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See the editorial comment for this article ‘STEPping down diuretic therapy with semaglutide in obesity-related heart failure
with preserved ejection fraction: decongestion or disease modification?’, by J.W. Ostrominski et al., https://doi.org/10.1093/
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Abstract

Background and In the STEP-HFpEF trial programme, treatment with semaglutide resulted in multiple beneficial effects in patients with obes-
Aims ity-related heart failure with preserved ejection fraction (HFpEF). Efficacy may vary according to baseline diuretic use, and
semaglutide treatment could modify diuretic dose.

Methods In this pre-specified analysis of pooled data from the STEP-HFpEF and STEP-HFpEF-DM trials (n = 1145), which randomized
participants with HFpEF and body mass index > 30 kg/m? to once weekly semaglutide 2.4 mg or placebo for 52 weeks, we
examined whether efficacy and safety endpoints differed by baseline diuretic use, as well as the effect of semaglutide on loop
diuretic use and dose changes over the 52-week treatment period.

Results At baseline, across no diuretic (n =220), non-loop diuretic only (n = 223), and loop diuretic [<40 (n =219), 40 (n = 309), and
>40 (n = 174) mg/day furosemide equivalents] groups, there was progressively higher prevalence of hypertension and atrial fib-
rillation; and greater severity of obesity and heart failure. Over 52 weeks of treatment, semaglutide had a consistent beneficial
effect on change in body weight across diuretic use categories (adjusted mean difference vs. placebo ranged from —8.8%
[95% confidence interval (Cl) —10.3, —6.3] to —6.9% [95% Cl —9.1, —4.7] from no diuretics to the highest loop diuretic dose
category; interaction P =.39). Kansas City Cardiomyopathy Questionnaire clinical summary score improvement was greater
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Conclusions

Clinical Trial
Registration

in patients on loop diuretics compared to those not on loop diuretics (adjusted mean difference vs. placebo: +9.3 [6.5; 12.1] vs.
+4.7 points [1.3, 8.2]; P =.042). Semaglutide had consistent beneficial effects on all secondary efficacy endpoints (including 6 min
walk distance) across diuretic subgroups (interaction P =.24-.92). Safety also favoured semaglutide vs. placebo across the diuretic
subgroups. From baseline to 52 weeks, loop diuretic dose decreased by 17% in the semaglutide group vs. a 2.4% increase in the
placebo group (P <.0001). Semaglutide (vs. placebo) was more likely to result in loop diuretic dose reduction (odds ratio [OR]
2.67 [95% Cl 1.70, 4.18]) and less likely dose increase (OR 0.35 [95% Cl 0.23, 0.53]; P < .001 for both) from baseline to 52 weeks.

In patients with obesity-related HFpEF, semaglutide improved heart failure-related symptoms and physical limitations across
diuretic use subgroups, with more pronounced benefits among patients receiving loop diuretics at baseline. Reductions in
weight and improvements in exercise function with semaglutide vs. placebo were consistent in all diuretic use categories.
Semaglutide also led to a reduction in loop diuretic use and dose between baseline and 52 weeks.

NCT04788511 and NCT04916470.

Structured Graphical Abstract

Key Question
Does semaglutide efficacy differ by baseline diuretic use and dose in obesity-related heart failure with preserved ejection fraction
(HFpEF)? Does semaglutide result in a reduction in loop diuretic use?

Key Finding
In this pre-specified analysis of pooled data from the STEP-HFpEF and STEP-HFpEF-DM trials, semaglutide provided HF benefits
regardless of the baseline diuretic use or dose, and its use lead to a significant reduction in loop diuretic use from baseline to 52 weeks.

Take Home Message

In obesity-related HFpEF, semaglutide is effective in multiple domains regardless of baseline diuretic use/dose and leads to a significant
reduction in loop diuretic use over time. These findings support a primary decongestive effect of semaglutide in the setting of
obesity-related HFpEF.

