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Abstract

Regulatory authorities interpret the results of randomized controlled trials according to published principles. The European
Medicines Agency (EMA) is planning a revision of the 2000 and 2003 guidance documents on clinical investigation of new
medicinal products for the treatment of acute coronary syndrome (ACS) to achieve consistency with current knowledge
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in the field. This manuscript summarizes the key output from a collaborative workshop, organized by the Cardiovascular
Round Table and the European Affairs Committee of the European Society of Cardiology, involving clinicians, academic
researchers, trialists, European and US regulators, and pharmaceutical industry researchers. Specific questions in four
key areas were selected as priorities for changes in regulatory guidance: patient selection, endpoints, methodologic issues
and issues related to the research for novel agents. Patients with ST-segment elevation myocardial infarction (STEMI)
and non-STEMI (NSTEMI) should be studied separately for therapies aimed at the specific pathophysiology of either
condition, particularly for treatment of the acute phase, but can be studied together for other treatments, especially
long-term therapy. Unstable angina patients should be excluded from acute phase ACS trials. In general, cardiovascular
death and reinfarction are recommended for primary efficacy endpoints; other endpoints may be considered if specifically
relevant for the therapy under study. New agents or interventions should be tested against a background of evidence-
based therapy with expanded follow-up for safety assessment. In conclusion, new guidance documents for randomized
controlled trials in ACS should consider changes regarding patient and endpoint selection and definitions, and trial

designs. Specific requirements for the evaluation of novel pharmacological therapies need further clarification.
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Introduction

Acute coronary syndrome (ACS) is an active area of drug
development. The European Medicines Agency (EMA)
released guidance documents for the clinical development
of therapies for non-ST-segment elevation myocardial
infarction (NSTEMI) in 2000 and ST-segment elevation
myocardial infarction (STEMI) in 2003.!2 These docu-
ments need updating to achieve consistency with evolving
knowledge in ACS.

The Cardiovascular Round Table and European Affairs
committee of the European Society of Cardiology con-
vened a dedicated two-day workshop to discuss the revi-
sion of the EMA guidance on the clinical investigation of
new medicinal products for the treatment of acute coronary
syndrome (CPMP/EWP/570/98 and CPMP/EWP/967/01).3
Critical questions relevant to the investigation of new ACS
therapies were explored during the workshop. Four topic
areas were addressed: (a) patient population and risk strati-
fication; (b) endpoint selection; (c¢) clinical trial design; (d)
research approaches for novel agents. This paper summa-
rizes the key output from the workshop, provides areas of
expert consensus, and identifies gaps that need further
research.

Patient population

Inclusion of STEMI and NSTEMI patients in
clinical trials: together or separate?

Myocardial infarction (MI) is characterized by myocardial
cell death resulting from prolonged severe ischaemia.*
Patients with STEMI have higher in-hospital mortality
rates while NSTEMI patients have higher event rates after
discharge,’ catching up at one year,® with similar all-cause

death rates after 10 years.” Classification of MI into STEMI
and NSTEMI subtypes grossly delineates patients who
need immediate reperfusion therapy versus those requiring
a less rapid invasive strategy,®® although this is occasion-
ally challenging. In fact, differentiating STEMI and
NSTEMI patients can be complex, and some clinical cir-
cumstances may dictate treatment that goes beyond the pre-
sumptive diagnosis at presentation (e.g. ongoing ischaemia
or extensive necrosis that presents electrocardiographically
without ST elevation but evolves as STEMI).

