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ABSTRACT

besity therapies are reshaping cardiovas-
cular (CV) and metabolic medicine, and
the design of outcome trials will determine
how these therapies are evaluated, approved, and in-
tegrated into clinical practice. The prevalence of
overweight and obesity is anticipated to continue to
rise world-wide, projected to affect nearly 3 billion

The prevalence of obesity has reached pandemic proportions and is having enormous public health effects. Obesity
increases the risk of type 2 diabetes, hypertension, chronic kidney disease, and cardiovascular (CV) disease including
coronary artery disease, heart failure, atrial fibrillation, and stroke. Although initial randomized clinical trials of weight-
loss strategies through diet and exercise or early medical therapies did not lead to improved CV outcomes, more recent
trials using glucagon-Llike peptide-1 (GLP-1) receptor agonists in individuals with obesity have demonstrated CV benefits.
At present, there are multiple cardiovascular outcome trials (CVOTs) of novel GLP-1 receptor agonists and investiga-
tional products targeting multiple hormonal pathways planned or underway. However, the optimal design features of
CVOTs testing novel obesity medications may need to evolve. In this commentary, we discuss regulatory aspects and
study design considerations of CVOTs for obesity medications in the context of previous and ongoing clinical trials and
the future of CVOTSs targeting obesity. We also propose 5 principles to help guide next-generation cardio-kidney-
metabolic outcome trials. (JACC. 2026;m:m-m) © 2026 by the American College of Cardiology Foundation.

adults by 2030." Obesity is a chronic disease defined
by the presence of abnormal or excessive adipose tis-
sue accumulation that negatively affects health out-
comes. The growing disease burden has enormous
public health implications, particularly because indi-
viduals with obesity are at high risk of developing
metabolic and CV risk factors and disease, such as
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ABBREVIATIONS
AND ACRONYMS

BMI = body mass index
CKD = chronic kidney disease

CKM = cardiovascular-kidney-
metabolic

CV = cardiovascular
CVD = cardiovascular disease

CVOT = cardiovascular
outcome trial

GLP-1 = glucagon-like peptide-1
HF = heart failure

HFpEF = heart failure with
preserved ejection fraction

HFrEF = heart failure with
reduced ejection fraction

MACE = major adverse
cardiovascular events

RCT = randomized clinical trial

type 2 diabetes, hypertension, coronary ar-
tery disease, atrial fibrillation and heart fail-
ure (HF).? CV mortality continues to be the
leading cause of death worldwide and
obesity is an increasing driver of cardiovas-
cular disease (CVD).?* Given this, the treat-
ment of obesity may play an important role
in the primary and secondary prevention of
CVD.°

Whether intentional weight loss through
protocolized lifestyle interventions may lead
to improved CV outcomes among individuals
with overweight or obesity was examined in
the Look AHEAD (Action for Health in Dia-
betes) trial. The trial results showed that
among participants with overweight or
obesity and type 2 diabetes, modest weight
loss (~8%) through intensive diet and ex-
ercise did not result in significant CV bene-

fits (either with respect to major adverse
cardiovascular events [MACE] or HF).° To our
knowledge, no randomized clinical trials (RCTs) of
bariatric surgery compared with lifestyle modifica-
tion have been completed, especially in individuals
across the spectrum of CV risk or CVD, although
analyses of observational data have demonstrated
associations with lower CV and mortality risk
following bariatric surgery.” Until recently, most
previous trial assessments of medical obesity thera-
pies either raised concerns regarding CV safety or
were neutral.® Based on these data, it was unclear
whether the lack of CV benefit from weight loss in
individuals with overweight or obesity was caused
by weight loss in general, the magnitude of weight
loss, or—in the case of medical therapy—specific ef-
fects of medical agents.

MOVING TOWARD THE NEXT GENERATION
OF CARDIO-KIDNEY-METABOLIC THERAPIES
AND CV OUTCOME TRIALS

Results from several large CV outcome trials (CVOTSs)
have demonstrated the safety and efficacy of
glucagon-like peptide-1 (GLP-1) receptor agonists for
the treatment of individuals with type 2 diabetes and
established atherosclerotic cardiovascular disease
(ASCVD) or multiple risk factors.® Although the ma-
jority of these trials were designed to ascertain the
safety of these therapies in people with type 2 dia-
betes, they did not require the presence of over-
weight/obesity for eligibility and were not designed
to test whether targeting obesity with these agents
would improve CV outcomes. However, in a recent
meta-analysis of these trials, the prevalence of
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HIGHLIGHTS

e The high prevalence of obesity is having
enormous public health effects
worldwide.

e Obesity increases the risk of cardiovas-
cular, kidney, and metabolic (CKM)
diseases.

e The optimal design of cardiovascular
outcome trials (CVOTs) testing novel
obesity medications is unclear.

e We discuss regulatory and study design
consideration of CVOTs for novel obesity
medications.

e We propose 5 principles to guide next-
generation CKM outcome trials.

individuals with overweight/obesity was high (mean
body mass index [BMI]: 30.1-32.8 kg/m?).° The
SELECT (Semaglutide Effects on Cardiovascular
Outcomes in People With Overweight or Obesity) trial
was the first RCT to test the efficacy and safety of a
GLP-1 receptor agonist among individuals with
overweight or obesity and established ASCVD but
without type 2 diabetes.'®

