than the general economy. Finally, there
is also the increasing bipartisan concern that rising healthcare costs
are siphoning away money better spent elsewhere in the economy
such as public education, environmental sustainability initiatives,
or even recreation (the concept economists refer to as “opportunity
cost”). This has led to growing cost-consciousness among all stake-
holders, and an increasing demand for a systematic framework to
optimally allocate scarce healthcare resources. Although the field of
cost-effectiveness research has existed for several decades and its
role is deeply entrenched in other health systems like the UK,
Canada, and Australia, it is only now gaining prominence within
the US health system. Recent successful efforts to use cost-
effectiveness data to argue for large reductions in medication prices
has further contributed to the growing stature of cost-effectiveness
research in the US.10,11

In this manuscript, we review the core principles of cost-
effectiveness analysis and its application to the management of
dyslipidemia. We distinguish between cost-effectiveness (a mea-
sure of efficiency) and affordability (a reflection of the health
system's budget constraint). We examine available economic eval-
uations of lipid-lowering therapies from the US health system per-
spective. Finally, we make a strong case for the use of high-quality
cost-effectiveness analyses in informing health policy (such as
drug pricing and uptake), and recommend that future practice
guidelines from professional societies summarize available high-
quality economic evaluations for diagnostic and therapeutic strate-
gies and incorporate these cost considerations into their
recommendations.

Principles of cost-effectiveness research cost-effectiveness 101

In order to optimally allocate scarce healthcare resources, one
must be able to quantify the efficiency of various available alterna-
tives. Efficiency in this setting is defined as how much improvement
in health is produced by a given amount of spending. A commonly
used metric for measuring cost-effectiveness is the incremental
cost-effectiveness ratio or ICER.12 As the name suggests, the ICER is
defined as the incremental health gain per unit increase in spending.
Thus, if C1 and O1 represent the total healthcare costs and resulting
health outcomes of a patient receiving the current standard of care,
and C2 and O2 represent the total healthcare costs and resulting
health outcomes of a patient receiving a new therapy, then the
ICER for the new therapy relative to the current standard of care
would be defined as:

ICER ¼ C2−C1
O2−O1

Some important observations follow from the above definition.
First, the ICER is a relative construct. The cost-effectiveness of a

therapy is always defined relative to its comparators. A high-quality
cost-effectiveness analysis must therefore include all potential alter-
natives for the population being studied. For instance, an evaluation
of a new lipid-lowering agent among patients with established ath-
erosclerotic cardiovascular disease (ASCVD) must include all other
lipid-lowering therapies that may be used in that population. If
there are several potential interventions, each intervention is com-
pared with the next best intervention. Because cost-effectiveness
evaluations are sequential (with each intervention compared with
the next best intervention), failure to include a legitimate compara-
tor can distort the ICER values generated and result in misallocated
resources.

Second, the numerator should include all relevant healthcare costs,
not just the cost of the current and new therapy being evaluated, but
any downstream costs.13 For instance, a new lipid-lowering agent may
be substantially more expensive but it may produce fewer side-effects
and, being more effective in reducing low-density lipoprotein choles-
terol (LDL-C), result in fewer major adverse cardiovascular events
(MACE, a composite of cardiovascular death, myocardial infarction
[MIs], and ischemic stroke) downstream. The savings from averted
MACE may offset some of the increased costs of the drug. On the other
hand, if patients live longer due to the new agent, they may consume
more of other kinds of healthcare (e.g., medications for diabetes or
treatment for an unrelatedmalignancy),whichmay increase healthcare
spending. Cost-effectiveness analyses must account for all these
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changes in costs that result from the use of a new therapy. Most cost-
effectiveness analyses are performed from the healthcare sector per-
spective and therefore include all healthcare-related expenditures re-
gardless of who pays for them (e.g., including out-of-pocket costs).
Cost-effectiveness analyses may also be performed from a societal per-
spective, in which case they include any related expenditures outside
the healthcare system such as those related to decreased economic pro-
ductivity related to the disease (e.g., missed days from work due to a
hospitalization or withdrawal from the labor market to care for an un-
well family member). These costs are measured in the local currency
for single-country analyses, or in some standardized currency to facili-
tate comparison when performingmultiple-country analyses, adjusting
for differences in inflation over time or purchasing power across coun-
tries where relevant. In this case, healthcare costs accrued in the control
arm (i.e., among patients receiving the current standard of care) and
those accrued in the intervention arm are estimated separately, and
the difference between the two (C2–C1) entered into the numerator
of the ICER calculation.