The decision to include both STEMI and NSTEMI
patients in a clinical trial or to limit enrolment to one MI
type should be based on the specific differences in initial
management (Table 1). Including only STEMI patients is
reasonable for strategies or techniques for rapid reperfusion
or optimization of patency of acute total coronary occlu-
sions (primary percutaneous coronary intervention (PCI) or
thrombolysis), adjuvant therapies for reperfusion, or treat-
ments for the prevention of reperfusion damage.!%!!
Limiting enrolment to NSTEMI patients is reasonable for
studies evaluating diagnostic strategies to detect myocar-
dial necrosis or therapies in patients who do not require
immediate revascularization.!>!3 Randomized controlled
trials should enrol both STEMI and NSTEMI patients to
evaluate common initial therapies such as initial antithrom-
botic therapy,'#!5 and therapies targeting the post-acute
phase such as anti-ischaemic agents targeting myocardial
preservation, anti-remodeling agents aiming to prevent
post-MI heart failure,!¢ revascularization strategies in par-
tially occluded non-culprit coronary arteries, or therapies
aiming to address the residual risk after ACS (e.g. second-
ary prevention such as lipid-lowering drugs, antithrombot-
ics or lifestyle modifications).!”-18
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Table I. Study populations in acute coronary syndrome trials.

Therapy type STEMI NSTEMI
Rapid restoration of patency of acute v +/—
total coronary occlusions

Thrombolysis v

Adjuvant therapies for reperfusion v
Anti-remodeling agents, prevention of v v
post-MI heart failure

Anti-ischaemic agents, myocardial v v
preservation

New antithrombotic drugs v v
Diagnostics (biomarkers) v
Revascularization strategies v v
Secondary prevention (e.g. v v
lipid lowering, antithrombotics,

anticoagulants)

Lifestyle modifications 4 v

MI: myocardial infarction; NSTEMI: non-ST-segment elevation myocardial
infarction; STEMI: ST-segment-elevation myocardial infarction.

Although it is recognized that disease classifications cannot
capture every clinical scenario, it was recommended to design
clinical trials according to these recommendations (Table 2).
Deviations from this approach may be appropriate, but they
should be justified in the study protocol and discussed with
regulatory authorities as needed. When both patient types are
included, stratification is recommended to ensure balanced
enrolment, but this may not be needed if trials are sufficiently
large. Although the presence of ST segment elevation is
only one of many important prognostic factors, STEMI and
NSTEMI should be studied as subgroups.

Patient risk

The number of events in a clinical trial depends on the trial
size and the risk level of the patients. A high risk patient pop-
ulation may be needed to efficiently accrue the target number
of events (i.e. by adding ‘enrichment criteria’ to the inclusion
criteria),!® but results may not be applicable to the general
population and practising clinicians may have difficulty
translating the results into their daily practice. On the other
hand, a broader (i.e. lower risk) patient group may be selected
with a lower event rate, requiring a larger number of patients
and/or an event-driven study design. No clear recommenda-
tion could be agreed for this decision. Ultimately, balance
must be achieved between enrolling the correct broad target
population in confirmatory trials (i.e. with representation of
the elderly, women, ethnic subgroups and patients with
comorbidities), while also ensuring that sufficient homoge-
neity is maintained to avoid diluting the effect size.

Inclusion of unstable angina: is it still appropriate?

The proportion of ACS patients with unstable angina (UA)
(i.e. myocardial ischaemia at rest or minimal exertion in
the absence of cardiomyocyte necrosis)’ is estimated at

20-30% of ACS admissions,?%-22 although the proportion
is decreasing with high-sensitivity troponin assays.*23-24
Many of the patients previously included in trials as ‘unsta-
ble angina’ would now be classified as NSTEMI using
high-sensitivity troponin assays. This reclassification raises
the question of whether the diagnosis of UA should be
reconsidered.? For this reason, the current diagnosis of UA
has been questioned.?> However, excluding patients with
UA from ACS trials can be operationally challenging.
Although excluding UA might strengthen the treatment-
effect signal and reduce the number of patients needed in a
clinical trial, this may result in slower recruitment. Another
challenge relates to the time of randomization, since treat-
ment or enrolment decisions may need to be made before
biomarker results are available. Thus, UA cannot always be
excluded in very early treatment trials, since a definite
diagnosis may not yet be available. On the other hand,
although patients with UA are at lower mortality risk than
patients with NSTEMI2627 even though they are managed
more conservatively,?® research focused on patients with
UA is still needed to characterize the pathophysiology and,
particularly, disease progression, and to identify therapies
that might be specifically effective in these patients. Despite
these controversies, the exclusion of UA patients from most
ACS trials seems, in general, appropriate if such decisions
can be based on high sensitivity troponin assays.