Recognizing the complex pathophysiological in-
teractions among obesity, diabetes, chronic kidney
disease (CKD), and CV risk, including both ASCVD
and HF, the concept of cardiovascular-kidney-
metabolic (CKM) syndrome has been introduced in
recent years." In trials with GLP-1 receptor agonists
there is evidence of a reduction in MACE endpoints
(myocardial infarction [MI], stroke, CV death) in in-
dividuals with diabetes with or without obesity (eg,
LEADER [Liraglutide Effect and Action in Diabetes:
Evaluation of Cardiovascular Outcome Results],
SUSTAIN-6 [Trial to Evaluate Cardiovascular and
Other Long-Term Outcomes With Semaglutide in
Subjects With Type 2 Diabetes]); with diabetes and
CKD (FLOW [Effect of semaglutide versus placebo on
the progression of renal impairment in subjects with
type 2 diabetes and chronic kidney diseasel]);
SELECT.® Thus, the MACE benefit is not restricted to
diabetes or obesity but rather effective in pop-
ulations within a continuum of CKM risk profile.
Furthermore, there appear to be even weight loss-
independent benefits in MACE endpoints in in-
dividuals who have lost <5% of their baseline weight
in certain trials (eg, SELECT) or <1% (eg, HARMONY),
and therefore direct CV benefits of these therapies
cannot be ruled out.”"
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TABLE 1 Current Regulatory Recommendations for Safety Assessment of New Obesity Therapies By 2 Agencies
EMA'81? FDA'®
Year published 2016 2025
Trial design (Prespecified) meta-analysis or dedicated CVOT Randomized, double-blind, placebo controlled
Standard of care Diet and physical activity in all randomized participants
Sample size n ~ 3,000 randomized, with =1,500 patients in the placebo
arm treated for =1 year®
Dosing If developing multiple dosing regimens, consider a
randomization scheme that assigns more subjects to the
higher doses and discuss the overall size of the safety
database with the agency
Patient population The population should resemble the target population The development program should include participants with
for the medicinal product; a higher representation comorbidities such as cardiovascular disease, heart failure,
of subjects with a high baseline risk for CVD and liver disease, and chronic kidney disease.
complications compared with the target population Evaluate a sufficient number of participants with type 2
may be acceptable for the purpose of assessing the diabetes to assess the efficacy and safety, either in
CV safety profile dedicated trials or in adequately powered subgroups of
larger weight-reduction trials that also include
participants without diabetes
Primary endpoint of CVOT 3-point major cardiovascular events (MACE):
(or meta-analyses) cardiovascular death, nonfatal myocardial infarction
and nonfatal stroke or expanded MACE, potentially
including HF events, unstable angina, transient
ischemic attack and sudden death
2Sponsors can either increase the sample size of the 2 adequate and well-controlled trials necessary to support approval, or the safety analysis could be based on integrated data from multiple adequate
and well-controlled trials, including the efficacy and safety studies.
CVD = cardiovascular disease; CVOT = cardiovascular outcomes trial; EMA = European Medicines Agency; FDA = U.S. Food and Drug Administration.

At present, there are several large global CVOTs
underway or have been planned that are investi-
gating the safety and efficacy of GLP-1 receptor ago-
nists, combination therapies, and agents targeting
multiple hormonal pathways in people with obesity
at high risk of CV events. Although these trials are
essential, the optimal design features of CVOTs
testing novel obesity medications remain less clear.
In this commentary, we discuss regulatory aspects
and study design consideration of CVOTs for obesity
medications in the context of previous and ongoing
phase 3 and phase 4 clinical trials in adult pop-
ulations. In addition, we propose guiding principles
for next-generation CVOTs focusing on CKM rather
than disease-specific outcomes (Figure 1).

DEVELOPING NEW OBESITY MEDICATIONS:
REGULATORY PERSPECTIVES

Similar to selected medications for the treatment of
hyperglycemia in persons with type 2 diabetes that
have been associated with adverse CV risk, some
earlier weight loss therapies raised concerns
regarding CV safety.'”> For example, sibutramine, a
serotonin-norepinephrine reuptake inhibitor,
demonstrated increased risk for nonfatal MI and
nonfatal stroke among 9,804 participants with over-
weight/obesity and preexisting CVD or type 2 dia-
betes in SCOUT (Sibutramine Cardiovascular

Outcomes Trial).® Fenfluramine, a serotonergic
medication that was approved for treatment of
obesity, led to valvular heart disease and pulmonary
arterial hypertension based on postapproval case
series.'* And, although not specifically related to CV
safety, the endocannabinoid antagonist rimonabant
was shown to induce weight loss but was never
approved in the United States because of concerns
over suicidal ideations and attempts associated with
its use.”

Assessment of CV safety (and potential benefit) of
new weight-loss medications is therefore essential.
Here, we focus on 2 regulatory authorities, noting
that numerous others are relevant. The current
guidance by the Food and Drug Administration (FDA)
from 2025 suggests that phase 3 trials for new obesity
medications should assess certain safety aspects.'®
Safety assessment of medications intended for
weight reduction should include evaluation of car-
diometabolic parameters as part of routine safety
monitoring (including but not limited to assessment
of blood pressure, heart rate, plasma lipids, glycemic
control parameters, and electrocardiography). Pro-
grams should include a comprehensive CV assess-
ment. A CVOT may be necessary if a signal for CV risk
is identified during development. Whether such a
trial would be needed premarket or could be con-
ducted postmarket would depend on the nature of
the signal(s); early consultation with FDA is
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TABLE 2 Overview of Currently FDA-Approved Obesity Medications
Year of
Drug Approval Mechanism of Action cvoT
Orlistat (120 mg) 1999 Intestinal lipase inhibitor -
Phentermine/topiramate ER 2012 Combination sympathomimetic and carbonic -
(15/92 mq) anhydrase inhibitor
Naltrexone SR/bupropion SR 2014 Opioid antagonist/ norepinephrine-dopamine LIGHT trial*® (terminated), CONVENE trial
(32/360 mg) reuptake inhibitor and nicotinic receptor (terminated)
antagonist
Liraglutide (3.0 mg) 2015 GLP-1 receptor agonist LEADER*® (completed [in patients with type 2
diabetes; not focused on overweight/
obesity])
Semaglutide (2.4 mg) 2021 GLP-1 receptor agonist SELECT'® (completed)
Tirzepatide (5-15 mg) 2023 GIP and GLP-1 receptor agonist SURMOUNT-MMO (ongoing), SUMMIT**
(completed)
GIP = glucose-dependent insulinotropic polypeptide; GLP-1 = glucagon-like peptide-1; other abbreviations as in Table 1.

recommended if early phase trials demonstrate such
a signal. In addition, if the mechanism of action in-
volves direct interaction with the 5HT (serotonin)®
receptor system, safety assessment should likely
include evaluation of risk for cardiac valvulopathy
using serial echocardiography. Additional details
regarding CVOT study design and sample size from
this guidance document are summarized in Table 1.
The FDA may be open to innovative proposals that
allow for 1 trial to provide evidence of effectiveness
and safety for more than 1 indication, as long as each
indication still meets the statutory standard for
effectiveness and safety.'” This approach would
likely involve the review across more than 1 FDA
clinical and statistical division. Indications that may
be particularly well suited for such an approach could
be those with a large degree of overlap in participant
characteristics and clinically important safety out-
comes among indications (eg, obesity and obstruc-
tive sleep apnea).