Third, the denominator should capture all health outcomes of in-
terest. This may take the form of counts of MACE, life-years, or
quality-adjusted survival. The quality-adjusted life year (QALY) has
gained traction as a useful metric of health outcomes as it can cap-
ture the benefits of interventions that improve survival, quality-of-
life, or both. To estimate QALYs, the quality-of-life of a health state
is estimated on a scale from 0 to 1 where 0 represents death and 1
represents perfect health. A detailed description of the tools used
to elicit quality-of-life estimates and the limitations of QALYs as an
outcome metric is beyond the scope of this discussion, but the inter-
ested reader is referred to a very readable summary produced by the
Second Panel for Cost-Effectiveness in Health and Medicine.14 As-
sume that an individual lives for five years with a quality of life of
0.7 and then dies. In this case, the individual is assumed to have ac-
crued 5*0.7 = 3.5 QALYs. One's quality-of-life may wax and wane
over time (for instance, declining during a year in which one has a
stroke, but recovering partially with rehabilitation), and these can
be captured over time to generate an aggregate estimate of QALYs.
QALYs accrued in the control arm (in this case, among patients re-
ceiving the current standard of care) and those accrued in the inter-
vention arm are estimated separately, and the difference between
the two (O2–O1) entered into the denominator of the ICER
calculation.

Fourth, both costs and outcomes must be measured over an appro-
priate analytic horizon.15 Ideally, one would measure all clinical and
economic consequences over the patients' lifetime. Using shorter-
than-lifetime horizons can have the perverse effect of disadvantaging
interventions where the costs are front-loaded but benefits accrue
over time (e.g., implantable defibrillators). Alternatively, short horizons
may not capture any delayed side effects associated with the interven-
tion. On the other hand, long-term horizons may increase the uncer-
tainty in the estimated ICER because they involve extrapolating
effectiveness and safety data from short-term trials. Long-term horizons
may also be less palatable to decision-makers whomay bemore drawn
to shorter horizons that alignwith political cycles. Our approach for car-
diovascular interventions and policies has therefore been to use the life-
time horizon in the base case (while attempting to fully capture the
ensuing uncertainty from extrapolation of available shorter-term evi-
dence), and using 10- or 20-year horizons in sensitivity analyses. We
discourage the use of analytic horizons shorter than 10 years in
ASCVD analyses, where population-level benefits often accrue over
time.

Finally, ICER is simply a measure of economic efficiency of an inter-
vention relative to the comparator (in dollars per QALY gained). In
order to interpret the ICER, it must be compared with a cost-
effectiveness threshold that reflects how much the health system is
willing to pay for health interventions. An intervention with an ICER
less than the threshold would be considered economically favorable.
For instance, if a health system were willing to pay $50,000 per QALY
gained, an intervention with an ICER of $40,000 per QALY gained rela-
tive to the current standardwould be considered cost-effectivewhereas
onewith an ICER of $200,000 perQALYgainedwould not. Thus, defining
a cost-effectiveness threshold is central to the interpretation of ICERs.
Because of its political reluctance to embrace cost-effectiveness analyses
in the past (out of an unfounded fear of rationing of healthcare re-
sources), the US does not have awell-defined cost-effectiveness thresh-
old. The American Heart Association and the American College of
Cardiology adapted theWorld Health Organizations CHOICE framework
to propose that interventions with ICERs b $50,000 per QALY gained
should be considered “high-value” whereas those with ICERs ≥
$150,000 per QALY gained should be considered “low-value”, with
those with intermediate ICERs be considered “intermediate-value”.16

Although these thresholds, and the WHO CHOICE framework from
which they were derived,17 are somewhat arbitrary and are frequently
criticized as being both too high and not high enough (depending on
stakeholder interests), they are presently the most widely used ap-
proach for interpreting ICERs. Our current practice is to use $100,000
per QALY gained as the threshold for our base case analyses and vary
this between $50,000 and $150,000 per QALY gained in sensitivity
analyses.