Utility of ACS risk stratification in
randomized control trials

International ACS guidelines recommend the use of risk
scores such as the Global Registry of Acute Coronary
Events (GRACE)* or Thrombolysis in Myocardial
Infarction (TIMI)*® in the clinical care of patients with
ACS.%931 These (and other)?? scores can be used to predict
the risk of death, death or MI, and stroke or major bleeds,*3
and they are useful to guide early treatment decisions.??
Also, scores to assess risk after the early phase may be use-
ful to select patients for trials assessing different strategies
for secondary prevention therapies.*

Risk scores are inconsistently implemented in global
clinical practice.?> One of the reasons might be that the
impact of using those risk scores on patient outcomes has
never been studied. In addition, clinicians may be reluctant
to use these scores because of their perceived complexity
although risk score calculators could easily be integrated
into electronic health records. Uncertainty about which of
the several available scores is most appropriate in a given
setting may also contribute to the lack of their widespread
adoption in clinical practice. Agreement on a single risk
score might result in better penetration. The GRACE score
is applicable to all ACS patients since it was derived from a
large population of unselected ACS patients, has been exter-
nally validated, and predicts short-term and five-year mor-
bidity and mortality.3¢ By contrast, the TIMI risk score was
derived from a selected population enrolled in a randomized
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Table 2. Key recommendations.

Topic

Recommendation

Inclusion of STEMI and NSTEMI
patients in clinical trials: together or
separate?

Should unstable angina patients be
included in ACS trials?

How should ACS risk stratification be
used in randomized, controlled trials?

Which are the appropriate efficacy
and safety endpoints for ACS
randomized controlled trials?

Background therapy and appropriate
comparator arm

Trial duration

Including only STEMI patients is reasonable for strategies or techniques

for rapid reperfusion or optimization of patency of acute total coronary
occlusions (primary PCl or thrombolysis), adjuvant therapies for reperfusion,
or treatments for the prevention of reperfusion damage.

Limiting enrolment to NSTEMI patients is reasonable for studies evaluating
diagnostic strategies to detect myocardial necrosis or therapies in patients
who do not require immediate revascularization.

Randomized controlled trials should enrol both STEMI and NSTEMI patients
to evaluate common initial therapies such as initial antithrombotic therapy,
and therapies targeting the post-acute phase such as anti-ischaemic agents
targeting myocardial preservation, anti-remodeling agents aiming to prevent
post-MI heart failure, revascularization strategies in partially occluded non-
culprit coronary arteries, or therapies aiming to address the residual risk
after ACS (e.g. secondary prevention such as lipid lowering, antithrombotics,
anticoagulants, or lifestyle modifications).

The exclusion of UA patients from most ACS trials seems, in general,
appropriate if such decisions can be based on high sensitivity troponin assays
Unstable angina patients can be enrolled in ACS trials when at the time of
randomization the diagnosis of NSTEMI may not be known but, for these
trials, pre-specified subgroup analyses of NSTEMI and unstable angina should
be planned (and attempts made to adequately power to the extent possible).
Primary analyses should be done in the total population

Secondary analyses should be done by risk scores, using validated risk scores
for the early (e.g. GRACE, TIMI) or later phases

At a minimum, risk score data should be provided to regulators in the
submitted clinical file

Limitations should be recognised and described in publications; even pre-
specified subgroup analyses are often underpowered

CV death + Ml for most studies

Some studies might also include ischaemic stroke, depending on the drug and/
or population

Endpoints that depend on physician preferences or local practices are not
recommended (e.g. ischaemia-driven revascularization procedures)

The clinical setting is key to determining the appropriateness of additional
composite endpoints

A well thought-out justification supporting the composites chosen could be
provided to regulators during the study planning before the protocol is finalized
Need consistent reporting of bleeding. Recommendation to report bleeding by
TIMI, BARC and ISTH for future trials.

