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HIGHLIGHTS

e Novel cardiovascular disease drug development is declining despite high incidence.
e A high-cost and high-risk environment is an increasing deterrent to drug innovation.
e Cardiovascular outcomes trials are lengthy and a major cost.

o Cost-effective solutions are needed to promote cardiovascular therapeutic progress.

SUMMARY

Cardiovascular disease (CVD) is the leading cause of mortality worldwide. Therapeutic agents, such as those that lower
low-density lipoprotein cholesterol, have been a critical factor in mitigating CVD event risk and demonstrate the
important role that drug discovery plays in reducing morbidity and mortality. However, rapidly rising development costs,
diminishing returns, and an increasingly challenging regulatory environment have all contributed to a declining number
of cardiovascular (CV) therapeutic agents entering the health care marketplace. For pharmaceutical companies, a
traditional cardiovascular outcomes trial (CVOT) can be a major financial burden and impediment to CV agent develop-
ment. They can take as long as a decade to conduct, delaying potential investment return while carrying risk of failure.
For patients, lengthy CVOTs delay drug accessibility. Without cost-effective CVOTs, drug innovation may be compro-
mised, with CV patients bearing the consequences. This paper reviews potential approaches for making CV drug devel-
opment more cost-effective. (JACC Basic Transl Sci 2024;9:1029-1040) © 2024 The Authors. Published by Elsevier on
behalf of the American College of Cardiology Foundation. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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ardiovascular disease (CVD) continues to be
the leading cause of mortality worldwide,
accounting for 17.9 million deaths in 2019,
and heart disease remains the number one cause of
mortality in the U.S. with just under 700,000 deaths
in 2022.” These statistics are despite the decades of
effective cardiovascular (CV) therapeutics, such as

those for lowering atherogenic lipoproteins and blood
pressure.”> While these therapies remain a core part
of primary and secondary CVD prevention, significant
scientific and technologic therapeutic advances
continue to be needed to improve quality and quan-
tity of life. Examples of recent advances include
breakthrough device therapies for heart failure,
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ABBREVIATIONS
AND ACRONYMS

BLA = Biologics License
Application

clinical implementation of epigenomics, and
the potent low-density lipoprotein choles-
terol (LDL-C)-reducing proprotein conver-
tase subtilisin/kexin type

CCTA = coronary computed
tomographic angiography

CVOT = cardiovascular
outcomes trial

IRA = Inflation Reduction Act

IVUS = intravascular
ultrasound

MACE = major adverse
cardiovascular events

inhibitor biologics.®® However, compared
with other therapeutic areas, there is signifi-
cant underinvestment by the pharmaceutical
industry and across biotechnology (biotech)
companies where most innovation originates
in the development of agents for CVD.
Without an environment that promotes drug
innovation, it is ultimately the patients,
not the pharmaceutical industry, who pay

NDA = New Drug Application the price

PCSK9 = proprotein
convertase subtilisin/kexin

type 9

Critical to the development of any novel
therapeutic agent is the conduct of clinical
trials; among most CV therapeutics, this in-
cludes at least 1 cardiovascular outcomes trial
(CVOT). A CVOT is a large clinical trial that evaluates
the effect of a therapeutic agent or intervention on
clinical CV outcomes, which most often include CV
death, myocardial infarction, and stroke (major
adverse cardiovascular events [MACE]), and some-
times revascularization, hospitalization for unstable

angina, and heart failure.®'°® CVOTs also provide the
opportunity to further assess the safety and tolera-
bility of a new agent and evaluate its cost-
effectiveness. The ideal design for a CVOT is double
blind, randomized, placebo controlled, and statisti-
cally powered to achieve at least a 15% relative
reduction of adjudicated MACE. Inherent to the cur-
rent CVOT design is the need for large patient co-
horts, years of intervention and follow-up, and
numerous clinic visits, all under the risk umbrella
that the agent being studied may never enter the
health care market. In short, a CVOT is a high-cost,
high-risk hurdle that may impede new drug
development.

CVOTs are a significant portion of the total finan-
cial burden required for novel drug commercializa-
tion. CVOT costs are driven, in part, by the stringent
regulatory requirements for conducting such a trial.
Current legislation in the U.S. also dampens the
ability for companies to recover this investment. Due
to stringent exclusivity limitations on new chemical
entities and, most recently, the Inflation Reduction
Act (IRA) (described in detail later in this review),
pharmaceutical and biotech companies may find the
cost-benefit ratio of investing in a novel therapeutic
agent development to be unfavorable, particularly for
CV agents.'>"

Change is a natural component of the scientific
process; thus, the drug development process,
including its regulation, must evolve and adapt to
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ensure a balance between promotion of innovation
while ensuring a favorable balance among the ben-
efits, risks, and costs of a novel therapeutic
approach. Various opportunities exist to enhance
pharmaceutical agent innovation. There are poten-
tial regulatory incentives that could rebalance and
improve the risk and return on investment for CV
drugs that have demonstrated benefits on MACE. In
our view, marked changes to the regulatory pathway
for development of novel CV therapies, such as
complete removal of the CVOT requirement for
certain drug classes, are unlikely and would not be
desirable. Therefore, this review focuses on poten-
tial strategies to reduce cost and time, and thus
improve the efficiency and cost-effectiveness of
CVOTs, without jeopardizing the quality of the
development process (Central Illustration). The ap-
proaches discussed have the potential to reduce the
number of participants required to show efficacy,
shorten trial duration, and streamline processes
related to trial monitoring and endpoint assessment.
The inclusion of expanded cardiovascular endpoints
beyond a standard 3- or 4-point MACE, as well as the
use of selected surrogate endpoints to increase
confidence in the likely efficacy of the therapeutic
agent under development before undertaking the
investment required for a CVOT and potentially to
support interim approval of an agent while a CVOT is
underway, are also discussed.

OVERVIEW OF THE PROCESS

Assessing CVOT cost-effectiveness first entails un-
derstanding the drug development process in the
U.S., which is overseen by the Food and Drug
Administration (FDA). The development process
comprises: 1) discovery research and development
aimed at identifying a therapeutic agent; 2) charac-
terizing the agent’s administration, absorption, dis-
tribution, metabolism, and excretion through
preclinical studies; and 3) assessing its delivery, dose-
response, pharmacokinetics, and efficacy in phase 1-3
clinical trials conducted in humans." Phase 3 clinical
trials are aimed at demonstrating efficacy and safety.
CVOTs occur during phase 3, the clinical trial phase
with the largest participant cohort, which is intended
to be representative of the end users for the thera-
peutic agent. A New Drug Application (NDA) or a Bi-
ologics License Application (BLA), depending on the
type of therapeutic agent, is submitted to the FDA to
start the application process of drug approval for the
health care market and commercialization.'* The
application process may be undertaken after the
phase 3 program has been completed or, in some
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CENTRAL ILLUSTRATION Obstacles in Developing CV Therapeutic Agents

gl

Costs to develop Sales of drug

Multiple
Years
Numerous
Clinic Visits

How Do We Make CV Drug Development More Cost-Effective?

» Use technologies to reduce in-person visits

» Use analyses that measure total events from the same person rather than first events only
« Enrich patient samples using prognostic and predictive enrichment

» Use remote and targeted (risk-based) clinical trial monitoring

« Consider whether adjudication of endpoint events is necessary

* Preliminary drug approval based on Mendelian randomization and
, imaging results prior to availability of CVOT data

Davidson MH, et al. JACC Basic Transl Sci. 2024;9(8):1029-1040.

L

Major adverse CV events

« 2022 Inflation Reduction Act
« Limited exclusivity of new chemical entities
* Rigorous FDA requirements for CVOTs

CV = cardiovascular; CVOT = cardiovascular outcomes trial.

instances, when a CVOT is underway and substan-
tially enrolled.

CVOTs consist of randomized controlled trials
where the primary efficacy endpoints are MACE that
include CV-related mortality, myocardial infarction,
and stroke, and may include other outcomes such as
revascularization procedures and hospitalization for
heart failure.'® CVOTs also provide the opportunity to
investigate the safety and tolerability of the agent
under study in a larger number of patients treated for
a longer duration than most other trials. However, a
lower-cost option to further evaluate the long-term
safety and tolerability of an agent after its efficacy
has been established is through an open-label
extension following the double-blind treatment
period in a randomized controlled trial. Such an
extension typically involves less frequent visits and is
thus less costly than the double-blind phase. Most

CVOTs use an explanatory design to test the inter-
vention in optimized, highly controlled conditions."
However, some CVOTs are designed as pragmatic
trials, which aim to inform a clinical decision in the
context of real-world practice and focus on patient-
centered outcomes such as survival.’>'® Pragmatic
trials offer a wider pool of participants and require
fewer specialized staff than explanatory trials, but
they also require a larger sample size to allow for
statistical power owing to nonadherence, dropout,
confounding of other medications or diseases, and
crossover.'>'® Because they mimic real-world condi-
tions, they may offer more tangible and concrete data
on what patients and their health care providers can
expect from the therapeutic agent regarding safety
and efficacy. Pragmatic trials are often more cost-
effective than explanatory trials, but they still
require significant investment, in both time and
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resources, for drug development. Even within the
context of an explanatory trial design, using real-
world data to assist in the identification of potential
trial participants and for the collection of some data
may help to reduce costs.