The interested reader is also encouraged to view a series of short
but engaging and informative videos on this topic created by UCSF
Professor Emeritus James G. Kahn (total viewing time approximately
45 min).18

Cost-effectiveness versus affordability

At this stage, it is important to distinguish between cost-
effectiveness and affordability. Cost-effectiveness is a measure of effi-
ciency, reflecting how much health can be generated for any given
amount of healthcare spending. In contrast, affordability refers to the
net change in healthcare spending should an intervention be adopted
at the population level.

Budget Impact ¼ Net cost per patient � Number of patients treated

Consider an expensive drug for a rare disease that has an ICER of
$300,000 per QALY gained relative to the current standard of care.
Such a drugmay have a minimal budget impact because only a handful
of patients may be eligible for treatment. It would not be considered
cost-effective because of its high ICER but may be affordable because
of its minor budget impact given the very small number of eligible pa-
tients. An expensive drug for treating Hepatitis C may be cost-effective
(because it avoids downstream liver transplants), but a safety-net
health system that cares for a disproportionate number of patients
with Hepatitis C may not be able to commandeer the dollars needed
to treat all its patients based on its limited pharmaceutical budget.
Such a drug would be cost-effective but unaffordable. Finally, a novel
lipid-lowering therapy that has an ICER of $400,000 per QALY gained
with a potential eligible population of 10 million US adults would be
neither cost-effective nor affordable.

Thus, cost-effectiveness and affordability are related but distinct
properties of an intervention. If one had no budget constraint, one
would adopt every intervention that meets the cost-effectiveness
threshold. In reality, all health systems face budget constraints, and in-
vestment decisions must consider both efficiency (cost-effectiveness)
and affordability (budget impact).

Other considerations relevant to resource allocation

The remainder of this reviewwill focus on the cost-effectiveness and
affordability of lipid-lowering agents. However, it is important to re-
member that optimal resource allocation may require the decision
maker to bear in mind other considerations as well. One important
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factor that determines allocation of resources is concerns about health
equity. For instance, onemay bewilling to invest in additional resources
to address disparities related to access, adherence, and health outcomes.
For instance, a health systemmay choose to invest additional resources
in a hard-to-reach section of the population that does not engage in pre-
vention.While such programsmay appear to be less cost-effective than
traditional healthcare system-delivered programs, they may still be
considered worthwhile investments in a health system that values a re-
duction in health disparities. Similarly, advocacy by patient groups may
engender political buy-in disproportionate to the immediate gains that
such investments may yield. One may argue whether incorporating eq-
uity considerations or political expediency perversely distorts our
resource allocation decisions or simply reflects our priorities as a
society.19 In any case, these considerations undeniably hold substantial
sway over our fragmented healthcare system, even in the face of grow-
ing influence of high-quality cost-effectiveness analyses.

Cost-effectiveness of lipid-lowering agents

For the purpose of this discussion, we categorize the use of lipid-
lowering agents into primary prevention (i.e., among individuals at
risk for but without evidence of established ASCVD) and secondary
prevention (i.e., among individuals with established ASCVD). The ge-
stalt is that the cost-effectiveness of any intervention for primary
prevention is directly related to baseline risk of ASCVD in the studied
population and effectiveness of the intervention (the higher the
baseline risk of ASCVD ormore effective the intervention, the greater
the net clinical benefit, and hence the better the cost-effectiveness of
said intervention), and inversely related to the cost (higher the cost,
worse the cost-effectiveness).

Statins for Primary Prevention

There have been numerous high-quality cost-effectiveness analyses
examining the role of generic and branded statins for primary preven-
tion of ASCVD.20 Contemporary analyses all agree that, in a world of
low-cost generic statins, their use for primary prevention is cost-
effective across a range of underlying risk.21 In a microsimulation
model of US adults aged 45 to 75 years, a 10-year ASCVD risk threshold
≥7.5% (as used in the ACC/AHA cholesterol treatment guidelines) was
projected to be a high-value intervention (ICER, $37,000/QALY), but
more lenient treatment thresholds would be optimal using cost-
effectiveness thresholds of $100,000/QALY (≥4.0% risk threshold) or
$150,000/QALY (≥3.0% risk threshold). The optimal ASCVD threshold
was sensitive to changes to statin price and the risk of statin-
associated diabetes, i.e., the more expensive the statin and the higher
the risk of statin-associated diabetes, the higher the risk threshold at
which statins would be cost-effective. Interestingly, several studies
have now shown that a key determinant of the value of the cost-
effectiveness of generic statins for primary prevention is the amount
of “disutility” the patient derives from having to take a daily pill.21,22

The implications are that when using low-cost generic statins among
appropriately selected patients, the only patients who appear to not
have a net clinical benefit are those for whom taking a pill every day is
substantially burdensome, in which case the net loss of quality-of-life
from the daily pill will outweigh the benefit in patients who are at
low- to intermediate-risk for ASCVD. This highlights the continued
role of shared decision making when initiating statin therapy for pri-
mary prevention.