Background therapy should relate to the disease state being studied. For
example if the endpoint is CV death and M, then background therapy should
reflect the usual regimen known to influence this endpoint (i.e. lipid lowering
therapy, aspirin, beta-blockers, ACE-inhibitor)

Any potential difference in background therapy should be balanced by
randomization. If it is not, then stratified randomization or stratified analysis
should be applied.

Thirty day follow-up is probably adequate for acute phase treatments for ACS,
whereas a minimum of one-year follow-up or possibly longer is needed for
treatments continued after discharge from hospital. Event driven designs may
be considered for secondary prevention treatments.

ACE: angiotensin converting enzyme; ACS: acute coronary syndrome; BARC: Bleeding Academic Research Consortium; CV: cardiovascular;
GRACE: Global Registry of Acute Coronary Events; ISTH: International Society of Thrombosis and Haemostasis; MI: myocardial infarction;
NSTEMI: non-ST-segment elevation myocardial infarction; PCI: percutaneous coronary intervention; STEMI: ST-segment-elevation myocardial
infarction; TIMI: thrombolysis in myocardial infarction; UA: unstable angina.

trial to predict a ‘softer’ composite outcome, and it has been

less well validated.3¢

In clinical trials, demonstrating a treatment effect depends
critically on the underlying risk. Several important factors

(e.g. age, gender, renal insufficiency, frailty, prior cardiovas-
cular events) identify patients at risk for both adverse out-
comes from thrombotic events, as well as increased bleeding
risk. Selecting high-risk patients not only influences the
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treatment effect but may increase the risk of adverse events,
such as bleeding with anti-thrombotic agents. Rather than
enrichment strategies, risk scores can be applied across a
broader group of patients to identify signals of differential
treatment (or safety) responses across risk subgroups. From
a regulatory perspective, risk scores should be reported or
adequate data should be provided in the study files to enable
risk score(s) calculations. Risk-based analyses can contrib-
ute to the interpretation of study results and provide informa-
tion about generalizability to the wider population of
unselected ACS patients, especially in highly heterogeneous
populations.

Primary analyses should be performed in the overall pop-
ulation to maintain the rigour and statistical validity of the
clinical trial. Analyses by validated and accepted risk scores
and key subgroups should be included as secondary or sup-
portive evaluations. The limitations of risk-based subgroup
analyses should be described when reporting trial results.
These analyses may lead to further prospective studies or
post-marketing surveillance priorities in specific, targeted
populations. Targeted, ‘precision’ medicine is an area of
interest and has the promise of improving patient care by
identifying patients who are most likely to benefit from a
specific treatment. This approach may also be the most cost-
effective. Risk scores and other data (e.g. genetic markers)
may be useful to identify responders and non-responders,
but additional randomized trials would still be needed to test
interventions within these targeted populations.

Endpoints
Efficacy endpoints

The primary composite efficacy endpoints used in ACS
trials typically include a composite of death (all-cause or
cardiovascular), non-fatal reinfarction and non-fatal
stroke. Some composites also include revascularization,
cardiogenic shock or heart failure. Endpoints such as stent
thrombosis, or left ventricular remodeling, might be of
particular interest for therapies targeting the initial myo-
cardial injury.

The use of cardiovascular death instead of all-cause
death in the primary composite endpoint avoids the dilution
of a potential beneficial treatment effect, while the use of
all-cause death is recommended as a safety measure.’’
Accordingly, if the cardiovascular death component of the
composite endpoint is significantly reduced but the point
estimate for all-cause death is shifted towards the null, this
may indicate an increase in non-cardiovascular mortality.
The Supplementary Material, Table 1, displays examples
where cause-specific death was reduced but all-cause death
was not, which emphasizes the importance of performing
detailed analyses of both cause-specific and all-cause end-
points. All-cause mortality will always be evaluated by
regulators for safety, even if it is not the primary endpoint
of the trial.