The FDA has provided guidance documents for CV
therapeutic agent development, including those to
treat hyperlipidemia, hypertension, and heart fail-
ure.'””?° The FDA recognizes LDL-C reduction as a
surrogate for the reduction of CVD risk, and as such, it
may not be necessary to have a completed CVOT
before initial approval of agents for which LDL-C
reduction is the primary target. For such agents, a
CVOT must typically be in progress and substantially
enrolled before starting the FDA’s NDA or BLA pro-
cess. For therapies that affect lipoprotein metabolism
through novel mechanisms, such as lowering lip-
oprotein(a) or inhibiting cholesteryl ester transfer
protein, apolipoprotein C3, or angiopoietin-like 3,
current regulations indicate that a CVOT must
generally be completed before initiation of the NDA
or BLA process.

Therapeutics for the treatment of heart failure also
require a CVOT for initial approval,”’® however, ther-
apeutic agents developed for hypertension fall under
the CV outcome benefits claim that covers all classes
of antihypertensive agents, and therefore they do not
require a CVOT as part of their development pro-
cess.'”'® CVOTs are not only required for CV thera-
peutics. CVD is a common comorbidity of type 2
diabetes mellitus (T2DM), and in 2008 the FDA rec-
ommended that clinical trials evaluating the efficacy
of T2DM agents not only assess their effect on gly-
cemic control, but also demonstrate that the novel
agent does not increase CV risk.”" This recommenda-
tion was withdrawn in March 2020, when the FDA
released a new draft guidance document.”” The new
guidance was released because no CVOT conducted
since 2008 as part of T2DM therapeutic drug devel-
opment showed an increased risk of ischemic CV
events. In fact, some CVOTs with novel T2DM thera-
peutics demonstrated a reduced risk of CV events.””
Arguably, without the 2008 CVOT requirement for
diabetes agents, there would likely not have been a
pathway for using sodium-glucose cotransporter 2
inhibitors for the treatment of heart failure in pa-
tients without diabetes.”® Because T2DM is a chronic
condition, novel T2DM therapeutic agents require
safety data addressing chronic exposure (eg, at least
4,000 patient-years of exposure of new drugs in
phase 3 clinical trials) and trials enriched in those
with established CVD.?? It is now recommended that
sponsors of antihyperglycemic medications use
rigorous methods to collect adverse CV events and
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assess them by adjudication. However, a dedicated
CVOT is no longer required.

The drug development process in the U.S. can
extend for several years to several decades, depend-
ing on its technologic maturation.”* A significant
portion of this time is allotted to the new technol-
ogy’s initiation, defined as the exponential growth in
its publication activity. For example, this period in-
cludes characterizing molecular pathways and po-
tential small molecule targets. Once exponential
growth ends, it is considered an established tech-
nology.”* The median lengths of time between a
technology’s initiation to its establishment, first
clinical trial, and first FDA approval are 25 years, 29
years, and 36 years, respectively. Although not as
lengthy as the technologic discovery and maturation
phases, clinical trials account for a significant portion
of the time it takes to develop a drug.

Once clinical trials commence, the average length
of time from the start of phase 1 to completion of
phase 3 was 6.1 years in 2022 in the top 20 pharma-
ceutical companies by spending for CV therapeu-
tics.”® Using strategies that reduce the temporal load
for completion of clinical trials is helpful for con-
trolling costs and shortening the time required to
deliver therapeutic benefits to patients in clinical
practice.

COSTS OF DEVELOPMENT

The cost associated with drug development from
discovery through commercialization is a key deter-
minant of which therapeutic area, and its respective
therapeutic agent(s), warrant investment. The
average cost to bring a novel therapeutic agent to the
market was $2.284 billion in 2022, and, collectively,
the top 20 pharmaceutical companies by spending
spent $139.2 billion in 2022 on research and devel-
opment.”> Meanwhile, the forecast value of approved
therapeutic agents’ peak sales has declined from $340
million in 2021 to $284 million in 2022 (excluding
COVID-19 emergency use authorization assets).
Collectively, the internal rate of return on late-stage
pipeline therapeutic agents has consistently
declined since 2013 and fallen to 1.2%, the lowest
internal rate of return in the past decade, and to 0.6%
when excluding COVID-19 emergency use authoriza-
tion assets.”

Clinical trials are notoriously expensive with a
median cost of $19 million per trial in the U.S., as
assessed in a cross-sectional assessment from 2015 to
2017.?° CV therapeutic development is particularly
costly, with the estimated cost of trials per drug being
$141 million (Q1-Q3: $74-$183 million). The next most
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expensive therapeutic area was respiratory, which
cost substantially less at $91 million (Q1-Q3: $73-$110
million).?® CVOTs have some of the highest enroll-
ment requirements, with participant numbers
commonly in the tens of thousands.?® There are
several reasons why CV therapeutic development
drives up clinical trial costs. One analysis suggested
that the number of patients needed to establish effi-
cacy is the largest single influence on cost.?® From
2015 to 2017, the median cost per patient in a trial was
$34,857 (Q1-Q3: $22,922-$50,540).

The declining internal rate of return of drug
development, combined with increasing research and
development costs, has led the pharmaceutical in-
dustry to scrutinize investment portfolios and deter-
mine which therapeutic areas to pursue and which
potentially promising agents must be terminated. For
example, although early phase development of anti-
neoplastic therapeutic agents grew by 6.88% from
1990 to 2007, early phase development of CV agents
within this same period decreased by 4.57%.7”® Once
an agent reaches the clinical trial phase of drug
development, the odds are still strong that it will be
discontinued. According to the Congressional Budget
Office, only 12% of drugs entering clinical trials are
approved by the FDA.?° Furthermore, the rate of
discontinuation appears to be on the rise; a recent
analysis found that among the top 20 pharmaceutical
companies by spending, the number of terminated
therapeutic agents doubled from 15 in 2021 to 30 in
2022.>°> Among potential CV agents, 12 candidates
were terminated in the years 2016 to 2018 within the
clinical trials phase of development: 3 candidates in
phase 1, 6 in phase 2, and 3 in phase 3.3° Half were
discontinued owing to lack of efficacy and the other
half owing to strategic or unspecified reasons. Over-
all, the later the development phase of the agent, the
greater the financial burden of its failure.' Given the
high stakes of drug development, it is not surprising
that therapeutic target selection and development are
likely driven by financial investment risk at least as
much as the potential ability to meet a therapeutic
need.

Additional investment considerations before ther-
apeutic target selection include market saturation
and the regulatory environment, the latter including
both patent regulations as well as approval and
commercial regulations. First-to-market pharmaceu-
tical manufacturers are awarded 5 years of regulatory
exclusivity for new chemical entities in the U.S. and
10 years in the European Union.'"** Once exclusivity
is gone, the market can quickly become saturated and
profit margins dwindle. Five years of exclusivity may
not provide enough time to recover development
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costs, particularly for CV drugs. This can result in
either failure to initiate a promising therapeutic agent
or a significant price increase to offset projected los-
ses attributed to shortened market exclusivity, both
of which ultimately affect the patient.

REGULATORY ENVIRONMENT

CV therapeutic agent developers now face another
challenge beyond the costly CVOT. The IRA was
signed into U.S. law in 2022. Provisions included in it
were intended to increase drug access and simulta-
neously decrease drug spending for millions of
Americans on Medicare or Medicaid."”** The federal
government is the largest purchaser of prescription
drugs in the U.S., with more than 25% of its health
care costs attributable to prescription drugs.>**° The
3 critical components aimed to mitigate drug pricing
in the IRA are: 1) redesigning Medicare Part D benefits
to limit out-of-pocket spending; 2) penalization of
pharmaceutical companies if they raise drug prices
faster than inflation; and 3) mandatory price negoti-
ations on high-cost drugs.?*3® Mandatory price ne-
gotiations will affect any high-priced, small-
molecule, single-sourced drugs that have been
approved for marketing by the FDA for at least 9 years
and any biologic approved for at least 13 years.>?
Advocates of the IRA predict that users could save
thousands of dollars each year. For example, at least
one simulation predicted that Medicare would save
5% on spending in the first 3 years of the act’s
implementation simply via the mandatory price
negotiations.?*3°

Critics of the IRA fear that its enactment discour-
ages pharmaceutical and biotech companies from
investing in drug discovery for new treatments and
limits exploration of new uses for currently available
medications.?>**” This argument expands even to the
generics market, traditionally viewed as a means to
reduce drug costs. Generic competition can lower
drug prices by 50% to 90%, and generic producers
generally operate at a narrow profit margin. Imple-
mentation of the IRA may erase any profit margin for
some generics, which could ultimately reduce
competition and availability of some generic op-
tions.>* An example of the importance of generic
competition on drug prices is colchicine. A cohort
study of 2,723,327 patient-years of individuals with
gout from 2007-2019, designed to examine the im-
plications of the 2010 FDA decision to remove lower-
priced versions of colchicine from the market,
showed that the price of colchicine prescriptions
increased 15.9-fold and the out-of-pocket price
increased 4.4-fold.*®
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For pharmaceutical companies, a 2015 study esti-
mated that, on average, at least $2.5 billion in addi-
tional revenue is required to support novel
therapeutic innovation.?° Requiring price negotia-
tions may affect the ability to achieve the minimum
funding required to motivate novel drug-producing
companies to innovate. Some have predicted that
drug price controls will lower U.S. pharmaceutical
revenues up to 60% by 2039 and result in up to 342
fewer novel drugs entering the marketplace over that
timeframe.*® On the other hand, increased govern-
ment spending by Medicare on outpatient drugs, as
observed with the implementation of Medicare Part
D, has traditionally resulted in significantly greater
investment in research and development by private
pharmaceutical companies.*’