The European Medicines Agency (EMA) recom-
mends that assessment of CV safety of new obesity
medications should follow the same guidance as for
other new medicinal products, either through meta-
analyses or through dedicated CVOTs.'® Similar to
the FDA, the EMA highlights the need for echocar-
diographic monitoring of valvulopathy in medica-
tions involving the 5HT receptor in addition to
monitoring for pulmonary hypertension in certain
centrally acting anorexigenics.'® In the CVOT guid-
ance, the EMA further recommends either 3-point
MACE (including CV death, nonfatal MI, and
nonfatal stroke) or expanded MACE, if appropriately
justified, potentially including HF events, unstable
angina, transient ischemic attack, and sudden death
as components of a safety endpoint.'”” The EMA

would accept an expanded CV safety endpoint that
incorporated all these outcomes as primary but
would still require an evaluation of the 3-point MACE
as a key secondary endpoint.

To facilitate the design and successful imple-
mentation of next-generation CVOTs assessing novel
obesity medications, we recommend the creation of a
harmonized CKM outcomes standard or a unified
FDA-EMA framework for multi-indication trials. Such
a framework would also inform the design and “go-
no go” decisions of earlier phase clinical trials (and
earlier drug candidates) of new obesity medications
that are currently developed with a focus on weight
loss and tolerance and with minimal insight into CV
or kidney benefits.

RESULTS FROM COMPLETED CONTEMPORARY
CVOTs OF OBESITY MEDICATIONS

Among the currently FDA-approved obesity medica-
tions, CVOTs have not been conducted for all agents,
such as orlistat and phentermine/topiramate (Table 2).
One of the first CVOTs of an obesity medication
(Central Illustration) was the LIGHT (Cardiovascular
Outcomes Study of Naltrexone SR/Bupropion SR in
Overweight and Obese Subjects With Cardiovascular
Risk Factors) trial, a randomized, placebo-controlled,
double-blind noninferiority trial which randomized
8,910 individuals with overweight or obesity and
increased CV risk to either naltrexone-bupropion or
placebo in addition to an online weight management
program. This trial was terminated early because of
the release of confidential interim data by the sponsor.
The CV safety of naltrexone-bupropion, therefore,
remains uncertain and would require assessment in a
new, adequately powered outcome trial.
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CENTRAL ILLUSTRATION Overview of Cardiovascular Outcome Trials of Obesity Medicines
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This figure provides an overview of cardiovascular outcome trials (CVOTs) of obesity medicines. The area highlighted in light blue (above the timeline) marks CVOTs of

glucagon-Llike peptide-1(GLP-1) receptor agonists and combination therapies for the treatment of obesity. Other GLP-1receptor agonists (exenatide) were approved for the
treatment of type 2 diabetes as early as 2005 (FDA) and 2006 (EMA). CONVENE (NCT02638129); ATTAIN-Outcomes (NCT07241390); MARITIME-HF (NCTO7037459);

MARITIME-CV (NCT0O7037433). CV = cardiovascular; CKM = cardiovascular-kidney-metabolic; EMA = European Medicines Agency; FDA = U.S. Food and Drug

Administration.

Two subsequent large CVOTs assessed the CV
safety and potential CV benefit of obesity medica-
tions among participants with overweight and
obesity not limited to or explicitly excluding those
with type 2 diabetes. The CAMELLIA (Cardiovascular
and Metabolic Effects of Lorcaserin in Overweight
and Obese Patients) trial randomized 12,000 adults
with BMI =27 kg/m? to lorcaserin, a serotonin (5HT)
2C receptor agonist, or placebo.”® The rate of the
primary safety outcome (3-point MACE) was non-
inferior in the lorcaserin group compared with the
placebo group. However, in February 2020, the FDA
requested that the manufacturer of lorcaserin
voluntarily withdraw the medication from the US
market because of an increased occurrence of cancer
based on secondary analyses of the CVOT trial data.*
The subsequent SELECT trial paved the way for a new
era of CVOTs of nutrient-stimulated hormone

therapies (NuSH) for the treatment of obesity. In the
SELECT trial 17,604 adults with BMI =27 kg/m? and
without type 2 diabetes were randomized to sem-
aglutide (2.4 mg) or placebo.'® There was a significant
risk reduction of the primary CV endpoint event (3-
point MACE) in the semaglutide group compared
with placebo.