MI definitions also vary across studies. Troponin eleva-
tion is now essential in MI diagnosis, although concerns
have been raised about a lack of biological equivalence
between different manufactured assays®® given the many
factors that can influence the 99" percentile upper refer-
ence limit within the reference population, which may
have a potential impact on MI endpoints.* Troponin release
occurs in other clinical conditions associated with myocar-
dial injury induced by mechanisms other than coronary
obstruction. Although the definition of type 2 MI is contro-
versial?® and may be modified in the ongoing updating of
the universal definition of MI, it was recommended to
classify Mls according to the defined MI subtypes to delin-
eate spontaneous MIs from MIs unlikely to be influenced
by treatment (e.g. type 2, secondary to imbalance between
myocardial oxygen supply and demand) or Mls that are
generally viewed as less severe or with a better prognosis
(e.g. type 4a, related to PCI).* To establish consistency, the
group agreed that future trials should define MI according
to the third universal definition to facilitate interpretation
of data across clinical trials. This approach is considered
more transparent and should enhance the interpretability
of results.

In patients where reinfarction is suspected from clinical
signs or symptoms following the initial MI, an immediate
measurement of cardiac troponin is recommended. A sec-
ond sample should be obtained 3—6 h later. If the first car-
diac troponin concentration is elevated but stable or
decreasing at the time of suspected reinfarction, the diagno-
sis of reinfarction requires a 20% or greater increase of the
cardiac troponin value in the second sample. If the initial
cardiac troponin concentration is normal, the criteria for
new acute M1 apply.*

Stroke accounts for the smallest proportion of events in
ACS trials. A majority of participants agreed that stroke
should be included in the composite endpoint only if there
is a biological rationale suggesting a treatment effect or a
possible treatment hazard impacting on stroke risk.
Otherwise, including ischaemic stroke as part of the com-
posite endpoint may add complexity and noise rather than
clarity. Haemorrhagic strokes (or all-cause stroke when the
type is uncertain or the intervention has the potential to
increase the risk of any type of stroke) should be assessed
as a safety outcome.

Revascularization endpoints are sometimes incorpo-
rated in composite endpoints. Revascularization endpoints
in a composite may be clinically relevant, but they are sub-
jective and not always biologically driven and hence may
add ‘noise’ to the primary endpoint. For example, the need
for urgent revascularization can reflect investigator prefer-
ence or local practice, rather than the effect of a study drug.
Moreover, independent adjudication of these endpoints is
necessary but can be challenging depending on the infor-
mation and documentation available to the adjudication
committee. Target lesion or target vessel revascularization
endpoints can also be used as part of a composite endpoint,
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but pre-specified criteria need to be documented (e.g. target
lesion failure (TLF) defined as composite of cardiac death,
myocardial infarction attributable to target vessel (TV-MI),
or ischaemic-driven target lesion revascularization (ID-TLR),
luminal measurements, presence of symptoms, evidence
and degree of urgency) are needed to identify and adjudi-
cate these events. Similarly, angina needing revasculariza-
tion requires a robust pre-specified definition (e.g. based on
ischaemic pain, urgent/emergency hospitalization, electro-
cardiogram (ECG) and/or imaging data), adjudication, and
a double-blind design or assessment without knowledge of
the treatment group to minimize the introduction of bias
into clinical decision making, to be accepted as a valid
component of a composite endpoint. Inclusion of revascu-
larization endpoints in a composite endpoint might be most
suitable for strategy or intervention trials where the primary
goal of therapy is revascularization or testing a new coro-
nary stent (e.g. drug-eluting-bioresorbable stents), in con-
trast to drug studies where the goal of therapy may differ.
Ischaemia requiring urgent revascularization could appro-
priately be included in a composite endpoint where there is
a biological rationale for a drug to impact the pathophysiol-
ogy underlying the need for urgent revascularization, pro-
vided a clear and tight definition is given.

Interest in stent thrombosis as an endpoint emerged with
the advent of drug eluting stents. However, stent thrombo-
sis can only be viewed as a surrogate endpoint for a clinical
event when its occurrence would be clearly related to meas-
urable clinical outcome (e.g. MI or sudden death); other-
wise the relevance of stent thrombosis is uncertain. Stent
thrombosis occurs infrequently, is of less concern with
newer technologies, and generally should not be a compo-
nent of the primary efficacy endpoint. However, it may be
a reasonable secondary endpoint for interventional device
trials or trials of antithrombotic drugs during or after PCI.