Non-statin agents for primary prevention

There are few contemporary high-quality studies examining the
cost-effectiveness of non-statin therapies for primary prevention.
Among patients with heterozygous familial hypercholesterolemia [FH]
(who typically have an untreated LDL-C ≥ 190 mg/dL and are therefore
among the highest risk subgroup within primary prevention), the addi-
tion of ezetimibe to statin therapy is likely to be cost-effective only if ge-
neric ezetimibe is used (unpublished data; generic ezetimibe price costs
approximately $300 per year, compared with $1400 a year for branded
ezetimibe).10,23 In the same population, the addition of a proprotein
convertase subtilisin/kexin type 9 inhibitor (PCSK9i) to statin therapy
(at 2019 US prices) would have an ICER between $100,000 and
$150,000 per QALY gained (unpublished data).10

Secondary prevention

Patients with established ASCVD are at substantially higher risk of
ASCVD events (on average 6–7 MACE per 1000 person-years). They
therefore derive a larger net clinical benefit from lipid-lowering
therapy (on average) than patients without established ASCVD. In
other words, for any given drug, its use for secondary ASCVD preven-
tion is, on average, more cost-effective than its use for primary pre-
vention. This does not argue against investing in primary
prevention, it simply implies that if we had a limited pot of money,
we would first invest it in getting all our secondary prevention pa-
tients on lipid-lowering therapy.

However, the story gets evenmore interesting for statin therapy. Be-
cause several high-intensity statins now have generic formulations that
are very inexpensive, and because there is incontrovertible evidence of
their effectiveness and safety in reducing morbidity and mortality
among patients with established ASCVD, statins are in fact cost saving
when used for secondary prevention. In other words, the savings that
would accrue from future reductions in MIs and ischemic strokes
would more than offset the cost of initiating statin therapy in this pop-
ulation. The use of statins in this population is what economists refer to
as a “dominating option”, i.e., it costs less and generates more health
than the alternative (no statin therapy). Predictably, the cost-
effectiveness of ezetimibe and PCSK9i is also a function of baseline risk
(being more cost-effective in subgroups of patients who have higher-
than-average risk). When PCKS9 inhibitors were launched in 2015,
their wholesale acquisition cost was $14,350 per year, and their use in
secondary prevention was projected to be not cost-effective. Since
then, themanufacturers have announced a large (and, in the USmarket,
unprecedented) 60% price reduction, so that the drugs now cost $5850
per year. In light of newer data suggesting that these drugs may be
more effective at reducing non-fatal events than fatal events (with a re-
duction inMACE but no statistically significant improvement in survival
over the duration of the clinical trials), it is likely that PCSK9i do not
meet the $150,000 per QALY threshold even in high-risk secondary pre-
vention despite the recent price reductions.23

In the REDUCE-IT, patients with elevated triglyceride levels despite
the use of statins, treatment with 2 g of icosapent ethyl twice daily pro-
duced a significant reduction in risk of ischemic events, including car-
diovascular death.24 This trial included 70.7% patients with established
cardiovascular disease and 29.3% patients with diabetes and one addi-
tional risk factor. A recent study from a national cohort of patients
from the Department of Veterans Affairs showed that 14.5% and 17.1%
of patients with ASCVD and diabetes would meet eligibility criteria for
REDUCE-IT, with significant cost implications based on average whole-
sale price and Medicaid pricing.25 A formal economic evaluation is on-
going, but there are concerns about the increase in pharmaceutical
spending because a large number of US adults will likely be eligible for
this therapy.25–27