Penalizing price increases beyond inflation rates
may halt companies from pursuing novel indications
for existing drugs, including conducting CVOTs to
demonstrate new uses. After initial FDA approval,
companies will often continue research to confirm
that the therapeutic agent can work in the long term
and to explore its potential use for new indications.**
However, research shows that without pricing pre-
mium incentives, conducting confirmatory or follow-
up studies is likely to be reduced.*”

Finding a way to mitigate excessive prescription
drug costs without compromising innovation invest-
ment will be critical as the IRA provisions are phased
in over the coming years. For example, linking drug
prices directly to their value may offset the conse-
quences of capped prices. The IRA currently targets
diseases that disproportionately affect elderly Amer-
icans, including CVD, and thus innovation for these
treatments might be viewed as less profitable and
therefore less favorable for innovative pursuits.*?

There are potential regulatory incentives that
could rebalance and improve the return on invest-
ment for CV drugs that demonstrate MACE improve-
ments. The new chemical entity regulatory
exclusivity is 5 years in the U.S. and 10 years in
Europe.' A reasonable incentive is to grant 10 years
of exclusivity in the U.S. to a CV therapy that dem-
onstrates MACE reduction, or at least an additional 5
years of patent life extension to improve the return
on investment.

The IRA allows the Centers for Medicare and
Medicaid Services (CMS) to initiate price negotiations
at postapproval year 9 for oral dugs (year 12 year for
biologics).”” Recently, CMS announced the first 10
drugs to be reviewed for price negotiations, including
6 oral CV drugs with proven benefits established by
CVOT-based evidence.** Because the majority of CV
therapeutics are oral, another potential incentive is to
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postpone price negotiations on oral CV drugs that
have demonstrated MACE benefits to postlaunch year
12, similarly to the timeline for biologics. The cost of
drug development is part of the consideration for how
price negotiations are determined by CMS, but a
special carve-out for CV drugs to allow the extra 3
years and provide parity to biologic therapies is a
significant incentive to fund a CVOT.

In addition, because the IRA will very likely limit
the pursuit of new indications for existing drugs,
implementing a pricing structure framework for
payers based on the amount of treatment efficacy,
indications, and safety, in place of a one-size-fits-all
approach, could keep pharmaceutical companies
encouraged to continue to find the most efficacious
therapeutics and to investigate additional in-
dications.>* For example, because CV therapeutics
often require lengthy and expensive MACE-based
CVOT data, having increased payer reimbursement
for the continuation of these rigorous studies may
incentivize pharmaceutical companies to continue to
conduct CVOTs and to innovate around new in-
dications. Payers requiring prior authorization may
also indirectly increase drug costs because they cause
significant delays and reduce treatment access.**
Therefore, reducing this commonly encountered
obstacle would likely lower costs for both drug de-
velopers and patients.

Risk of failure is another major financial factor
considered in novel drug development. For example,
among CV therapeutics, 2 monoclonal antibody
PCSK9 inhibitors, evolocumab and alirocumab,
entered the market in 2015 as potent well tolerated
agents that decrease LDL-C, and both were subse-
quently shown to reduce MACE risk in CVOTs.® Evo-
locumab initially cost $14,300 per year,*” no doubt
priced to cover the millions of dollars invested for its
development. However, bococizumab, a third PCSK9
inhibitor, was discontinued owing to lack of efficacy
during its phase 3 clinical trial.>° Although the high
costs of medications such as these may make them
unaffordable for some patients, nevertheless it
should also be considered that, given the high cost of
development accompanied by the high risk of failure,
the pursuit of this efficacious drug class may not have
occurred if the IRA policies had been in place at that
time.

REDUCING COST FOR CVOTS

The criterion standard for a phase 3 CVOT is a ran-
domized, double-blind, placebo-controlled, time to
first event design, with a composite of MACE as the
primary outcome.'?-*® A lengthy trial, lasting years, is
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inherent to this type of study design. The longer the
trial duration, the more that study visits, laboratory
work, monitoring, data collection, and patient in-
centives cost.?®*” Furthermore, whereas earlier clin-
ical trial phases focus on isolating the effects of the
intervention and therefore require a more homoge-
neous and less variable study group, phase 3 CVOTs
enroll a larger, more heterogeneous study population
to ensure that the results are generalizable to the
group for which the drug would be expected to be
used.*” The primary cost driver of clinical trials is the
number of patients needed to establish a treatment
effect, but CVOT costs are further compounded by the
second greatest cost influencer, the number of study
visits, which is directly proportional to study dura-
tion.?® Large patient cohorts, lengthy study duration,
and, subsequently, a multitude of clinic visits, all
significantly contribute to CVOTs being the most
expensive trials to conduct during drug
development.?®

Lowering CVOT cost is not only in the best interest
of the pharmaceutical industry, but also in the best
interest of patients and payers, both private and
public. Aside from the overt financial savings, patient
health would benefit from reduced CVOT duration
and a faster timeline to market, particularly in the
development of novel therapies that are highly effi-
cacious in preventing MACE. Reducing CVOT cost can
be achieved by decreasing the sample size, reducing
trial length, reducing the number of clinic visits, and
streamlining trial monitoring. Also, as appropriate,
consideration of adjunctive data from other sources,
such as imaging studies, may help to increase confi-
dence in the efficacy of an agent.
REDUCTION IN SAMPLE SIZE REQUIREMENTS. One
way to reduce sample size and attenuate clinical trial
costs is to use population enrichment. Enriching a
patient population with those at highest risk for an
event allows the study to be conducted with a smaller
sample size for a given level of power. The FDA ad-
vocates the inclusion of prognostic enrichment for
endpoint-driven studies.*®*° In addition, in some
instances, it may be possible to use predictive
enrichment to focus on recruiting patients most likely
to respond to the therapy being tested.”®°' Data from
previous trials with an agent in the same class or from
mendelian randomization studies may be used to
develop a scoring model to categorize individuals
based on expected response for the endpoint under
study or the biomarker being targeted (eg, LDL-C) in
order to enrich the study sample with participants
who have a larger predicted response.”® Together,
these two types of enrichments can increase the rate
of accumulation of endpoint events in the control
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group and the magnitude of the effect. However, the
trade-off of enrichment strategies is that more strict
entry criteria limit the generalizability of the results
and may result in a narrow indication for the agent
once approved. Accordingly, additional testing may
be required to expand the indication to a broader
patient population.

REDUCTION IN NUMBER OF CLINIC VISITS AND
TRIAL DURATION. Reducing the duration of CVOTs
lowers the cumulative number of clinic visits, as well
as the associated logistical considerations and costs,
which can yield millions of dollars in savings. In a
study assessing pivotal clinical trials supporting the
approval of 101 new therapeutic agents, including 6
CV drugs, conducted from 2015 to 2017, the average
number of clinic visits was 11 (Q1-Q3: 8-17), and each
additional trial visit added $2 million to the estimated
Reducing the overall length of a CVOT or
the number of clinic visits can each contribute to cost

trial cost.?®

savings and can be achieved through a variety of
strategies. For example, newer technologies such as
telehealth visits may be used in clinical trials to
reduce the frequency of in-person visits. Routine
safety assessments such as blood collection can be
obtained through partnerships with large laboratory
companies so that participants are able to have blood
drawn more locally for some visits.

However, shortening the duration of a CVOT is
associated with a potentially higher risk of failure to
demonstrate efficacy, particularly for LDL-C-lowering
agents. For example, although the cholesteryl ester
transfer protein (CETP) inhibitor evacetrapib signifi-
cantly reduced LDL-C by 31.1% (compared with a 6%
increase with placebo), in the ACCELERATE (Assess-
ment of Clinical Effects of Cholesteryl Ester Transfer
Protein Inhibitor With Evacetrapib) trial it failed to
demonstrate a significant effect on the primary com-
posite endpoint (HR: 1.01; 95% CI: 0.91-1.11;
P = 0.91).>> This was likely because the trial was
terminated early for futility at a median follow-up of
just 26 months, after 82% of the planned primary
composite endpoint events had occurred. In contrast,
in the REVEAL (Randomized Evaluation of the Effects
of Anacetrapib Through Lipid Modification trial of
another CETP inhibitor, LDL-C was reduced by 41%
with anacetrapib vs placebo, and there was a signifi-
cantly lower incidence of major coronary events (RR:
0.81; 95% CI: 0.85-0.97; P = 0.004) after a median
follow-up of 4.1 years.>> The IMPROVE-IT (Improved
Reduction of Outcomes: Vytorin Efficacy Interna-
tional Trial), which evaluated the effects of ezetimibe
combined with simvastatin, reduced LDL-C by
16.7 mg/dL vs simvastatin alone (at 1 year), and
significantly reduced the primary endpoint at 7 years
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of follow-up (median 6 years) (HR: 0.936; 95% CI:
0.89-0.99; P = 0.016). Notably, a clear separation in
event rates between treatment groups was not
evident until approximately 3 years.”* These results
demonstrate the importance of not only the absolute
reduction in LDL-C, but also its duration, for reducing
MACE. Based on the Cholesterol Treatment Trialists’
Collaboration’s meta-regression of statin trials
demonstrating a linear and predictable relationship
between absolute LDL-C lowering and MACE reduc-
tion, and subsequent meta-analysis of CVOT dura-
tion, it is estimated that a CVOT with a median
follow-up of around 3.5 years optimizes the proba-
bility of seeing a maximal MACE reduction
benefit.>>>® Designing a CVOT for lipid-lowering
agents with this minimum follow-up duration may
enable stakeholders to increase their return on in-
vestment in a CVOT.