Semaglutide was effective and safe
regardless of baseline diuretic use,

but KCCQ-CSS improvements were
magnified at 4 loop diuretic doses
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Totally daily dose of loop diuretics Semaglutide reduced new initiation
increased in the placebo arm and of loop diuretics by 71% and resulted

decreased in the semaglutide arm in a 2.7-fold 4 likelihood of loop
during follow-up diuretic discontinuations (P=0.02)
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Estimated treatment difference
P-interaction = 0.011 over 52 weeks: -11.8 mg/day
(95% Cl -16.8; -6.8); P<0.0001

HR 0.29 (95% CI 0.16, 0.52);
P<0.0001

Semaglutide was effective and safe regardless of baseline loop diuretic dose, though health status benefits were magnified at higher loop diuretic
doses. Total daily loop diuretic dose decreased in the semaglutide-treated patients, and new loop diuretic initiation was reduced by 71% in the se-
maglutide-treated patients compared to placebo. Cl, confidence interval; HR, hazard ratio; KCCQ-CSS, Kansas City Cardiomyopathy Questionnaire
clinical summary score; Sema, semaglutide.
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Introduction

Patients with heart failure (HF) and preserved ejection fraction (HFpEF)
frequently receive loop diuretics, which are first-line agents for deconges-
tion but can cause electrolyte abnormalities, worsening kidney function,
and hypotension.! Furthermore, outpatient escalation in loop diuretic
dose is associated with adverse outcomes and is increasingly viewed as
a proxy for HF hospitalizations.> In HFpEF, higher body mass index is
associated with greater use and doses of loop diuretics;'®"" and in patients
with obesity-related HFpEF, loop diuretics appear to be less effective for
decongestion and have an exaggerated unfavourable impact on kidney
function, as compared with those that have HFpEF but no obesity.'
In the STEP-HFpEF trial programme (which included STEP-HFpEF
and STEP-HFpEF-DM trials), the glucagon-like peptide-1 receptor
agonist (GLP1-RA) semaglutide, at a weight management dose of
2.4 mg once weekly, improved HF-related symptoms and physical lim-
itations [as measured by the Kansas City Cardiomyopathy
Questionnaire clinical summary score (KCCQ-CSS)], reduced body
weight, improved exercise function [6 min walk distance (6MWD)],
and reduced markers of inflammation (C-reactive protein) and myocar-
dial end-diastolic wall stress [N-terminal pro-B-type natriuretic peptide
(NT-proBNP)] in obesity-related HFpEF compared with placebo.”’15
Use of semaglutide also led to fewer adjudicated HF events (pooled
hazard ratio (HR) 0.27, 95% confidence interval [CI] 0.12-0.56;
P =.0004)."

Whether the effects of semaglutide vary according to baseline diuret-
ic use and dose, and whether semaglutide (as compared with placebo)
has an effect on loop diuretic use and dose over time are important,
clinically relevant questions. We therefore examined whether semaglu-
tide efficacy varies according to baseline diuretic use, and whether sema-
glutide results in changes in loop diuretic use and dose over time in
a pre-specified analysis of pooled data from the STEP-HFpEF and
STEP-HFpEF-DM trials.

Methods

Trial programme design

We conducted a pre-specified analysis of the randomized, international,
multicentre, double-blind, placebo-controlled STEP-HFpEF programme.'>~"
The programme comprised two trials: STEP-HFpEF, which was conducted
in patients with obesity-related HFpEF [body mass index (BMI) > 30 kg/m?,
left ventricular ejection fraction (LVEF) >45%] without type 2 diabetes
(NCT04788511);"® and STEP-HFpEF-DM in patients with obesity-related
HFpEF and type 2 diabetes (NCT04916470)."* The design and primary re-
sults of the individual trials, and the overall programme, have been published
previously.">"*'® The two trials were conducted from 2021 to 2023 at 129
sites across 18 countries in Asia, Europe, and North and South America.
Institutional Review Board ethics approval was obtained at each study
site, and all patients provided written, informed consent to participate in
the trial. The steering committee, which included both academic members
and representatives from the sponsor (Novo Nordisk), designed both trials
and was responsible for the academic publications. A global expert panel
provided academic, medical, and operational input in each country. The
sponsor of the trial programme was Novo Nordisk.