Unlike other obesity therapies, CV benefits of GLP-
1 receptor agonists seem to act through mechanisms
not solely related to weight loss as suggested by the
early separation of MACE outcomes before the
occurrence of meaningful weight loss.>”* Findings
from the SELECT trial suggest that future develop-
ment of NuSH therapies could consider demon-
strating CV benefit beyond CV safety. At present,
several CVOTs of GLP-1 receptor agonist and combi-
nation therapies targeting glucose-dependent insu-
linotropic polypeptide (GIP), glucagon, and amylin
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TABLE 3 Comparison of Study Design Features and Key Outcomes of Selected CV Outcome Trials in People With Obesity
SURMOUNT- SYNCHRONIZE - TRIUMPH-
scouT?® CAMELLIAZ® SELECT™ SUMMIT?* MMO REDEFINE-3 cvoTt OUTCOMES
Study design
Enrollment years 2003-2005 2014-2015 2018-2021 2021-2024 2022-2024 2023-present 2023-2024 2024-present
Sample size n =10,744 n =12,000 n = 17,604 n=731 n = 15,374 n ~ 7,000 n ~ 5500 n ~ 10,000
Randomization 1:1 1:1 1:1 1:1 1:1 1:1 1:1:1 ?
Drug Sibutramine/ Lorcaserin/ Semaglutide/ Tirzepatide/ Tirzepatide/ Cagrilintide + Survodutide/ Retatrutide/
placebo placebo placebo placebo placebo semaglutide/ placebo placebo
placebo
Mechanism of action  Norepinephrine Serotonin 2C RA GLP-1 RA GIP and GLP-1 GIP and GLP-1  Amylin and GLP- Glucagon and GLP-  GIP and glucagon
and RA RA 1RA 1RA and GLP-1 RA
serotonin
reuptake
inhibitor
Dose 10-15 mg 10 mg 2.4 mg 5-15 mg 5-15 mg 24mg+24mg 3.6 mg/6.0 mg ?

Administration
Eligibility criteria

Age, y

BMI, kg/m?

ASCVD risk

Type 2 diabetes
CKD

Heart failure

Primary endpoint

Findings

3-point MACE?
HR (95% Cl)

CV mortality,
HR (95% Cl)

All-cause mortality,
HR (95% CI)

HF hospitalizations,
HR (95% Cl)

Clinicaltrials.gov

Oral once daily

=55
=27'
Established CVD
or type 2 DM
with CV risk
factors
(including
CKD)
Eligible
ESRD, renal
transplant or
creatinine
>3.4 mg/dL
NYHA IlI-IV
excluded
Time to 4-point
MACE®

1.16 (1.03-1.31)
P =0.02°

0.99 (0.82-1.19)
P =0.90

1.04 (0.91-1.20)
P =0.54

NCT00234832

Oral twice daily

=40

=27
Established CVD or

CVD risk

factors
(including CKD)

Eligible
eGFR <30 mL/
min/1.73 m?
excluded

NYHA llI-IV
excluded
Time to 3-point
MACE? (safety);
time to 6-
point® MACE
(efficacy)

0.99 (0.85-1.14)
P < 0.001 for
noninferiority
1.04 (0.78-1.40)
1.08 (0.89-1.31)
0.95 (0.76-1.20)

NCT02019264

SC once weekly

=45
=27
Established CVD

Excluded

ESRD and dialysis
excluded

NYHA IV excluded

Time to 3-point
MACE?®

0.80 (0.72-0.90),
P < 0.001

0.85 (0.71-1.01)

P =0.07
0.81(0.71-0.93)

NCT03574597

SC once weekly

=40
=30

NYHA 1I-1V and
LVEF =50%

Eligible
eGFR <15 mL/
min/1.73 m?
or dialysis
excluded

NYHA | excluded

Change in KCCQ
clinical
summary
score; time
to CV death
or HF event

1.58 (0.52-4.83)
1.25 (0.63-2.45)
0.44(0.22-0.87)

NCT04847557

SC once weekly

=40
=27

Established CVD
or CVD risk
factors

Excluded
?

Time to 5-point
MACE®

NCT05556512

SC once weekly

=55
=25
Established CVD

Eligible

eGFR <15 mL/
min/1.73 m?
excluded

NYHA IV
excluded

Time to 3-point
MACE*®

NCT05669755

SC once weekly

=18
=27

Established CVD or
CKD or CVD risk
factors

Eligible

eGFR <30 mL/
min/1.73 m?
excluded

NYHA IV excluded

Time to 5-point
MACE®
(noninferiority)

NCT06077864

SC once weekly

=45
=27

Established CVD or
CKD

Eligible

eGFR <20 mL/
min/1.73 m?
excluded

NYHA 1V excluded

Time to 4-point
MACE®; time to
composite
renal endpoint

NCT06383390

2CV death, myocardial infarction, stroke. bCv death, myocardial infarction, stroke, hospitalization for unstable angina, heart failure, or coronary revascularization. “All-cause death, nonfatal myocardial infarction, nonfatal
stroke, coronary revascularization, or heart failure events. dcv death, nonfatal myocardial infarction, nonfatal stroke, coronary revascularization, or heart failure events. *CV death, nonfatal myocardial infarction, nonfatal
stroke, or heart failure events. BMI =27 kg/m2 and =45 I(g/mz, or BMI =25 I(g/m2 and <27 I(g/m2 with a waist circumference =102 cm (men) or =88 cm (women). 9CV death, resuscitated cardiac arrest, myocardial

infarction, stroke.

ASCVD = atherosclerotic cardiovascular disease; BMI = body mass index; CKD = chronic kidney disease; CV = cardiovascular; DM = diabetes mellitus; eGFR = estimated glomerular filtration rate; ESRD = end-stage renal
disease; HF = heart failure; KCCQ = Kansas City Cardiomyopathy Questionnaire; LVEF = left ventricular ejection fraction; MACE = major adverse cardiovascular event; RA = receptor agonist; SC = subcutaneous.
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activity are underway (Table 3), exploring CV benefits
of these obesity therapies as primary or secondary
endpoints.

CLINICAL TRIAL DESIGN CONSIDERATIONS:
HOW LONG CAN PLACEBO-CONTROLLED
TRIALS CONTINUE?