Application of cost-effectiveness analyses

Implications for health policy

The primary function of cost-effectiveness analyses is to optimize re-
source allocation at the level of the health system. In countries with
well-established governmental agencies for health technology
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assessment, cost-effectiveness analyses are a part of the regulatory ap-
proval process. The National Institute for Health and Care Excellence
in England andWales determines not only whether a new drug is effec-
tive and safe, but also whether it would be cost-effective at the price
being proposed by the manufacturer. This gives the agency implicit
power to negotiate drug prices for the English and Welsh National
Health Services (which constitute approximately 90% of the healthcare
market in these countries). Similar health technology assessment agen-
cies exist in Europe, Canada, and Australia, and increasingly inwealthier
nations in Asia. The US, on the other hand, has been reluctant to em-
brace the use of cost-effectiveness analyses. In fact, the Patient Centered
Outcomes Research Institute, established under the Affordable Care Act,
was explicitly barred by the US Congress from developing or using a
cost-effectiveness threshold in its evaluations. Despite this entrenched
suspicion of cost-effectiveness analyses, various stakeholders in our
fragmented health system are increasingly demanding a systematic
framework to estimate the “value” of a new drug or device so that this
information can be used to determine its price. Themost striking exam-
ple of this has been the 60% price reduction of PCSK9i that was an-
nounced by both manufacturers in 2018. Alirocumab and evolocumab
were launched in 2015 at awholesale acquisition cost of $14,350 per pa-
tient per year, a price at which their ICERwas greater than $400,000 per
QALY gained. But initial uptakewas poor: payers created onerous prior-
authorization requirements out of concerns related to total budget im-
pact and patients abandoned prescriptions at the pharmacy because of
high out-of-pocket costs.28–30 In one analysis, out-of-pocket costs for
Medicare Part D beneficiaries receiving a PCSK9 inhibitor and a statin
was estimated to be $4997 per year.8 In response to pressure from
payers (armed with cost-effectiveness analyses arguing for substantial
price reductions) and patients (who were voting with their feet by
abandoning prescriptions), manufacturers announced a 60% price re-
duction for the drugs. This large price reduction for a biologic therapy
is unprecedented in the US, where biologic prices typically increase
10–12% year-on-year during the lifetime of a drug's market exclusivity
period. Importantly, one of the manufacturers has reduced the list
price of the drug (rather than offering a larger discount), which trans-
lates to lower copays for Medicare Part D beneficiaries (who must pay
a co-pay on the list price before discounts). The PCSK9 inhibitor experi-
ence has shown the power of timely high-quality cost-effectiveness
analyses in helping reduce prices of and increase access to new thera-
pies. Importantly, in line with the National Academy of Medicine's rec-
ommendation that the effectiveness and safety of drugs should be
evaluated over their entire lifecycle, the cost-effectiveness of drugs
should also be updated as new data emerge regarding effectiveness,
safety, and price.23

Implications for health systems

Given the compelling evidence of the cost-saving nature of statins
for secondary prevention, health systems should invest in increasing
uptake of statins in this population,which still remains suboptimal.31–33

Strategies may include identifying patients not currently on high-
intensity statins, re-challenging patients previously identified as being
statin intolerant, and eliminating all co-pays for statin therapy for
these patients.

In addition to the cost of a new drug and its cost-effectiveness rela-
tive to the current standard of care, health systems must also be cogni-
zant of the impact of adopting an expensive therapy like PCSK9i on their
total expenditures. This is particularly true in fragmented systems
where the future savings from averted MIs and strokes do not accrue
to the same entity that is paying out for the new therapy at the present
time (for instance, where pharmaceutical and hospital budgets are
siloed). The rise of accountable care organizations may encourage
payers to make investments in prevention, though the empirical evi-
dence supporting this hypothesis is limited. Oneway for health systems
to mitigate the economic effect of new, expensive therapies is to target
these therapies to patients most likely to benefit from them. For in-
stance, a sequential approach to lipid-lowering, in which PCSK9i are
only prescribed to patientswho continue to have elevated LDL-C despite
maximal therapywith statins and ezetimibe,would dramatically reduce
the number of patients eligible for PCSK9 inhibitor therapy compared
with a strategy in which PCSK9 inhibitor therapy is initiated before try-
ing ezetimibe.34–37 For example, one of the recent simulation studies in
the VA health care system36 showed that the use of evidence-based
statin therapy along with ezetimibe will drop LDL-C levels below
70 mg/dL in two-thirds of the patients with history of acute coronary
syndrome, comparable to the active arm of the ODYSSEY Outcomes
trial.38