A potential pitfall of using a shorter duration of
follow-up in CVOTs of lipid-lowering therapies,
which was experienced by the developers of the
PCSK9 monoclonal antibody inhibitors, is that a
shorter trial may result in a less-than-expected
reduction in MACE compared with other lipid-
lowering therapies for which the CVOT duration was
longer. The CVOTs of evolocumab and alirocumab
were ~2 years vs those for statins which extended to
~4 to 5 years. This affected the cost-effectiveness
assessment of PCSK9 inhibitors used by insurance
companies to implement payment plans, and thus
reduced the use of PCSK9 inhibitors after their entry
to the market.

REMOTE AND TARGETED (RISK-BASED) CLINICAL
TRIAL MONITORING. Clinical trial monitoring is
mandated by the FDA and represents another sub-
stantial portion of a clinical trial budget. As described
by the International Council for Harmonisation of
Technical Requirements for Pharmaceuticals for Hu-
man Use Good Clinical Practice (GCP), monitoring
aims to verify that: 1) the rights and well-being of the
trial participants are protected; 2) the reported trial
data are accurate, complete, and verifiable from
source documents; and 3) the conduct of the trial is in
compliance with the currently approved protocol/
amendment(s), GCP, and applicable regulatory re-
quirements.”” Traditionally, monitoring is conducted
on site and involves 100% verification of the source
data for 100% of the participants. However, imple-
mentation of 2 alternative approaches, remote
monitoring and targeted, or risk-based, monitoring,
can reduce costs.’®>° Centralized, remote monitoring
of trial sites may actually improve trial oversight
because it is ongoing and not limited in frequency,
which enables earlier detection of issues. Targeted
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monitoring focuses on certain data points, sites, and
events that have the highest impact on participant
safety and credibility of the trial’s results.”” This
generally requires less oversight and fewer moni-
toring visits, thereby providing the best value for the
time and resources invested. The FDA has provided
guidance on using remote and risk-based approaches
to monitoring.®%-®*
TOTAL EVENTS VS FIRST EVENT. The use of com-
posite endpoints that consider only first (index) CV
events may underestimate the utility of a treatment
and lengthen the time necessary to accumulate
enough events to assess efficacy. After an initial
nonfatal event there is high likelihood of a recurrent
event.®>°3 In recent years, several analyses have been
completed to assess total CV event incidence in
CVOTs, including in trials of lipid-altering agents,
including ezetimibe, PSCK9 inhibitors (evolocumab,
alirocumab), bempedoic acid, and icosapent ethyl,
and heart failure therapies, such as candesartan.®*7°
As an example, Table 1 summarizes results from
IMPROVE-IT that randomly assigned post-acute cor-
onary syndrome patients to receive simvastatin plus
placebo or simvastatin plus ezetimibe.>**4 During the
median follow-up period of 6 years, the difference in
the number of primary outcome events was 170 fewer
in the ezetimibe group.”* However, there was a
greater difference for additional events, with 251
fewer in the ezetimibe group. Had total events (ie,
including first and additional events) been used for
the primary outcome, both the cost and the length of
the trial could likely have been reduced.®* Power
calculations using total events are conceptually more
complicated than those for first events. However, as
represented by the results from IMPROVE-IT, using
total events allows accumulation of more events per
unit of time, which would result in a smaller sample
size needed to reach a specified number of endpoints.
Recurrent or total event analyses are not without
limitations, such as selection bias, because randomi-
zation is not preserved after the first event, a poten-
tial overestimation of total events contributed by
patients who experience MACE early in the trial, the
inability to fully account for reduced compliance over
time as a CVOT progresses, and confounding related
to subjects who die from either CV death or non-CV
death during the trial.”* However, time to first event
analyses are associated with problems of interpreta-
tion because less severe events that happen earlier in
the study (eg, brief hospitalization for heart failure)
would be counted, whereas more severe events (eg,
death) that happen after an initial event would be
censored. Total events analyses are generally
accepted as valid, and a variety of approaches can be
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used for such analyses.”””> An ongoing trial of evo-
locumab (Evolocumab Very Early After Myocardial
Infarction trial; NCT05284747), is using the total (first
and subsequent) composite of myocardial infarction,
ischemic stroke, any arterial revascularization pro-
cedure, and all-cause death as the primary outcome
measure.

ADJUDICATED VS NONADJUDICATED MACE. The
FDA typically requires central adjudication of com-
plex or subjective efficacy and safety endpoints in
randomized controlled trials supporting drug
approval, including MACE in CVOTs.”®”” Centralized
adjudication is performed by a panel of experts who
independently review and classify suspected end-
points in a blinded manner, and evaluate whether
these meet the protocol definitions of endpoint
criteria. This process can be quite complicated and
costly because it involves identifying the cases to be
adjudicated; collecting the data for adjudication (ie,
case report forms, laboratory test results, radiog-
raphy results, etc); ensuring that the data are ano-
nymized and masked; identifying, inviting, and
training members of the adjudication panel; and
organizing and conducting consensus meetings
among the panel members. Although adjudication
can help to avoid misclassification of endpoint
events, the significant investments in time and re-
sources for using a central adjudication committee,
particularly in blinded clinical trials conducted by
qualified investigators who have access to technology
enabling accurate on-site diagnosis, have called it
into question.”®”° A meta-analysis of data from 47
randomized controlled trials (N = 275,078), which
were mainly large multicenter trials in cardiology,
found, on average, no difference in the treatment
effect estimates from on-site assessors compared
with an adjudication committee, although results of a
subgroup analysis showed an interaction according to
the blinded status of the on-site assessors.”® Another
meta-analysis of 10 CVOTs that included more than
9,000 events from 95,038 patients failed to detect an
effect of event adjudication; the OR for adjudicated
vs reported events was 1.00 (95% CI: 0.97-1.02).%°
Based on these findings, it can be argued that
centralized adjudication may not be necessary for all
CVOTs. Eliminating or streamlining the adjudication
process may be a way to reduce the costs of a CVOT
without reducing the quality of the evidence.

CONSIDERING EXPANDED CARDIOVASCULAR ENDPOINTS
AND SURROGATE ENDPOINTS. As mentioned previ-
ously, CVOTs often use a standard 3-point composite
MACE as the primary endpoint, consisting of nonfatal
myocardial infarction, nonfatal stroke, and CV death.
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TABLE 1 Summary of Results From an Analysis of First and Total Primary Outcome
Events in the IMPROVE-IT Trial
Simvastatin +  Simvastatin +

Placebo Ezetimibe Difference HR (95% CI) P Value
First events 2,742 2,572 -170 0.94 (0.89-0.99) 0.016
Additional 2,241 1,990 —251 - -

events

Total events 4,983 4,562 —421 0.91 (0.85-0.97) 0.007
Sources: Cannon et al>* and Murphy et al.%*

However, 4- and 5-point MACE that include addi-
tional outcomes such as coronary revascularization
(urgent or emergency), hospitalization for heart fail-
ure, or hospitalization for unstable angina have also
been used in the primary composite MACE endpoint
in selected CVOTs. History suggests that only the
components that are part of the primary composite
are candidates for a new agent’s approved indication,
which affects the return on investment in the CVOT.
Therefore, it is important to select the most suitable
cardiovascular endpoints, according to the putative
biological effects of the therapeutic agent, to produce
a robust clinically and statistically significant effect
on the primary composite outcome.