Table 4 summarizes contemporary controversies in
CVOT design and conduct for the development of
obesity medications. Current guidance from the FDA
proposes placebo-controlled trials with diet and
physical activity as standard of care in all trial par-
ticipants. Although this approach may be optimal for
safety assessment, the increasing availability and
interest in the use of GLP-1 receptor agonists raises
ethical concerns of not offering active comparators to
eligible study participants, especially given the re-
ality that some patient groups may not be able to
access approved GLP-1 agonists outside of a clinical
trial: for example because of medication costs/
copayments. Parallels could be drawn to other CV
clinical trials as in type 2 diabetes or HF cohorts, in
which optimal guideline directed medical therapies
are recommended in the placebo arm but not
routinely provided in a standardized fashion for trial
participants.”®

To adapt to the changing landscape of obesity
therapies, comparator trials should be
considered. A current example of an active compar-
ator trial, albeit among individuals with type 2 dia-
betes, is the recently completed SURPASS-CVOT
(Study of Tirzepatide Compared With Dulaglutide on

active

Major Cardiovascular Events in Participants With
Type 2 Diabetes), in which 13,299 participants with
prevalent atherosclerotic CVD were randomized to
tirzepatide or dulaglutide.”* However, a move to
active comparator trials among individuals with
overweight or obesity would be associated with an
increase in trial cost to cover study-related medica-
tions and likely a need for larger sample sizes or
longer trial duration to achieve a given event rate and
effect size if a superiority analysis is planned. More-
over, active comparator trials in this space have yet
to pass regulatory review. Alternative study design
and statistical approaches, including noninferiority
or win-ratio analyses, could be considered to reduce
trial duration and costs.”®>*> More detailed statistical
considerations regarding active-control RCTs are
discussed elsewhere.”® In addition, there are several
remaining questions in this context. For example, to
what extent does it matter whether a new medication
is approved (and may be considered standard of care)
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but is of limited availability because of cost or
shortage? How does an active control design affect
the ability to detect other safety signals (aside from
CV endpoints)?

In the absence of an active comparator study
design, maintaining blinding and avoiding drop-in of
available therapies during trial conduct remain a
challenge both for participants and site investigators
because of either efficacy in terms of weight loss (an
increasing concern with greater efficacy of newer
medications) or gastrointestinal side effects.
Although the lack of efficacy or occurrence of side
effects could result in differential drop-out in the
study arms, lack of efficacy could also lead to study
participants seeking GLP-1 receptor agonists through
other sources, depending on local availability. The
latter may be difficult to measure if study partici-
pants do not feel comfortable disclosing which
additional obesity medications they are taking. Open
label extensions could help reduce drop-out during
the trial because of perceived lack of efficacy in the
placebo arm.

In addition, the degree to which enrolled partici-
pants are treated with guideline-directed medical
therapies at baseline for their underlying comorbid-
ities will likely affect overall event rates in CVOTs in
the near future as the standard of care for the medical
treatment of—for example—type 2 diabetes, CKD, and
HF has evolved in recent years.

SHOULD CVOTs BE DESIGNED TO AIM FOR
A TARGET DRUG DOSE OR COULD CV
BENEFITS BE ACHIEVED AT LOWER DOSES
AND INDEPENDENT OF WEIGHT LOSS?

Novel multireceptor agonist medicines that can
result in substantial weight loss raise the question
whether drug doses should be reduced or targets
modified for individual patients in the event of or
anticipation of too much weight loss. Although
magnitude of weight loss seems to be dose related for
all the agents thus far evaluated, the CV benefit is
likely driven by multiple mechanisms. In the absence
of safety concerns, the trial design would currently
still aim for the maximally tolerated dose unless
participants or treating clinicians believe that too
much weight is lost.

STUDY POPULATION: WHICH BMI CUTOFF
SHOULD BE USED FOR ELIGIBILITY?

The currently most commonly used definition of
obesity is based on BMI. The World Health Organi-
zation defines overweight as BMI =27 kg/m? and
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TABLE 4 Current Controversies in CVOT Design for the Development of Obesity Medications

Contra

Pro
Trial design
Placebo control e Potentially "purer" safety data
e Larger effect size
e Smaller sample size
e Lower cost
Active control e Unblinding because of efficacy and side effects less
likely

e Improved retention compared with placebo-
controlled trials
o Drop-in of other weight-loss medications less likely

Study population

Lower BMI cutoff e In line with current WHO definition of overweight and
(than =27 kg/m?) obesity
o Participants with BMI <27 kg/m? at baseline may
experience less weight loss

Exclusion of type 2 DM e Higher degree of weight loss with GLP-1 RAs

Exclusion of HFrEF o Small trials*®*° with low event rates have shown

higher risk of CV events with certain GLP-1 RAs
o Evidence of benefit of intentional weight loss lacking
in HFrEF (as opposed to HFpEF)

Exclusion of advanced e Lack of data regarding safety of GLP-1 RAs in this
heart failure/NYHA population
class IV
Prespecified

subpopulations

Heart failure e Potential to assess efficacy if prespecified, well-
defined cohort

CKD e Potential to assess efficacy if prespecified, well-
defined cohort

Primary endpoint

3-point MACE e Current EMA guidance, although expanded MACE as
option
Expanded MACE e Including HF events important for CV safety assess-

ment given high prevalence of HFpEF
e Including revascularization or all-cause mortality
could also be considered

e Unblinding because of efficacy (weight loss) and side
effects

o Differential drop-out of participants in placebo arm because
of perceived lack of efficacy

e Drop-in of other weight-loss medications in placebo arm

Smaller effect size

Larger sample size

Higher cost

Potentially more complex interpretation or communication
of results if noninferior findings

e Does not consider waist circumference or waist-to-height
ratio (measures central adiposity)

e Excludes people with clinical overweight or obesity who do
not meet BMI cutoff

e High prevalence of obesity among individuals with type 2
DM
e Lower risk cohort without type 2 DM

e LVEF is an imperfect measurement and can change over
time

e Both type 2 DM and CKD are prevalent in adults with obesity
and HFrEF

e Unclear if individuals with obesity and HFrEF may benefit
from GLP-1 RAs; should be investigated in appropriately
powered trials

e Adults with obesity and with advanced HF may need to lose
weight to be eligible for heart transplant or VAD; safety
unclear if not included in CVOTs (or assessed in separate,
smaller trials)

e May require additional site training and data collection

e May require additional site training and data collection

e Requires larger sample size
o Higher trial cost

e May require additional discussions with regulators

GLP-1RAs = GLP-1 receptor agonists; HFpEF = heart failure with preserved ejection fraction; HFrEF = heart failure with reduced ejection fraction; PAD = peripheral artery disease; VAD = ventricular assist

device; WHO = World Health Organization; other abbreviations as in Tables 1 and 3.