Implications for Clinical Guidelines

Based on themethodology described above, the ACC/AHA guidelines
have begun incorporating cost-effectiveness analyses into the guideline
documents. Apart from providing a Class of recommendation (COR)
and a level of evidence (LOE) for a therapeutic option, the guidelines
also provide a separate “value statement” based on available cost-
effectiveness analyses for a particular therapy. The 2018 AHA/ACC
Multisociety cholesterol guideline39,40 made two value statements in
the guideline document (one pertaining to the use of PCSK9i for second-
ary ASCVD prevention and one for the use of PCSK9i in patients with FH
without evidence of clinical ASCVD). As discussed above and as noted in
the 2018 cholesterol guideline document, the cost-effectiveness of a
therapy not only depends on the cost of a therapy (which is a moving
target), it also depends on the clinical benefit from that therapy (relative
risk reduction associatedwith the therapy and the baseline event rates in
the population of interest when compared to the population studied in
the RCT).

Based on the studies described above and using mid-2018 list
prices for PCSK9i, the panel concluded that at mid-2018 list prices,
PCSK9i have a low cost value (ICER N $150,000 per QALY) for patients
with secondary ASCVD prevention when added on to statin therapy.
It is important to note that there are several variables at play here.
First, both outcomes studies of PCSK9i38,41 were of relative short du-
ration (median follow-up= ~2.2 years for FOURIER and 2.8 years for
ODYSSEY-Outcomes) and therefore, there is considerable uncer-
tainty related to whether long-term use of these therapies would
lead to greater relative risk reduction than what was observed in
these outcomes trials. Second, although no mortality benefit was
seen in the FOURIER trial41 and mortality benefit was seen in
ODYSSEY Outcomes study38 as a nominal finding; especially in
those with baseline LDL-C ≥ 100 mg/dl; all models studied in the
ICER analyses quoted in the section above assume eventual reduc-
tion in mortality from the use of PCSK9i due to a reduction in
MACE. Third, cost is a moving target. Therefore, therapies may be-
come cost-effective as prices for PCSK9i come down, some of which
has already happened with both PCSK9i as discussed above. In that
respect, most cost-effectiveness noted that the price of PCSK9i
would need to come down between 70 and 85% tomeet conventional
cost-effectiveness thresholds discussed above.39,40 Fourth, the 2018
cholesterol guideline identifies a “very high-risk ASCVD” group as
patients with either multiple major ASCVD events or those with
one major ASCVD event plus multiple high-risk conditions. Several
of these patient phenotypes (for e.g. those with recent MI, N1 MI,
multi-vessel CAD, presence of symptomatic PAD, polyvascular dis-
ease, and persistently elevated LDL-C levels)42–46 have been shown
to identify patient subgroups who seem to derive a higher absolute
risk reduction compared with an average trial participant in the
two outcomes trials of PCSK9i. It is therefore quite possible that the
interplay of substantial price reduction (moving the numerator in
ICER in favorable direction) and identifying a “very high-risk”
ASCVD population (increasing the clinical benefit and moving the
denominator in favorable direction) could potentially make PCSK9i
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cost-effective in select secondary ASCVD patients who are deemed to
be very high-risk based on clinical criteria. This was also highlighted
in a recent statement from the National Lipid Association.47

As opposed to ASCVD patients, only two studies examined the use of
PCSK9i in patients with heterozygous FH. One of the studied models
found low value (ICER = $503,000 per QALY added) when PCSK9i
were used.10 The second study reported intermediate value (ICER =
$75,900 per QALY added) with the use of PCSK9i in heterozygous
FH.48 Therefore, the value statement in the 2018 AHA/ACCMultisociety
guideline on the management of blood cholesterol noted an uncertain
value for PCSK9i atmid-2018 list priceswhen added tomaximally toler-
ated statin and ezetimibe therapy.

Implications for clinicians and patients

A large body of evidence demonstrates that adherence to medica-
tions declines when patients incur high out-of-pocket costs.9,49 In the
US, patients may face substantially different out-of-pocket costs for
two drugs in the same class, and out-of-pocket costs for any given
drug can vary substantially month-to-month (e.g., based on the phase
of Medicare Part D coverage).8 Clinicians are therefore encouraged to
regularly discuss out-of-pocket costs with their patients, with the aim
of early identification of cost-related non-adherence. While generic
drugs typically have lower out-of-pocket costs than branded formula-
tions, even this appears not to be universally true. Regular communica-
tion about costs can help encourage patients to discuss cost issues with
their clinician in a timely manner, so themedication regimen can be al-
tered appropriately.