Each component of a composite endpoint should be indi-
vidually reported. The point estimate for all components
should be directionally similar, even if the effect in the indi-
vidual components is not statistically significant. When con-
sistency across components is not observed (i.e. two or more
components have point estimates that move in different direc-
tions), the interpretation of the overall composite is complex
and regulatory agencies may require additional analyses and/
or specific wording in the label to reflect the results.

Although net clinical benefit endpoints (i.e. the combi-
nation of efficacy and safety in trials of antithrombotics)
can be informative, the interpretation of a net clinical ben-
efit endpoint is complex because the elements are neces-
sarily of different severity. The potential for one component
to overshadow other components is a limitation of their
use. Therefore, it is generally appropriate to report efficacy
endpoints (e.g. ischaemic events) and safety endpoints
(e.g. bleeding events) separately, and to pre-specify defini-
tions in the protocol (e.g. allocation of an initial ischaemic
stroke that becomes haemorrhagic) in order to interpret the

net clinical benefit. Since many ACS drugs target throm-
bosis, the risk for bleeding (safety) correlates closely with
the risk for cardiovascular death or MI (efficacy).
Therefore, additional work that differentiates safety and
efficacy is encouraged.

Achieving general consistency in endpoint selection is
important, but endpoints may need to be tailored according
to their relevance for specific patient types (e.g. STEMI
versus NSTEMI) or therapies (e.g. acute versus chronic,
proven antithrombotic drugs versus novel biologic agents,
drugs to reduce ischaemia versus drugs to prevent heart
failure). As a minimum, most ACS trials should include the
composite of cardiovascular death and non-fatal MI in the
primary efficacy endpoint.

Safety endpoints

Bleeding is the predominant safety concern in most recent
ACS trials, although emerging therapies may have different
safety profiles that raise unique issues in the future. Several
different bleeding definitions have been used in clinical tri-
als, and this heterogeneity impairs the interpretation of
safety, especially across trials. The need to adopt standard
definitions for bleeding events has been recognised.?’40
The Bleeding Academic Research Consortium (BARC)
undertook an initiative to standardize reporting*® but con-
sensus has not yet been reached on a single reporting
approach. Trials that potentially impact on bleeding should
report bleeding events such that BARC, TIMI or
International Society of Thrombosis and Haemostasis
(ISTH)*! criteria can be applied, even if the trial has chosen
a different bleeding composite. Combined use of BARC,
TIMI or ISTH definitions could be considered for future
randomized controlled trials and/or regulatory submissions.
Trial specific bleeding definitions should be avoided.

Considerations for randomized
controlled trial designs

Background therapy

In general, regulators expect that the background ther-
apy should reflect the current standard of care recom-
mended by international guidelines.®® However, the
availability of guideline recommended treatments
depends on external factors such as time delays in the
uptake of new ACS therapies,*? differences in local clini-
cal practice, local reimbursement policies and accessi-
bility of specific therapies. Thus, variations in treatment
strategies exist even within the context of international
guideline recommendations.

Estimating event rates and powering trials appropriately
can be problematic because the ACS field is rapidly evolv-
ing and the standard of care frequently changes. Of the
background treatments for ACS, revascularization may

20z Iudy Gz uo senb Aq 098EE6S/SY.2/8/8/8I0E/20BIYS/WO00"dNO OILBPEdE//:SA)lY WO} POPEOJUMOQ



Bueno et al.

751

have a major impact on later events. Therefore, imbalances
in the use of revascularization between arms, or underutili-
zation of revascularization may confound interpretation of
study results. Regional differences in revascularization
practices can be problematic in multi-regional trials.
Additionally, some background therapies can affect adverse
event risk, especially bleeding risk (e.g. aspirin dose, anti-
coagulants, thrombolytics, antiplatelets). The extent to
which background therapy should be specifically standard-
ized in terms of interventions, timing, drugs and dosing will
depend on the study drug’s mechanism of action or the spe-
cific question being addressed by the trial. Regulators gen-
erally require background therapy that is based on the
available evidence for accurate assessment of benefits and
risks of the therapy being tested and relevant to the majority
of the population under study.