obesity as BMI =30 kg/m? for adults, whereas the
World Obesity Federation defines overweight as a
BMI =25 kg/m?®. Recent and ongoing CVOTs have
used these different cutoff values as inclusion
criteria for their trials (Table 3). Although partici-
pants with lower BMIs at baseline may experience
less weight loss during the trial, a lower BMI cutoff
may be appropriate for individuals who have clinical
obesity as evidenced by abnormal adipose deposition
and the presence of obesity-related complications.
None of the BMI-based definitions take into
consideration that waist circumference-related
anthropometric measures (eg, waist-to-height ratio
[WHtR]) may more accurately reflect adiposity and
identify individuals with the increased CV risk,

2 26,27

especially in those with BMI below 30 kg/m?.
However, WHtR, or even waist circumference, is
rarely measured in routine care. Future trials,
particularly in regions of the world such as South
Asia, where central obesity is more common, should
consider recruiting for obesity-related CVOT trials
also on the basis of measures of central obesity.
Recently, the Lancet Diabetes and Endocrinology
Commission developed an additional definition of
clinical obesity that combines anthropometric mea-
sures with clinical criteria (signs or symptoms of
ongoing organ dysfunction or age-adjusted limita-
tions of mobility or other basic activities of daily
living), further illustrating the complexity of defining
this disease.?®
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FIGURE 1 Continuum of Cardi ular-Kidney-Metabolic Di and Related Clinical Trial Outcomes
w = o
=S Subclinical CV & o .
_'g‘ £ CKM disease Clinical CV & CKM disease
E § Examples: Examples:
Sy Subclinical ASCVD, Ischemic heart disease, heart
.‘E o subclinical HF, failure, afib, stroke, PAD
va high-risk CKD
) Examples: Examples:
.g * NT-proBNP « Patient-reported outcomes
= * eGFR, UACR « CV, kidney & metabolic
S biomarkers
B
=
CV Outcomes: HF events, MI, stroke, CV death
afib = atrial fibrillation; ASCVD = atherosclerotic cardiovascular disease; circumf. = circumference; CKD = chronic kidney disease;
CKM = cardiovascular-kidney-metabolic; CRP = C-reactive protein; CV = cardiovascular; CVD = cardiovascular disease; eGFR = estimated
glomerular filtration rate; HbAlc = hemoglobin Alc; HF = heart failure; HTN = hypertension; PAD = peripheral artery disease;
MI = myocardial infarction; NT-proBNP = N-terminal prohormone of brain natriuretic peptide; UACR = urine albumin-creatinine ratio.

SHOULD INDIVIDUALS WITH TYPE 2 individuals with type 2 diabetes. However, both the
DIABETES BE EXCLUDED? SELECT trial and SURMOUNT-MMO (Study of Tirze-
patide on the Reduction on Morbidity and Mortality
Many GLP-1 receptor agonist-related obesity thera- in Adults With Obesity; NCT05556512) were or are
pies were initially developed for the treatment of being conducted in individuals with overweight or
type 2 diabetes and initial CVOTs included obesity and without concomitant type 2 diabetes as

FIGURE 2 Proposed Framework of Next-Generation CVOTs for New Obesity Medicines

Proposed Framework for Next-Generation CVOTs

From safety to systems: From fixed to flexible:

w Evaluating integrated cardiometabolic Adoption of novel trial designs (e.g. platform,
endpoints (CV, kidney, metabolic) in the registry-embedded, and pragmatic models of
development of new obesity therapies trial design) and novel statistical approaches
From placebo to comparators: From weight loss to mechanism:

E Consider transitioning to active-comparator Considering the inclusion of mechanistic, m
trial designs for future CVOTs in the biomarker and imaging sub-studies in CVOTs
development of new obesity therapies or other Phase 3 trials

From regional regulation to global collaboration:
@ A call for harmonized FDA-EMA guidance

recognizing obesity as a cardio-kidney-metabolic
— disease

CVOT = cardiovascular outcome trial; CV = cardiovascular; EMA = European Medicines Agency; FDA = U.S. Food and Drug Administration.
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individuals with diabetes were assessed in separate
trials.' Other considerations may include the greater
degree of weight loss in people living with obesity
but without diabetes. However, people with obesity
and type 2 diabetes are at particularly high risk of CV
and kidney events, and CVOTs should likely include
these at-risk individuals unless separate CVOTs (with
or without type 2 diabetes) are being considered. The
inclusion of individuals with diabetes also raises
concerns about placebo-controlled trials and
providing standard of care to these trial participants
is essential. Prespecified subgroup analyses could
identify safety and efficacy in participants with or
without diabetes.

SHOULD INDIVIDUALS WITH
WELL-CHARACTERIZED HF BE INCLUDED?

Although prevention and treatment of ASCVD re-
mains important, the incidence of ischemic heart
disease and acute coronary events have been
declining in western countries, whereas the inci-
dence of HF has been increasing.”?>° In the United
States, for example, approximately 1 in 4 persons is
expected to develop HF in his or her lifetime.>°
Obesity is a key driver in the development of HF, and
the majority of individuals with HF with preserved
ejection fraction (HFpEF) have overweight or
obesity, with the vast majority having central
adiposity.®"3? Treatment with GLP-1 + GIP receptor
agonists has evolved as a new therapeutic option for
people with obesity-related HFpEF.>*>* Results from
trials evaluating individuals with obesity and HFpEF
(NYHA functional class II-IV) with or without type 2
diabetes have been encouraging based on findings
from the STEP-HFpEF trials (semaglutide) and the
SUMMIT (Study of Tirzepatide in Participants With
Heart Failure With Preserved Ejection Fraction) trial,
which demonstrated larger reductions in symptoms
and physical limitations, greater improvements in
exercise function, and greater weight loss than pla-
cebo.?*3° The ongoing SURMOUNT-MMO trial among
>15,000 adults with overweight or obesity and CV
risk factors or prevalent CVD will provide additional
data regarding CV outcomes, including HF events
and mortality data, in a larger cohort. Dedicated
CVOTs in heart failure with mildly reduced ejection
fraction (HFmrEF)/HFpEF cohorts with other NuSH
agents are currently ongoing and being planned (eg,
NCT07037459).