Finding suitable surrogate non-MACE primary
endpoints is another option that may reduce thera-
development
Atherosclerosis is the key underlying pathophysio-

peutic agent duration and cost.
logic driver of clinical CVD event risk.®"%> A growing
body of evidence supports the view that coronary
atheroma volume progression and regression predict
incidence of MACE, respec-
tively.®"-®3 Intravascular ultrasound (IVUS) and coro-

higher and lower

nary computed tomographic angiography (CCTA) can
be used to quantify changes in atheroma volume. A
systematic review and meta-regression analysis of
IVUS studies recently published by Iatan et al
demonstrated that a 1% reduction in mean percentage
atheroma volume achieved with lipid-altering thera-
pies was associated with a 14% to 25% reduction in
the odds for MACE.®* Fewer investigations have
examined MACE and changes in atherosclerotic pla-
que with the use of CCTA, but in general the results
appear to be consistent.®>%¢ Studies that measured
plaque volume in the same patients with the use of
both IVUS and CCTA demonstrated a high correlation
between these methods, with correlation coefficients
in the range of 0.91 to 0.98.57:88

Development and validation of other surrogate
measures of MACE risk, such as biomarkers of plaque
stability, also have the potential to increase the con-
fidence needed to invest in CVOTs for promising CV


https://clinicaltrials.gov/study/NCT05284747
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therapeutics.®3%° Independently from lipid lowering,
statins and PCSK9 inhibitors have been shown to
promote coronary atheroma calcification, reduce the
lipid core burden index, and increase fibrous cap
thickening, all changes that represent improved
coronary plaque composition and stabilization.??°?
Results from imaging studies showing regression or
less progression of atheroma volume and/or
increased plaque stabilization might justify approval
of an agent on an interim basis while a CVOT is
underway. Inclusion of atheroma volume progres-
sion as an “event” in a composite endpoint might be
another way to enhance the efficiency of a CVOT.
The composite endpoint might include fatal and
nonfatal myocardial infarction and stroke, coronary
revascularization, unstable angina, and total
atheroma volume progression of at least 3.5% (or
some other threshold). This is analogous to the
composite outcomes in trials for renal function,
which may include new cases of dialysis, renal
transplantation, renal death, and a 40% (or some
other threshold) reduction in estimated glomerular
filtration rate.”®

CONCLUSIONS

CVD is a leading cause of death in the U.S. and
worldwide. Finding novel therapies to mitigate CV
morbidity and mortality should be a high priority.
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Unfortunately, the current drug development re-
quirements for CV therapeutics and limited exclu-
sivity for new chemical entities in the U.S. compared
with some other developed nations are deterring in-
vestment, owing to high costs and perceived risks.
Finding ways to lower CV therapeutic development
costs, particularly those associated with the conduct
of CVOTs, without compromising the evaluation of
drug efficacy and safety, is imperative for the pro-
motion of continued investment in CV therapeutic
discovery and development.

ACKNOWLEDGMENTS The authors acknowledge the
writing assistance of Orsolya M. Palacios, RD, PhD, a
consultant of Midwest Biomedical Research.

FUNDING SUPPORT AND AUTHOR DISCLOSURES

Dr Davidson is the Chief Executive Officer of NewAmsterdam Pharma
and holds stock or stock options. Dr Hsieh is the Executive Director of
Research and Development of NewAmsterdam Pharma and holds
stock or stock options. Drs Ducjkub abd Naju are employees of Mid-
west Biomedical Research, which has received consulting fees and
grant funding from NewAmsterdam Pharma, Acasti Pharma, Beren
Therapeutics, Eli Lilly and Company, Indiana University and Foun-
dation, Matinas BioPharma, NorthSea Therapeutics, and 89Bio.

ADDRESS FOR CORRESPONDENCE: Dr Andrew
Hsieh, NewAmsterdam Pharma, 23660 North Curtis
Court, Long Grove, Illinois 60047, USA. E-mail:
andrew.hsieh@newamsterdampharma.com.

REFERENCES

1. World Health Organization. World health sta- state-of-the-art review.

tistics 2023: monitoring health for the SDGs, 2021;78:931-956.
sustainable development goals. May 19, 2023.

J Am Coll Cardiol. 13. US Food and Drug Administration. Learn about
drug and device approvals. June 18, 2018.
Accessed August 21, 2023. https://www.fda.gov/

Accessed August 21, 2023. https://www.who.int/
publications/i/item/9789240074323

2. Ahmad FB, Cisewski JA, Xu J, Anderson RN.
Provisional mortality data—United States, 2022.
MMWR Morb Mortal Wkly Rep. 2023;72:488-492.

3. Endo A. A historical perspective on the discov-
ery of statins. Proc Jpn Acad Ser B Phys Biol Sci.
2010;86:484-493.

4. Arnett DK, Blumenthal RS, Albert MA, et al.
2019 ACC/AHA guideline on the primary preven-
tion of cardiovascular disease: a report of the
American College of Cardiology/American Heart
Association Task Force on Clinical Practice Guide-
lines. J Am Coll Cardiol. 2019;74:e177-e232.

5. Writing Committee Members, Virani SS,
Newby LK, et al. 2023 AHA/ACC/ACCP/ASPC/NLA/
PCNA guideline for the management of patients
with chronic coronary disease: a report of the
American Heart Association/American College of
Cardiology Joint Committee on Clinical Practice
Guidelines. J Am Coll Cardiol. 2023;82:833-955.

6. Fudim M, Abraham WT, von Bardeleben RS,
et al. Device therapy in chronic heart failure: JACC

7. Fischer MA, Vondriska TM. Clinical epigenomics
for cardiovascular disease: Diagnostics and thera-
pies. J Mol Cell Cardiol. 2021;154:97-105.

8. Jia X, Al Rifai M, Saeed A, Ballantyne CM,
Virani SS. PCSK9 inhibitors in the management of
cardiovascular risk: a practical guidance. Vasc
Health Risk Manag. 2022;18:555-566.

9. Solomon SD, Pfeffer MA. The future of clinical
trials in cardiovascular medicine. Circulation.
2016;133:2662-2670.

10. Hicks KA, Mahaffey KW, Mehran R, et al. 2017
Cardiovascular and stroke endpoint definitions for
clinical trials. J Am Coll Cardiol. 2018;71:1021-
1034.

11. US Food and Drug Administration. Frequently
asked questions on patents and exclusivity February
5, 2020. Accessed September 1, 2023. Available at:
https://www.fda.gov/drugs/development-approval-
process-drugs/frequently-asked-questions-patents-
and-exclusivity#howlongexclusivity

12. 117th Congress (2021-2022). H.R.5376—Infla-
tion Reduction Act of 2022. 2022. Accessed
August 21, 2023. https://www.congress.gov/
bill/117th-congress/house-bill/5376

patients/learn-about-drug-and-device-approvals

14. Darrow JJ, Avorn J, Kesselheim AS. FDA
Approval and regulation of pharmaceuticals,
1983-2018. JAMA. 2020;323:164-176.

15. Usman MS, van Spall HGC, Greene SJ, et al.
The need for increased pragmatism in cardiovas-
cular clinical trials. Nat Rev Cardiol. 2022;19:737-
750.

16. Schwartz D, Lellouch J. Explanatory and
pragmatic  attitudes in therapeutical trials.
J Chronic Dis. 1967;20:637-648.

17. Center for Drug Evaluation and Research
(CDER), Food and Drug Administration, US
Department of Health and Human Services. Hy-
pertension: conducting studies of drugs to treat
patients on a background of multiple antihyper-
tensive drugs. Guidance for industry. July 2018.
Accessed August 21, 2023. https://www.fda.gov/
media/114731/download

18. Center for Drug Evaluation and Research
(CDER). Food and Drug Administration, US
Department of Health and Human Services. Guid-
ance for industry. Hypertension indication: drug
labeling for cardiovascular outcome claims. March


mailto:andrew.hsieh@newamsterdampharma.com
https://www.who.int/publications/i/item/9789240074323
https://www.who.int/publications/i/item/9789240074323
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref2
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref2
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref2
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref3
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref3
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref3
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref4
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref4
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref4
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref4
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref4
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref4
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref5
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref5
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref5
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref5
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref5
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref5
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref5
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref6
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref6
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref6
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref6
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref7
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref7
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref7
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref8
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref8
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref8
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref8
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref9
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref9
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref9
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref10
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref10
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref10
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref10
https://www.fda.gov/drugs/development-approval-process-drugs/frequently-asked-questions-patents-and-exclusivity#howlongexclusivity
https://www.fda.gov/drugs/development-approval-process-drugs/frequently-asked-questions-patents-and-exclusivity#howlongexclusivity
https://www.fda.gov/drugs/development-approval-process-drugs/frequently-asked-questions-patents-and-exclusivity#howlongexclusivity
https://www.congress.gov/bill/117th-congress/house-bill/5376
https://www.congress.gov/bill/117th-congress/house-bill/5376
https://www.fda.gov/patients/learn-about-drug-and-device-approvals
https://www.fda.gov/patients/learn-about-drug-and-device-approvals
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref14
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref14
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref14
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref15
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref15
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref15
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref15
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref16
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref16
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref16
https://www.fda.gov/media/114731/download
https://www.fda.gov/media/114731/download

JACC: BASIC TO TRANSLATIONAL SCIENCE VOL. 9, NO. 8, 2024

AUGUST 2024:1029-1040

2011. Accessed August 21, 2023. https://www.fda.
gov/media/134777/download

19. Center for Drug Evaluation and Research
(CDER), Food and Drug Administration, US
Department of Health and Human Services. Hy-
pertension: developing fixed-combination drug
products for treatment. Guidance for industry.
November 2018. Accessed August 21, 2023.
https://www.fda.gov/media/117975/download

20. Center for Drug Evaluation and Research
(CDER). Center for Biologics Evaluation and
Research (CBER), Food and Drug Administration,
US Department of Health and Human Services.
Treatment for heart failure: end points for drug
development. Guidance for industry. Clinical. June
2019. Accessed August 1, 2023. https://www.fda.
gov/media/128372/download

21. Center for Drug Evaluation and Research
(CDER), Food and Drug Administration, US
Department of Health and Human Services. Guid-
ance for industry. Diabetes mellitus-evaluating
cardiovascular risk in new antidiabetic therapies
to treat type 2 diabetes: availability. December 1,
2008. Accessed August 21, 2023. https://www.
federalregister.gov/documents/2008/12/19/E8-
30086/guidance-for-industry-on-diabetes-
mellitus-evaluating-cardiovascular-risk-in-new-
antidiabetic

22, Center for Drug Evaluation and Research
(CDER), Food and Drug Administration, US
Department of Health and Human Services. Type 2
diabetes mellitus: evaluating the safety of new
drugs for improving glycemic control. Guidance for
industry. March 2020. Accessed August 21, 2023.
https://www.fda.gov/media/135936/download

23. Vaduganathan M, Docherty KF, Claggett BL,
et al. SGLT-2 inhibitors in patients with heart
failure: a comprehensive meta-analysis of five
randomised controlled trials. Lancet. 2022;400:
757-767.