Trial participants

Participants were eligible if they had symptomatic HF, LVEF > 45%, BM| >
30 kg/m? New York Heart Association (NYHA) functional class II-IV,
KCCQ-CSS < 90 points, and at least one of the following: (i) elevated filling
pressures (based on right heart catheterization or pulmonary artery pres-
sure sensor technology); (ii) elevated natriuretic peptide levels (with

thresholds stratified based on BMI) plus echocardiographic abnormalities;
or (i) HF hospitalization in the previous 12 months plus a requirement
for ongoing diuretic treatment and/or echocardiographic abnormalities.

Key exclusion criteria were prior or planned bariatric surgery, self-reported
change in body weight > 5 kg within 90 days before randomization, or a sys-
tolic blood pressure of >160 mmHg at screening. In STEP-HFpEF-DM,
patients with uncontrolled diabetic retinopathy or maculopathy were also
excluded.

Randomization and trial procedures

Eligible participants were randomized 1:1 to receive a once-weekly target
dose of semaglutide 2.4 mg subcutaneously or matching placebo on top
of standard of care for 52 weeks. Randomization was stratified by BMI <
35 kg/m? vs. >35 kg/m?. Among patients with type 2 diabetes enrolled in
the STEP-HFpEF-DM trial, semaglutide or placebo was added to back-
ground glucose-lowering medications, which could comprise any drug
other than GLP1-RAs. Modification of glucose-lowering treatment was at
the discretion of the investigator. Specific guidance regarding the adjust-
ment of sulfonylurea and insulin doses was provided to mitigate the risk
of hypoglycaemia. The management of diuretic therapy was left to the dis-
cretion of the investigators and treating physicians; no specific instructions
regarding the use and dose of diuretics were provided. Detailed ascertain-
ment of diuretic use and types, and doses of loop diuretics, was conducted
at baseline, 20-, 36-, and 52-week visits in both trials. Loop diuretics, thiazide
diuretics, and mineralocorticoid receptor antagonists (MRAs) were consid-
ered diuretics; and sodium—glucose cotransporter 2 (SGLT?2) inhibitors
were not considered diuretics for the current analysis. All non-furosemide
loop diuretic doses were converted to mg/day furosemide equivalents based
on published equivalent dose conversions, as listed in Supplementary data
online, Table S1."7 Participants not taking loop diuretics at baseline or at sub-
sequent follow-up visits were coded using a dose of 0 mg/day furosemide
equivalents.

Outcomes

The primary aims of the current analysis were to investigate the effects of
semaglutide 2.4 mg once weekly, compared with placebo, on (i) efficacy and
safety outcomes across baseline diuretic use groups (no diuretics, non-loop
diuretics only, and loop diuretics [<40, 40, and >40 mg/day furosemide
equivalents]); and (i) changes in loop diuretic use and dose over 52 weeks.

The dual primary endpoints of the STEP-HFpEF programme were: (i)
change in KCCQ-CSS from baseline to 52 weeks; and (i) per cent change
in body weight from baseline to 52 weeks. The confirmatory secondary
endpoints were change in 6MWD from baseline to 52 weeks; a hierarchical
composite endpoint [comprised of all-cause death (from baseline to 57
weeks), HF events (from baseline to 57 weeks), differences in several
thresholds (>5, > 10, > 15 points) of change in KCCQ-CSS from baseline
to 52 weeks, and difference in 6MWD change (=30 m) from baseline to 52
weeks]; and change in high-sensitivity C-reactive protein from baseline to
52 weeks. Heart failure events were adjudicated by a blinded Clinical
Events Committee as previously described.’® We also examined the add-
itional supportive secondary endpoints, including change in systolic blood
pressure, waist circumference, and KCCQ overall summary score; and ex-
ploratory endpoints of change in NT-proBNP levels, and change in the add-
itional KCCQ domains [total symptom score, physical limitations score
(PLS), social limitations score, and quality of life score] from baseline to
52 weeks. Safety endpoints included in the current analysis were serious ad-
verse events (SAEs), which included SAEs leading to permanent treatment
discontinuation, cardiac and gastrointestinal SAEs; and gastrointestinal ad-
verse events leading to discontinuation of study drug.