Although trial results in individuals with HFpEF
are encouraging, the CV effects of GLP-1 receptor
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agonists in those with obesity and heart failure with
reduced ejection fraction (HFrEF) are less clear.?”
The safety and efficacy of liraglutide in individuals
with HFTEF, for example, were examined in 2 trials.
In the FIGHT (Functional Impact of GLP-1 for
Heart Failure Treatment; n = 300) and LIVE (Effect of
Liraglutide on Left Ventricular Function in Stable
Chronic Heart Failure Patients With and Without
Diabetes; n = 241) trials that enrolled adults with
HFrEF but were not limited to people with obesity,
participants randomized to liraglutide demonstrated
a higher risk of CV events than those in the placebo
groups.>®3° However, these trials were small, and
overall event rates were low. They stand in contrast
to findings from the LEADER (Liraglutide Effect and
Action in Diabetes: Evaluation of Cardiovascular
Outcome Results) trial in which 9,340 adults
with type 2 diabetes and high CV risk (mean BMI
32.5 kg/m?) were randomized to liraglutide or placebo,
including individuals with previous HF and NYHA
class II or II1.%° The risk of the primary outcome (3-
point MACE) was significantly lower in the liraglu-
tide group than in the placebo group, and there was no
significant difference in the risk of hospitalizations for
HF between the 2 groups.*® Moreover, data from the
SELECT trial suggest that semaglutide (2.4 mg)
reduced MACE and composite HF endpoints
compared with placebo in those with and without
clinical HF, regardless of the HF subtype.*'

POTENTIAL SOLUTIONS FOR INCLUSION OF
PARTICIPANTS WITH HF IN CVOTs FOR
OBESITY MEDICINES

These data raise several questions related to the
design of future CVOTs in this space. The assessment
of CV safety and efficacy of obesity medications
should be tested in individuals who may benefit from
these novel agents, including those with HF. Results
presented in this commentary raise the possibility
that there may be differential effects of NuSH thera-
pies in people with HF based on left ventricular
ejection fraction. A clear definition of participants
with HF within CVOTs may facilitate a better under-
standing of the effects of these therapies in in-
dividuals with HF and HF subgroups. This would
necessitate planning for more detailed data collec-
tion early during the design of the trial. In addition,
the majority of recent and ongoing CVOTs for obesity
medications excluded those with HF and NYHA class
IV resulting in a lack of data regarding the CV safety
and potential benefit of these new therapies in
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TABLE 5 Potential Model of Future Trial Architecture for CVOTs for New Obesity Medications

Proposed Future Trial Architecture

Trial design

Comparator

Standard of care

Sample size

Patient population

Primary endpoint of CVOT (or
meta-analyses)

Flexible clinical trial design structure, including the following:

Randomized, double-blind clinical trials using active comparators

Prespecified meta-analysis of randomized, double-blind clinical trials

Consideration of novel trial designs such as platform, registry-embedded, and pragmatic models, and
novel statistical analysis approaches

Consider active control arm using approved and safe therapies (if tolerated)

Counseling regarding healthy living habits, including balanced dietary intake and consistent physical
activity for all randomized participants
Recommendation of guideline directed medical therapy for comorbidities based on current guidelines

Adequately powered trial for primary endpoint(s), taking differential drop- out/drop-in and treatment
exposure time into consideration, using an intention-to-treat analysis

Consider contemporary definitions of obesity for eligibility criteria (accounting for adiposity: for
example, weight-to-height ratio, especially when BMI is <30 kg/m?)

The development program should include participants across the entire CKM spectrum, including those
with cardiovascular disease (including heart failure), type 2 diabetes, liver disease, and chronic kidney
disease.

Evaluate a sufficient number of participants with CKM diseases to assess the efficacy and safety, either
in dedicated trials or in adequately powered subgroups or meta-analyses of larger phase 3 trials.
Consider CKM prevention trials, acknowledging that such trials will have to be larger in size. Such
prevention trials could justifiably be placebo controlled.

Expanded 4- or 5-point MACE, including HF events, as the primary endpoint, and incorporating kidney,
metabolic and PRO endpoints as coprimary or key secondary endpoints.
Key secondary endpoints could focus on predefined subsets of study participants (e.g. those with
prevalent type 2 diabetes, or chronic kidney disease, or HF at baseline).

PRO = patient-reported outcomes; other abbreviations as in Tables 1 and 3.

individuals with acute or advanced HF (Table 3). This
represents a challenge in the treatment of people
with obesity and HF who need to lose weight to
qualify for anticipated ventricular assist device im-
plantation or heart transplantation. Smaller dedi-
cated trials in these specific cohorts may be
important to address gaps in current evidence.

An alternative strategy could be to include a
cohort of well-characterized individuals with HF in
the form of an embedded HF trial within a larger
CVOT. This novel approach is currently being taken
by the ongoing SYNCHRONIZE-CVOT (Study to Test
the Effect of Survodutide on Cardiovascular Safety in
People with Overweight or Obesity), which random-
izes participants with CV and kidney risk factors to
survodutide or placebo.*” Moreover, event rates may
differ depending on trial population enrichment
criteria. For example, atherosclerotic MACE would be
higher in studies with a higher proportion of people
enrolled with ASCVD, and HF event rates would be
higher among studies with a higher proportion of
individuals with HF. In the SELECT trial, for
example, HF hospitalization occurred much less
frequently than in dedicated HF trials enrolling
people with well-phenotyped HF. Trial inclusion and
enrichment criteria will be important considerations
of sample size calculations and power to assess pri-
mary endpoints that may be weighted predominantly
with one or the other type of components.