Limitations

Cost-effectiveness analyses must make assumptions about the long-
term effectiveness and safety of the intervention being evaluated, even
when only short-term data are available. Similarly, budget impact anal-
yses must estimate uptake of the product among patients eligible for it.
Thus, there is substantial uncertainty in estimated ICER and budget im-
pact, particularly early in the product's life cycle, when the evidence is
most sparse. It is important to note that the uncertainty in these eco-
nomic valuations is far greater than the statistical uncertainty captured
in the 95% confidence intervals of the effect size seen in clinical trials.
Policy makers must use the limited information that is available to
make decisions regarding drug approval and pricing. An important
role of cost-effectiveness analysis is to quantify this uncertainty, to iden-
tify whether uncertainty in any of the underlying assumptions or input
parameters would materially alter estimates of the ICER. This is
achieved by performing sensitivity analyses where the value of one or
more input parameters (or structural assumptions in the model) are
varied while holding all others constant and examining the change in
the ICER. For a new drug that has not been priced yet, one could ask
the question:What would the price have to be for the drug to meet tra-
ditional cost-effectiveness thresholds? For instance, cost-effectiveness
analyses of PCSK9i relative to ezetimibe among patients with
established ASCVD showed that the price of PCSK9i would have to de-
cline 70–80% from their launch price to meet a threshold of $100,000
per QALY gained. In another example, when a drug-related adverse
event is not clearly understood, one may ask the question: How fre-
quent or severe would the adverse event have to be to completely neu-
tralize the clinical benefit from the drug (or make it cost-ineffective)?
When low-cost statins are available, they are cost-effective for primary
prevention regardless of any (reasonably-sized) increased risk of hypo-
thetical adverse events; the primary driver of cost-effectiveness is
whether or not the patient has any disutility from taking a daily
pill.22,50 Thus well-done sensitivity analyses can be enormously infor-
mative to policy makers and clinicians, and by highlighting gaps in
knowledge, can help identify key priorities for future research.
Because of the numerous assumptions that go into a cost-
effectiveness analysis, an investigator can make assumptions favorable
(or unfavorable) to the intervention being evaluated, systematically bi-
asing the results. Because of the complexity of the analytic approach,
these assumptions may go unnoticed by the untrained reviewer. The
CHEERS checklist has been developed to evaluate the quality of a cost-
effectiveness analysis.51 As with other forms of clinical and policy re-
search, it is critical that cost-effectiveness analyses are thoroughly vet-
ted by unbiased reviewers with expertise in cost-effectiveness analysis
as well as subject-matter expertise in the field of interest.

Future directions

Three ongoing developments foretell the growing influence of cost-
effectiveness analyses. First, professional societies are increasingly in-
corporating cost-effectiveness into clinical guidelines, thus reflecting
the consensus among clinicians and patients that considerations related
to healthcare expenditures are directly relevant to clinical decision-
making. Second, there is increasing interest among cost-effectiveness
researchers to move the field away from theoretical estimations of clin-
ical and economic outcomes to more practical, updated, and context-
specific estimates of cost-effectiveness that can be used by policy-
makers and guideline writing committees. Cost-effectiveness re-
searchers are also systematically using sensitivity analyses to highlight
key gaps in knowledge and, in doing so, helping identify priority areas
for future research. Finally, in the absence of a government-supported
health technology assessment agency in the US, the Institute for Clinical
and Economic Review has had some early success in bringing together
various stakeholders, commissioning high-quality cost-effectiveness
analyses from academic investigators, and influencing drug pricing.52

Conclusions

In our increasingly cost-conscious health system, patients, clinicians,
hospitals, and payers all agree on the urgent need to rein in runaway
healthcare costs. High pharmaceutical costs make drugs unaffordable
to many patients who may benefit from them, including some insured
patients who face prohibitive out-of-pocket costs. Health systems and
payers can use the systematic framework of cost-effectiveness analysis
and estimated budgetary impact to prioritize the adoption of new tech-
nologies, though such decisions should also consider the implications
for health equity. Clinicians should be aware of the costs of the drugs
they prescribe and regularly discuss out-of-pocket costs with patients
as such discussions may lead to early identification of cost-related
non-adherence. As clinicians and patients become more cognizant of
the cost implications of new therapies, professional societies can help
improve the quality of decision-making by incorporating unbiased
value statements into their expert guidelines.
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