24. McNamee LM, Walsh MJ, Ledley FD. Timelines
of translational science: From technology initia-
tion to FDA approval. PLoS One. 2017;12:e0177371.

25. Deloitte Centre for Health Solutions. Seize the
digital momentum: measuring the return from
pharmaceutical innovation 2022. January 2023.
Accessed August 21, 2023. https://www2.deloitte.
com/us/en/pages/life-sciences-and-health-care/
articles/measuring-return-from-pharmaceutical-
innovation.html

26. Moore TJ, Heyward J, Anderson G,
Alexander GC. Variation in the estimated costs of
pivotal clinical benefit trials supporting the US
approval of new therapeutic agents, 2015-2017: a
cross-sectional study. BMJ Open. 2020;10:

e038863.

27. Pamella F, Magazzini L, Riccaboni M. The
productivity crisis in pharmaceutical R&D. Nat Rev
Drug Discov. 2011;10:428-348.

28. Fordyce CB, Roe MT, Ahmad T, et al. Cardio-
vascular drug development: is it dead or just hi-
bernating? J Am Coll Cardiol. 2015;65:1567-1582.

29. Congressional Budget Office. Research and
development in the pharmaceutical industry. April
2021. Accessed August 21, 2023. https://www.
cbo.gov/system/files/2021-04/57025-Rx-RnD.pdf

30. Li T, Jiang S, Ni B, Cui Q, Liu Q, Zhao H. Dis-
continued drugs for the treatment of cardiovas-
cular disease from 2016 to 2018. Int J Mol Sci.
2019;20:4513.

31. Cicha I. The grand challenges in cardiovascular
drug delivery. Front Drug Deliv. 2021;1:784731.

32. Nam DJ. Patent & regulatory exclusivities: the
two keys driving generic and follow-on market
availability. U.S. Pharmacist; June 16. 2016.
Accessed September 1, 2023. https://www.
uspharmacist.com/article/patent-and-regulatory-
exclusivities-the-two-keys-driving-generic-and-
followon-market-availability

33. Goldman D, Grogan J, Lakdawalla D, et al.
Mitigating the Inflation Reduction Act's adverse
impacts on the prescription drug market. USC
Leonard D. Schaeffer Center for Health Policy &
Economics. April 13, 2023. Accessed August 21,
2023. https://healthpolicy.usc.edu/research/
mitigating-the-inflation-reduction-acts-potential-
adverse-impacts-on-the-prescription-drug-market/

34. Cubanski J, Rae M, Young K, Damico A. How
does prescription drug spending and use compare
across large employer plans, Medicare Part D, and
Medicaid? KFF. May 20, 2019. Accessed August 21,
2023.  https://www.kff.org/report-section/how-
does-prescription-drug-spending-and-use-compare-
across-large-employer-plans-medicare-part-d-
and-medicaid-chart-collection/

35. Dusetzina SB, Huskamp HA, Qin X, Keating NL.
Prescription drug spending in fee-for-service
Medicare, 2008-2019. JAMA. 2022;328:1515-
1522.

36. Rome BN, Nagar S, Egilman AC, Wang J,
Feldman WB, Kesselheim AS. Simulated Medicare
drug price negotiation under the Inflation Reduc-
tion Act of 2022. JAMA Health Forum. 2023;4:
€225218.

37. Hooper CL, Henderson DR. Expensive pre-
scription drugs are a bargain: the Inflation
Reduction Act gives the government the ability to
“negotiate” prices. People will die. Wall Street
Journal; September 13, 2022. August 21, 2023.
https://www.wsj.com/articles/expensive-medications-
are-a-bargain-drug-cost-expense-inflation-reduction-
act-brand-name-pharmaceutical-treatments-11663
080540

38. Ly DP, Giuriato MA, Song Z. Changes in pre-
scription drug and health care use over 9 years
after the large drug price increase for colchicine.
JAMA Intern Med. 2023;183:670-676.

39. Dubois P, de Mouzon O, Scott-Morton F,
Seabright P. Market size and pharmaceutical
innovation. RAND J Econ. 2015;46:844-871.

40. Philipson TJ, Durie T. Issue brief: the impact of
HR 5376 on biopharmaceutical innovation and
patient health. University of Chicago; November
29, 2021. August 21, 2023. https://cpb-us-w2.
wpmucdn.com/voices.uchicago.edu/dist/d/3128/
files/2021/08/Issue-Brief-Drug-Pricing-in-HR-5376-
11.30.pdf

41. Blume-Kohout ME, Sood N. Market size and
innovation: effects of Medicare Part D on phar-
maceutical research and development. J Public
Econ. 2013;97:327-336.

42. Frank RG, Shahzad M, Emanuel EJ. Acceler-
ated approval of cancer drugs: no economic

Davidson et al
Enhancing Cost-Effectiveness for CV Therapeutic Development

reward for drug makers that conduct confirmatory
trials. Health Aff (Millwood). 2022;41:1273-1280.

43. US Department of Health and Human Services.
HHS selects the first drugs for Medicare drug price
negotiation. August 29, 2023. Accessed
September 6, 2023. https://www.hhs.gov/about/
news/2023/08/29/hhs-selects-the-first-drugs-
for-medicare-drug-price-negotiation.html

44. |smail WW, Witry MJ, Urmie JM. The associa-
tion between cost sharing, prior authorization, and
specialty drug utilization: a systematic review.
J Manag Care Spec Pharm. 2023;29:449-463.

45. Arrieta A, Hong JC, Khera R, Virani SS,
Krumholz HM, Nasir K. Updated cost-effectiveness
assessments of PCSK9 inhibitors from the per-
spectives of the health system and private payers:
insights derived from the FOURIER trial. JAMA
Cardiol. 2017;2:1369-1374.

46. Zabor EC, Kaizer AM, Hobbs BP. Randomized
controlled trials. Chest. 2020;158:579-587.

47. Evans SR. Fundamentals of clinical trial
design. J Exp Stroke Transl Med. 2010;3:19-27.

48. Scott  JV, Garnett CE, Kanwar MK,
Stockbridge NL, Benza RL. Enrichment benefits of
risk algorithms for pulmonary arterial hyperten-
sion clinical trials. Am J Respir Crit Care Med.
2021;203:726-736.

49. Center for Drug Evaluation and Research
(CDER). Center for Biologics Evaluation and
Research (CBER), Food and Drug Administration,
US Department of Health and Human Services.
Enrichment strategies for clinical trials to support
determination of effectiveness of human drugs
and biological products. Guidance for industry.
March 2019. Accessed August 21, 2023. https://
www.fda.gov/media/121320/download

50.Li J, Zhao L, Tian L, et al. A predictive
enrichment procedure to identify potential re-
sponders to a new therapy for randomized,
comparative controlled clinical studies. Biometrics.
2016;72:877-887.

51. Green DJ, Liu XI, Hua T, et al. Enrichment
strategies in pediatric drug development: an
analysis of trials submitted to the US Food and
Drug Administration. Clin Ther.
2018;104:983-988.

Pharmacol

52. Lincoff AM, Nicholls SJ, Riesmeyer JS, et al.
Evacetrapib and cardiovascular outcomes in high-
risk vascular disease. N Engl J Med. 2017;376:
1933-1942.

53. HPS3/TIMIS5-REVEAL Collaborative Group,
Bowman L, Hopewell JC, Chen F, et al. Effects of
anacetrapib in patients with atherosclerotic
vascular disease. N Engl J Med. 2017;377:1217-
1227.

54, Cannon CP, Blazing MA, Giugliano RP, et al.
Ezetimibe added to statin therapy after acute
coronary syndromes. N Engl J Med. 2015;372:
2387-2397.

55. Baigent C, Keech A, Kearney PM, et al. Efficacy
and safety of cholesterol-lowering treatment:
prospective meta-analysis of data from 90,056
participants in 14 randomised trials of statins.
Lancet. 2005;366:1267-1278.