SHOULD INDIVIDUALS WITH CKD
BE INCLUDED?

Obesity and excess adiposity promote kidney damage
through both direct and indirect effects. Given that
kidney dysfunction is a major driver of both ASCVD
and HF, it is important to include individuals with
CKD in CVOTs of novel obesity management medi-
cations to test the efficacy and safety of these ther-
apies among these high-risk persons. The effects of
novel obesity therapies on clinically important kid-
ney outcomes (eg, urine albumin-creatinine
ratio) may be assessed in primary or secondary
endpoints. A current example of this approach is the
TRIUMPH-Outcomes trial (The Effect of Retatrutide
Once Weekly on Cardiovascular Outcomes and
Kidney Outcomes in Adults Living With Obesity;
NCT06383390). This CVOT examines the effects of
retatrutide among adults with obesity on both
expanded MACE (including HF events) and kidney
endpoints (composite of end stage kidney disease,
=40% sustained decline in estimated glomerular
filtration rate, CV death, or renal death).

ADDITIONAL OBESITY COMPLICATIONS AND
CVD RISK FACTORS TO CONSIDER

There are several additional obesity complications
and CVD risk factors that should be considered in the
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study design and data collection for CVOTs of novel
obesity therapies. Peripheral artery disease, for
example, is a highly morbid type of ASCVD, and in
addition to including individuals with this condition
in CVOTs, the need for revascularization could be
considered for inclusion in expanded MACE or key
secondary outcomes. Recent data from the STRIDE
(Semaglutide and Walking Capacity in People With
Symptomatic Peripheral Artery Disease and Type 2
Diabetes) trial among people with type 2 diabetes
showed encouraging results with regards to periph-
eral artery disease, although only a subset of partic-
ipants had obesity (~40% of participants with a
BMI =30 kg/m?).**> Further complications of obesity
include metabolic dysfunction-associated steatohe-
patitis (MASH), metabolic dysfunction-associated
steatotic liver disease (MASLD), obstructive sleep
apnea, and osteoarthritis.** These complications are
clinically important and may be the focus of sec-
ondary or exploratory analyses or separate clinical
trials focused on these conditions.

PROPOSED GUIDING PRINCIPLES FOR
NEXT-GENERATION CKM OUTCOME TRIALS

Recognizing that there may not be a single “ideal”
clinical trial design and that trial designs may need to
evolve over time, we would like to propose 5 princi-
ples to guide the next era of CKM outcome trials
(Figure 2, Table 5).

FROM SAFETY TO SYSTEMS. We propose evaluating
integrated CKM endpoints, along with patient-
reported outcomes (PROs) in future CVOTs of
obesity therapies. PROs reflect patient-reported
symptoms and functional capacity, which are out-
comes that matter to patients. Therefore, PROs war-
rant greater emphasis in CVOTs, as the effects of
novel therapies on quality of life may not necessarily
be captured through traditional MACE endpoints.
This could be accomplished by employing expanded
4- or 5-point MACE—including HF events as the pri-
mary endpoint—and incorporating kidney, metabolic
and PRO endpoints as coprimary or key secondary
endpoints. Key secondary endpoints could focus on
predefined subsets of study participants (eg. those
with prevalent type 2 diabetes, CKD, or HF
at baseline).

FROM PLACEBO TO COMPARATORS. We propose
transitioning to active-comparator trial designs as
the new norm for future CVOTs in the development
of new obesity therapies in light of ethical and sci-
entific imperatives.”> However, a move to active
comparator trials in individuals with overweight or
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obesity would be associated with an increase in trial
cost to cover study-related medications and likely a
need for larger sample sizes or longer trial duration to
achieve a given event rate and effect size if a supe-
riority analysis is planned. Alternative study design
and statistical approaches could be considered to
reduce trial duration and costs.

FROM FIXED TO FLEXIBLE. We propose the adoption
of novel trial designs (eg, platform, registry-
embedded, and pragmatic models of trial design)
and novel statistical approaches that keep pace with
a rapidly evolving standard of care and that have the
potential to expedite late-stage drug develop-
ment.*>*® Novel trial designs have already been
adopted by regulatory authorities in the develop-
ment of new cancer therapies and biologics,*” and
novel statistical approaches are being employed in
recently completed and in ongoing CV clin-

ical trials.?3:25-46

FROM WEIGHT LOSS TO MECHANISM. We propose
considering the inclusion of mechanistic biomarker
and imaging substudies in CVOTs or other phase 3
trials with the goal of disentangling direct and
weight-mediated effects. The conduct of parallel
small to modest sized mechanistic trials comparing
diet- and exercise-induced weight loss with NuSH-
based trials may also help to distinguish between
direct and indirect effects. In addition, the assess-
ment of muscle strength in a subset of trial partici-
pants may be important for a better understanding of
safety aspects that may not be captured in MACE
endpoints or through adverse event reporting.

FROM REGIONAL REGULATION TO GLOBAL
COLLABORATION. We call for harmonized FDA-
EMA guidance recognizing obesity as
diometabolic disease. Harmonized FDA-EMA guid-
ance can facilitate accelerated development of new
therapies for obesity through consistent guidance for
study design and endpoints, streamlining assessment

a car-

of safety and efficacy.

CONCLUSIONS

CV outcome trials for obesity therapies will deter-
mine not only how we evaluate new medicines but
also how we understand cardiovascular and meta-
bolic disease itself. The goal is no longer limited to
proving safety; it is to measure impact on lifespan,
health span, quality of life, and the global burden of
CKM disease. With this field at a critical inflection
point, we offer a framework to facilitate the next
chapter of innovation.
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