Statistical analysis

Baseline characteristics were examined according to the five aforemen-
tioned baseline diuretic use/dose groups. The Jonckheere—Terpstra trend
test (for continuous variables), the Cochran—Armitage trend test (for
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Figure 1 Restricted cubic spline curves of key efficacy outcomes over the range of baseline daily loop diuretic dose pooled across the STEP-HFpEF
and STEP-HFpEF-DM trials. Loop diuretic dose expressed in mg furosemide equivalents per day. 6MWD, 6 min walk distance; CRP, C-reactive protein;
KCCQ-CSS, Kansas City Cardiomyopathy Questionnaire clinical summary score; NT-proBNP, N-terminal pro-B-type natriuretic peptide; w, week

categorical variables), and Cochran—Mantel-Haenszel test (for multinomial
variables) were used to evaluate differences among the five groups.

All efficacy analyses (including change in loop diuretic use and dose) were
done using the full analysis set (all randomized participants according to the
intention-to-treat principle, while in trial, regardless of treatment discontinu-
ation). For change in KCCQ scores and 6MWD, missing observations at
Week 52 caused by cardiovascular death or previous HF events were single
imputed to the lowest observed value across both treatment arms and visits.
Missing values due to other reasons were imputed using multiple imputation
from participants with non-missing values in the same randomized treatment
arm. For other endpoints, missing observations at VWeek 52 were multiple im-
puted irrespective of death or prior HF events using the same imputation
method. Analyses were performed using analysis of covariance (ANCOVA)
models for continuous endpoints, with change in the corresponding endpoint
at Week 52 as the dependent variable, with adjustment for the baseline value
of the relevant continuous outcome variable, and treatment, trial, and BMI
stratification as fixed factors using 1000 imputations. To determine whether
efficacy endpoints were consistent across the diuretic groups, we included a
diuretic group X treatment interaction term in all models. Estimates were
then combined using Rubin’s rule. Interaction P-values were derived from an
F-test of equality between the treatment differences across diuretic groups.
Furthermore, trend P-values for difference in semaglutide vs. placebo treat-
ment across the diuretic medication groups were also derived for the various
endpoints. In sensitivity analyses, these analyses were repeated using the com-
parisons of (i) no diuretic vs. any diuretic use at baseline; and (i) no loop diur-
etic vs. loop diuretic (any dose) at baseline.

To further explore the relationship between baseline loop diuretic dose
and key efficacy endpoints (changes in KCCQ-CSS, body weight, 6MWD,
high-sensitivity C-reactive protein, NT-proBNP), interaction P-values be-
tween the loop diuretic dose as a continuous variable (modelled as a spline)
and randomized treatment at Week 52 were derived to assess potential
heterogeneity of treatment effects (semaglutide vs. placebo) across the
range of loop diuretic doses.

Analyses of the hierarchical composite endpoint (win ratio'®) were per-
formed stratified by diuretic use groups, based on direct comparisons of

each participant randomized to semaglutide vs. each participant rando-
mized to placebo. For each of the participant pairs, a ‘treatment winner’
based on similar observation time was declared based on the endpoint hier-
archy. The win ratio (i.e. the proportion of winners randomized to semaglu-
tide divided by the winners randomized to placebo) was estimated
independently within each diuretic group (using 1000 imputations as de-
scribed above). A win ratio of 1 indicates no difference between treatment
groups; a win ratio > 1 favours the active treatment; and a win ratio < 1 fa-
vours the placebo. The test for equality of the diuretic groups for the win
ratio was performed using a Cochran’s Q test.

Safety endpoints across the diuretic groups were analysed using the
safety analysis set (all randomized participants exposed to at least one
dose of randomized treatment) and either on-treatment or in-trial data
sets, depending on the type of safety event.