56. Silverman MG, Ference BA, Im K, et al. Asso-
ciation  between  lowering  LDL-C  and


https://www.fda.gov/media/134777/download
https://www.fda.gov/media/134777/download
https://www.fda.gov/media/117975/download
https://www.fda.gov/media/128372/download
https://www.fda.gov/media/128372/download
https://www.federalregister.gov/documents/2008/12/19/E8-30086/guidance-for-industry-on-diabetes-mellitus-evaluating-cardiovascular-risk-in-new-antidiabetic
https://www.federalregister.gov/documents/2008/12/19/E8-30086/guidance-for-industry-on-diabetes-mellitus-evaluating-cardiovascular-risk-in-new-antidiabetic
https://www.federalregister.gov/documents/2008/12/19/E8-30086/guidance-for-industry-on-diabetes-mellitus-evaluating-cardiovascular-risk-in-new-antidiabetic
https://www.federalregister.gov/documents/2008/12/19/E8-30086/guidance-for-industry-on-diabetes-mellitus-evaluating-cardiovascular-risk-in-new-antidiabetic
https://www.federalregister.gov/documents/2008/12/19/E8-30086/guidance-for-industry-on-diabetes-mellitus-evaluating-cardiovascular-risk-in-new-antidiabetic
https://www.fda.gov/media/135936/download
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref23
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref23
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref23
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref23
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref23
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref24
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref24
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref24
https://www2.deloitte.com/us/en/pages/life-sciences-and-health-care/articles/measuring-return-from-pharmaceutical-innovation.html
https://www2.deloitte.com/us/en/pages/life-sciences-and-health-care/articles/measuring-return-from-pharmaceutical-innovation.html
https://www2.deloitte.com/us/en/pages/life-sciences-and-health-care/articles/measuring-return-from-pharmaceutical-innovation.html
https://www2.deloitte.com/us/en/pages/life-sciences-and-health-care/articles/measuring-return-from-pharmaceutical-innovation.html
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref26
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref26
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref26
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref26
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref26
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref26
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref27
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref27
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref27
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref28
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref28
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref28
https://www.cbo.gov/system/files/2021-04/57025-Rx-RnD.pdf
https://www.cbo.gov/system/files/2021-04/57025-Rx-RnD.pdf
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref30
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref30
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref30
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref30
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref31
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref31
https://www.uspharmacist.com/article/patent-and-regulatory-exclusivities-the-two-keys-driving-generic-and-followon-market-availability
https://www.uspharmacist.com/article/patent-and-regulatory-exclusivities-the-two-keys-driving-generic-and-followon-market-availability
https://www.uspharmacist.com/article/patent-and-regulatory-exclusivities-the-two-keys-driving-generic-and-followon-market-availability
https://www.uspharmacist.com/article/patent-and-regulatory-exclusivities-the-two-keys-driving-generic-and-followon-market-availability
https://healthpolicy.usc.edu/research/mitigating-the-inflation-reduction-acts-potential-adverse-impacts-on-the-prescription-drug-market/
https://healthpolicy.usc.edu/research/mitigating-the-inflation-reduction-acts-potential-adverse-impacts-on-the-prescription-drug-market/
https://healthpolicy.usc.edu/research/mitigating-the-inflation-reduction-acts-potential-adverse-impacts-on-the-prescription-drug-market/
https://www.kff.org/report-section/how-does-prescription-drug-spending-and-use-compare-across-large-employer-plans-medicare-part-d-and-medicaid-chart-collection/
https://www.kff.org/report-section/how-does-prescription-drug-spending-and-use-compare-across-large-employer-plans-medicare-part-d-and-medicaid-chart-collection/
https://www.kff.org/report-section/how-does-prescription-drug-spending-and-use-compare-across-large-employer-plans-medicare-part-d-and-medicaid-chart-collection/
https://www.kff.org/report-section/how-does-prescription-drug-spending-and-use-compare-across-large-employer-plans-medicare-part-d-and-medicaid-chart-collection/
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref35
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref35
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref35
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref35
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref36
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref36
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref36
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref36
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref36
https://www.wsj.com/articles/expensive-medications-are-a-bargain-drug-cost-expense-inflation-reduction-act-brand-name-pharmaceutical-treatments-11663080540
https://www.wsj.com/articles/expensive-medications-are-a-bargain-drug-cost-expense-inflation-reduction-act-brand-name-pharmaceutical-treatments-11663080540
https://www.wsj.com/articles/expensive-medications-are-a-bargain-drug-cost-expense-inflation-reduction-act-brand-name-pharmaceutical-treatments-11663080540
https://www.wsj.com/articles/expensive-medications-are-a-bargain-drug-cost-expense-inflation-reduction-act-brand-name-pharmaceutical-treatments-11663080540
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref38
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref38
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref38
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref38
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref39
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref39
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref39
https://cpb-us-w2.wpmucdn.com/voices.uchicago.edu/dist/d/3128/files/2021/08/Issue-Brief-Drug-Pricing-in-HR-5376-11.30.pdf
https://cpb-us-w2.wpmucdn.com/voices.uchicago.edu/dist/d/3128/files/2021/08/Issue-Brief-Drug-Pricing-in-HR-5376-11.30.pdf
https://cpb-us-w2.wpmucdn.com/voices.uchicago.edu/dist/d/3128/files/2021/08/Issue-Brief-Drug-Pricing-in-HR-5376-11.30.pdf
https://cpb-us-w2.wpmucdn.com/voices.uchicago.edu/dist/d/3128/files/2021/08/Issue-Brief-Drug-Pricing-in-HR-5376-11.30.pdf
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref41
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref41
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref41
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref41
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref42
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref42
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref42
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref42
https://www.hhs.gov/about/news/2023/08/29/hhs-selects-the-first-drugs-for-medicare-drug-price-negotiation.html
https://www.hhs.gov/about/news/2023/08/29/hhs-selects-the-first-drugs-for-medicare-drug-price-negotiation.html
https://www.hhs.gov/about/news/2023/08/29/hhs-selects-the-first-drugs-for-medicare-drug-price-negotiation.html
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref44
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref44
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref44
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref44
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref45
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref45
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref45
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref45
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref45
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref45
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref46
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref46
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref47
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref47
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref48
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref48
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref48
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref48
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref48
https://www.fda.gov/media/121320/download
https://www.fda.gov/media/121320/download
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref50
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref50
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref50
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref50
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref50
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref51
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref51
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref51
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref51
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref51
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref52
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref52
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref52
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref52
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref53
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref53
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref53
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref53
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref53
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref54
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref54
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref54
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref54
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref55
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref55
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref55
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref55
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref55
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref56
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref56

1040

Davidson et al
Enhancing Cost-Effectiveness for CV Therapeutic Development

cardiovascular risk reduction among different
therapeutic interventions: a systematic review and
meta-analysis. JAMA. 2016;316:1289-1297.

57. Love SB, Yorke-Edwards V, Ward E, et al. What
is the purpose of clinical trial monitoring? Trials.
2022;23:836.

58. Fu Z, Liu X, Zhao S, Yuan Y, Jiang M. Reducing
clinical trial monitoring resources and costs with
remote monitoring: retrospective study comparing
on-site versus hybrid monitoring. J Med Internet
Res. 2023;25:e42175.

59. Adams A, Adelfio A, Barnes B, et al. Risk-based
monitoring in clinical trials: 2021 update. Ther
Innov Regul Sci. 2023;57:529-537.

60. Center for Drug Evaluation and Research
(CDER) et al. Center for Biologics Evaluation and
Research (CBER), Food and Drug Administration.
Guidance for industry. Oversight of clinical in-
vestigations —a risk-based approach to monitoring.
US Department of Health and Human Services;
August 2013. Accessed September 5, 2023.
https://www.fda.gov/media/116754/download

61. Center for Drug Evaluation and Research
(CDER) et al. Food and Drug Administration, US
Department of Health and Human Services. A risk-
based approach to monitoring of clinical in-
vestigations. Questions and answers. Guidance for
industry. April 2023. Accessed September 6, 2023.
https://www.fda.gov/media/121479/download

62. Bebu |, Lachin JM. Properties of composite
time to first event versus joint marginal analyses
of multiple outcomes. Stat Med. 2018;37:3918-
3930.

63. Baracaldo-Santamaria D, Feliciano-Alfonso JE,
Ramirez-Grueso R, Rojas-Rodriguez LC, Domi-
nguez-Dominguez CA, Calderon-Ospina CA. Mak-
ing sense of composite endpoints in clinical
research. J Clin Med. 2023;12:4371.

64. Murphy SA, Cannon CP, Blazing MA, et al.
Reduction in total cardiovascular events with
ezetimibe/simvastatin post-acute coronary syn-
drome: the IMPROVE-IT trial. J Am Coll Cardiol.
2016;67:353-361.

65. Murphy SA, Pedersen TR, Gaciong ZA, et al.
Effect of the PCSK9 inhibitor evolocumab on total
cardiovascular events in patients with cardiovas-
cular disease: a prespecified analysis from the
FOURIER trial. JAMA Cardiol. 2019;4:613-619.