Comparator arm

Randomized controlled trials are designed to determine the
efficacy and safety of a new treatment compared to either
placebo on top of standard care, an active comparator, or a
strategy of withdrawing other active therapy. When design-
ing a trial, selection of an appropriate comparator is critical
but sometimes challenging. The comparator should be clin-
ically relevant and correspond to current medical practice
with an adequate evidence base. In some circumstances,
however, the standard of care has been adopted but never
formally studied in a randomized controlled trial. In gen-
eral, treatments considered to be standard of care should be
part of the background therapy, although flexibility should
be allowed if adding the investigational agent to back-
ground therapy might be expected to increase the risk of
adverse events (e.g. addition of new antithrombotic thera-
pies to background standard of care with dual antiplatelet
therapy). The use of superiority and non-inferiority design
trials is an important methodological issue,* but was not a
topic of discussion at the meeting.

Trial duration

The optimal duration of a trial depends on the treatment
objective. Follow-up beyond the end of therapy in the study
is desirable, but the ideal length depends on the mechanism
of action, pharmacokinetics of the drug, and the duration of
treatment. A therapy given for a very short duration in the
acute setting would be expected to impact short-term events
rather than influencing survival over the longer term (e.g.
=1 year), although a sustained long-term survival benefit
with reperfusion therapy has been demonstrated.** Thirty-
day follow-up is probably adequate for acute phase treat-
ments for ACS, whereas a minimum of one-year follow-up
or possibly longer is needed for treatments continued after
discharge from hospital. Event-driven designs may be con-
sidered for secondary prevention treatments.

From an operational and feasibility standpoint, long fol-
low-up is costly and may introduce analytic challenges
because of those lost to follow-up, trial fatigue, events unre-
lated to the study drug or bias introduced by un-blinding or
the influence of early events on management in the control
arm. However, several healthcare systems now have robust
methods of long-term mortality (and some have morbidity)
reporting based on routine data and this approach has been
validated and demonstrated to be feasible and much less
costly than long-term conventional follow-up.*—+7

Evaluation of novel therapies

Many novel therapies for ACS treatment in the acute phase
and secondary prevention are on the horizon, including
antibodies and other protein-based therapies, cell therapy,
gene therapy and RNA-based therapies.**->* A comprehen-
sive review of these therapies is outside the scope of this
manuscript, but it is useful to consider in general how
development pathways might need to be modified to
accommodate their unique characteristics.

Several challenges for the clinical and regulatory evalu-
ation of new therapies were identified, including (a) the
opposing forces between the lack of feasibility to enrol
thousands of patients in randomized controlled trials with
such therapies against the inability to assess its effects on
traditional primary endpoints with smaller trials; (b) the
issue of bias due to blinding limitations and ethical implica-
tions and effects of sham procedures; (c) the ignorance of
the most appropriate endpoint to evaluate these interven-
tions; (d) the unclear role of the use of surrogate endpoints
(e.g. infarct size, global or regional left ventricular func-
tion) given the inconsistencies found between trials with
surrogate endpoints and adequately powered randomized
controlled trials;*$4955-58 and (e) the long-term safety of
novel therapies, particularly biological therapies, such as
cell or gene therapies or some monoclonal antibodies, is a
new need that needs to be addressed specifically and will
require special approaches, such as very long follow-up or
specific surveillance policies. Further discussion to address
these challenges from a regulatory point of view is needed.

Conclusion

Development programs of new treatments for ACS should
consider the changes that have occurred in ACS definitions,
epidemiology, standards of care and clinical outcomes.
Clinical investigators, trialists and pharmaceutical compa-
nies should also consider this evolution and update relevant
aspects of patient selection, study design and endpoints in
the context of ACS pathophysiology and the agent’s
expected mechanism of action for future studies evaluating
new drugs for the treatment of ACS, or for reducing events
after ACS. The evaluation of novel therapies may require
different and more flexible trial designs, more cost-effective
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recruitment and follow-up, new endpoints and a special
emphasis on long-term safety.
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