The difference between treatment groups for change in loop diuretic
dose from baseline to Week 52 was calculated using an ANCOVA model,
with trial, treatment, and BMl as fixed factors, and adjusted for baseline loop
diuretic dose. Logistic regression was used to determine the odds ratio
(OR) and 95% ClI for baseline to 52-week increase or decrease in loop di-
uretic dose, with trial, treatment, and BMI as fixed factors, and adjusted for
baseline loop diuretic dose. Supportive analyses were performed for base-
line to 20-week, and baseline to 36-week increase or decrease in loop diur-
etic dose, using the same methodology. Besides changes in loop diuretic
doses between baseline and 52 weeks, a new start of loop diuretic was con-
sidered a dose increase, and discontinuation of loop diuretics was consid-
ered a dose decrease, and patients who died, withdrew from the study
or were lost to follow-up, were excluded from these analyses. Baseline
characteristics were compared across the three loop diuretic change
groups (dose decrease, no change, dose increase) using the same analytic
techniques as those described above for the comparison of baseline char-
acteristics across diuretic groups. Logistic regression was then used to de-
termine baseline characteristics associated with diuretic dose escalation.

No adjustment for multiple testing was performed. A two-sided P-value
of <.05 was considered significant in all analyses except interaction testing,
in which an interaction P-value < .10 was considered significant. Results are
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Table 3 Serious adverse events stratified by baseline diuretic use, pooled across the STEP-HFpEF and STEP-HFpEF-DM trials

Adverse event, n (%)

Diuretic group

Loop diuretic > 40 mg/day

Loop diuretic = 40 mg/day

Loop diuretic < 40 mg/day

Non-loop diuretic

No diuretic

Placebo Semaglutide

Semaglutide

Semaglutide Placebo Semaglutide Placebo Semaglutide Placebo

Placebo

n=92

82

n

n=109 n=114 n=110 n=109 n=152 n=157

n=100

n=120

25305  38(413)

48308

5164

Tu@o

25150 16047 241

13 (108)

Serious adverse events

11 (10.0)

1(1.0) 3(28) 4 (3.5) 0 (0.0 2 (1.8) 3(20) 6 (3.8) 5(6.1) 4(4.3)

1(0.8)

Serious adverse events leading to

permanent treatment

discontinuation

12 (12.0) 5 (4.6) 10 (8.8) 5 (4.5) 9 (83) 8 (53) 22 (14.0) 6(73) 17 (18.5)

2(17)

Cardiac serious adverse events

1(10) 2(18) 2(18) 2(18) 1(09) 5(3.3) 5(3.2) 337) 3(33)

0 (0.0)

Gastrointestinal serious adverse

events

17 (18.5)

(15.9)

13

22 (14.0)

(12.5)

19

(12.8)

13 (11.9) 12 (10.5) 14 (12.7) 14

15 (15.0)

14 (11.7)

COVID-19-related adverse

events

presented as estimated changes from baseline to Week 52 for continuous
endpoints or a win ratio (for the hierarchical composite endpoint), with a
95% Cl and a two-sided P-value. NT-proBNP and high-sensitivity
C-reactive protein were log-transformed, and hence, treatment ratios at
Week 52 are reported. Analyses were conducted by the independent stat-
istical group at Saint Luke’s Mid America Heart Institute in collaboration
with Novo Nordisk, using SAS vs. 9.4 (SAS Institute, Cary, NC, USA). Al
analyses were performed on anonymized data.