66. Anker SD, McMurray JJ. Time to move on from
“time-to-first": should all events be included in
the analysis of clinical trials? Eur Heart J. 2012;33:
2764-2765.

67. Rogers JK, Pocock SJ, McMurray JJ, et al.
Analysing recurrent hospitalizations in heart fail-
ure: a review of statistical methodology, with
application to CHARM-Preserved. Eur J Heart Fail.
2014;16:33-40.

68. Bhatt DL, Steg PG, Miller M, et al. Effects of
icosapent ethyl on total ischemic events: from

JACC: BASIC TO TRANSLATIONAL SCIENCE VOL. 9, NO. 8, 2024

REDUCE-IT. J Am Coll Cardiol. 2019;73:2791-
2802.

69. Szarek M, White HD, Schwartz GG, et al. Alir-
ocumab reduces total nonfatal cardiovascular and
fatal events: the ODYSSEY OUTCOMES trial. J Am
Coll Cardiol. 2019;73:387-396.

70. Esperion. Esperion presents two CLEAR Out-
comes study late-breakers at European Society of
Cardiology Congress. 2023. August 26, 2023.
2023. https://www.esperion.com/node/15861/pdf

71. Furberg JK, Rasmussen S, Andersen PK,
Ravn H. Methodological challenges in the analysis
of recurrent events for randomised controlled
trials with application to cardiovascular events in
LEADER. Pharm Stat. 2022;21:241-267.

72. Claggett B, Pocock S, Wei LJ, Pfeffer MA,
McMurray JJV, Solomon SD. Comparison of time-
to-first event and recurrent-event methods in
randomized clinical trials. Circulation. 2018;138:
570-577.

73. Redfors B, Gregson J, Crowley A, et al. The win
ratio approach for composite endpoints: practical
guidance based on previous experience. Eur Heart
J. 2020;41:4391-4399.

74. Claggett BL, McCaw ZR, Tian L, et al. Quanti-
fying treatment effects in trials with multiple
event-time outcomes. NEJM Evid. 2022;1.

75. Gregson J, Stone GW, Bhatt DL, et al. Recur-
rent events in cardiovascular trials: JACC state-of-
the-art review. J Am Coll Cardiol. 2023;82:1445-
1463.

76. Krumholz-Bahner S, Garibbo M, Getz KA.
Widler be. an overview and analysis regarding the
use of adjudication methods in EU and US drug
approvals. Ther Innov Regul Sci. 2015;49:831-839.

77. Center for Drug Evaluation and Research
(CDER) et al. Food and Drug Administration, US
Department of Health and Human Services. Guid-
ance for clinical trial sponsors. Establishment and
operation of clinical trial data monitoring com-
mittees. March 2006. Accessed September 6,
2023. https://www.fda.gov/media/75398/
download

78. Granger CB, Vogel V, Cummings SR, et al. Do
we need to adjudicate major clinical events? Clin
Trials. 2008;5:56-60.

79. Ndounga Diakou LA, Trinquart L,
Hrobjartsson A, et al. Comparison of central
adjudication of outcomes and onsite outcome
assessment on treatment effect estimates.
Cochrane Database Syst Rev. 2016;3:MR00043.

80. Pogue J, Walter SD, Yusuf S. Evaluating the
benefit of event adjudication of cardiovascular
outcomes in large simple RCTs. Clin Trials.
2009;6:239-251.

81. Bhindi R, Guan M, Zhao Y, Humphries KH,
Mancini GBJ. Coronary atheroma regression and
adverse cardiac events: A systematic review and

AUGUST 2024:1029-1040

meta-regression
2019;284:194-201.

analysis. Atherosclerosis.

82. Tsao CW, Aday AW, Almarzooq ZI, et al. Heart
disease and stroke statistics—2023 update: a
report from the American Heart Association. Cir-
culation. 2023;147:€93-e621.

83. Dawson LP, Lum M, Nerleker N, Nicholls SJ,
Layland J. Coronary atherosclerotic plaque
regression: JACC state-of-the-art review. J Am
Coll Cardiol. 2022;79:66-82.

84. latan |, Guan M, Humphries KH, Yeoh E,
Mancini GBJ. Atherosclerotic coronary plaque
regression and risk of adverse cardiovascular
events: a systematic review and updated meta-
regression analysis. JAMA Cardiol. 2023;8:937-945.

85. van Rosendael AR, van den Hoogen 1J,
Gianni U, et al. Association of statin treatment with
progression of coronary atherosclerotic plaque
composition. JAMA Cardiol. 2021;6:1257-1266.

86. van Driest FY, Bijns CM, van der Geest RJ,
et al. Utilizing (serial) coronary computed to-
mography angiography (CCTA) to predict plaque
progression and major adverse cardiac events
(MACE): results, merits and challenges. Eur Radiol.
2022;32:3408-3422.

87. Aldana-Bitar J, Bhatt DL, Budoff MJ. Regres-
sion and stabilization of atherogenic plaques.
Trends Cardiovasc Med. 2024;34(5):340-346.
https://doi.org/10.1016/j.tcm.2023.07.002

88. Bienstock S, Lin F, Blankstein R, et al. Ad-
vances in coronary computed tomographic angio-
graphic imaging of atherosclerosis for risk
stratification and preventive care. JACC Cardiovasc
Imaging. 2023;16:1099-1115.

89. Tarkin JM, Dweck MR, Rudd JHF. Imaging as a
surrogate marker of drug efficacy in cardiovascular
disease. Heart. 2019;105:567-578.

90. Puri R, Libby P, Nissen SE, et al. Long-term
effects of maximally intensive statin therapy on
changes in coronary atheroma composition: in-
sights from SATURN. Eur Heart J Cardiovasc Im-
aging. 2014;15:380-388.

91. Nicholls SJ, Kataoka Y, Nissen SE, et al. Effect
of evolocumab on coronary plaque phenotype and
burden in statin-treated patients following
myocardial infarction. JACC Cardiovasc Imaging.
2022;15:1308-1321.

92, Raber L, Ueki Y, Otsuka T, et al. Effect of
alirocumab added to high-intensity statin therapy
on coronary atherosclerosis in patients with acute
myocardial infarction: the PACMAN-AMI random-
ized clinical trial. JAMA. 2022;327:1771-1781.

93, Prischl FC, Rossing P, Bakris G, Mayer G,
Wanner C. Major adverse renal events (MARE): a
proposal to unify renal endpoints. Nephrol Dial
Transplant. 2021;36:491-497.

KEY WORDS cardiovascular outcomes
trials, lipid-lowering drugs, payers


http://refhub.elsevier.com/S2452-302X(24)00002-0/sref56
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref56
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref56
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref57
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref57
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref57
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref58
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref58
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref58
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref58
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref58
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref59
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref59
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref59
https://www.fda.gov/media/116754/download
https://www.fda.gov/media/121479/download
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref62
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref62
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref62
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref62
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref63
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref63
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref63
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref63
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref63
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref64
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref64
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref64
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref64
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref64
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref65
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref65
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref65
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref65
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref65
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref66
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref66
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref66
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref66
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref67
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref67
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref67
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref67
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref67
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref68
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref68
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref68
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref68
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref69
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref69
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref69
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref69
https://www.esperion.com/node/15861/pdf
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref71
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref71
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref71
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref71
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref71
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref72
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref72
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref72
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref72
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref72
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref73
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref73
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref73
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref73
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref74
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref74
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref74
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref75
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref75
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref75
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref75
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref76
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref76
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref76
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref76
https://www.fda.gov/media/75398/download
https://www.fda.gov/media/75398/download
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref78
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref78
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref78
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref79
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref79
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref79
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref79
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref79
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref80
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref80
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref80
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref80
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref81
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref81
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref81
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref81
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref81
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref82
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref82
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref82
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref82
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref83
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref83
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref83
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref83
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref84
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref84
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref84
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref84
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref84
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref85
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref85
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref85
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref85
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref86
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref86
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref86
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref86
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref86
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref86
https://doi.org/10.1016/j.tcm.2023.07.002
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref88
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref88
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref88
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref88
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref88
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref89
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref89
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref89
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref90
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref90
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref90
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref90
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref90
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref91
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref91
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref91
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref91
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref91
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref92
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref92
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref92
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref92
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref92
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref93
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref93
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref93
http://refhub.elsevier.com/S2452-302X(24)00002-0/sref93

	The Imperative to Enhance Cost-Effectiveness for Cardiovascular Therapeutic Development
	Overview of the Process
	Costs of Development
	Regulatory Environment
	Reducing Cost for CVOTS
	Reduction in sample size requirements
	Reduction in number of clinic visits and trial duration
	Remote and targeted (risk-based) clinical trial monitoring
	Total events vs first event
	Adjudicated vs nonadjudicated MACE
	Considering expanded cardiovascular endpoints and surrogate endpoints

	Conclusions
	Acknowledgments
	Funding Support and Author Disclosures
	References