Results

Baseline characteristics

A total of 1145 patients were randomized across the STEP-HFpEF pro-
gramme (n =529 in STEP-HFpEF and n = 616 in STEP-HFpEF-DM). At
baseline, 220 (19.2%) of the participants were taking no diuretics, 223
(19.5%) were taking non-loop diuretic(s) only, and the remaining 702
(61.3%) were taking loop diuretics. Of the total 1145 trial participants,
219 (19.1%), 309 (30.0%), and 174 (15.2%) were taking a loop diuretic
dose of <40, 40, and >40 mg/day furosemide equivalents, respectively.
Supplementary data online, Figure ST displays the distribution of loop
diuretic doses at baseline. Table 1 displays the baseline characteristics,
stratified by baseline diuretic use/dose. Across diuretic groups, there
was a stepwise increase in proportion of White participants, NYHA
functional class Ill symptoms, hypertension, and atrial fibrillation.
Body mass index, waist circumference, high-sensitivity C-reactive pro-
tein, and NT-proBNP values also increased in a stepwise fashion from
no diuretics to the highest loop diuretic dose category. Greater loop
diuretic use/dose was associated with lower LVEF, KCCQ-CSS, and
6MWD. There were no differences in SGLT?2 inhibitor use and angio-
tensin receptor—neprilysin inhibitor use across diuretic groups. MRA
use was highest in the highest loop diuretic dose group. Insulin use in-
creased, and dipeptidyl peptidase-4 inhibitors decreased, in a stepwise
fashion from no diuretics to the highest dose loop diuretic group.

Effects of semaglutide vs. placebo on
efficacy and safety endpoints by baseline
diuretic use

The effects of semaglutide on the dual primary, confirmatory second-
ary, supportive secondary, and exploratory endpoints across the diur-
etic use subgroups are presented in Table 2. The benefits of semaglutide
were consistent across the health status, body weight, exercise func-
tion, and biomarker endpoints across the diuretic use categories [inter-
action P> .10 for all endpoints except for KCCQ-PLS (interaction
P =.092); Table 2]. However, progressively larger increases (improve-
ments) in the KCCQ-CSS (and PLS) domains occurred with semaglu-
tide vs. placebo from the no diuretic subgroup to the highest dose
loop diuretic subgroup (Table 2). These results were verified in sensitiv-
ity analyses comparing (i) no diuretic vs. any diuretic groups (see
Supplementary data online, Table S2) and (i) no loop diuretic vs. loop
diuretic (any dose) groups (see Supplementary data online, Table S3),
which demonstrate that KCCQ-CSS improvements were larger in pa-
tients on any diuretic (compared to no diuretic), and any dose of loop
diuretic (compared to no loop diuretic), in particular (adjusted mean
KCCQ-CSS change for semaglutide vs. placebo: +9.3 points [6.5,
12.1] in participants on loop diuretics at baseline vs. +4.7 points [1.3,
8.2] in participants not on loop diuretics at baseline; P for interaction
=.042). Win ratios were similar across diuretic use groups (no diuretics
[1.17 (95% C1 0.85-1.63)]; non-loop diuretics only [1.64 (95% CI 1.17—
2.30)]; <40 mg/day loop diuretic [1.73 (95% ClI 1.19-2.52)]; 40 mg/day
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Figure 2 Effect of semaglutide vs. placebo on loop diuretic dose from baseline to 52 weeks, pooled across the STEP-HFpEF and STEP-HFpEF-DM
trials. Error bars represent standard deviations. There was no significant difference in baseline loop diuretic dose between the semaglutide and placebo

groups (P=.19)
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Figure 3 Effect of semaglutide vs. placebo on loop diuretic dose changes from baseline to 52 weeks, pooled across the STEP-HFpEF and
STEP-HFpEF-DM trials. Odds of loop diuretic dose changes over 52 weeks in response to treatment with semaglutide 2.4 mg: dose increase (OR
0.34 [95% Cl 0.23-0.52]), P < .001; dose decrease (OR 2.09 [95% Cl 1.39-3.15], P <.001)
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A New Loop Diuretics initiations among baseline non-users B Loop Diuretics discontinuations among baseline users
504 50
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Time (weeks) Time (weeks)
No. at risk No. at risk
Sema 2.4 mg 229 218 216 215 Sema 2.4 mg 344 329 316 308
Placebo 214 189 183 171 Placebo 358 349 345 339

Figure 4 Effects of semaglutide vs. placebo on the time to first loop diuretic start among non-users at baseline (A) and time to first loop diuretic stop in
users at baseline (B), pooled across the STEP-HFpEF and STEP-HFpEF-DM trials

loop diuretic [1.79 (95% CI 1.34-2.40)]; and >40 mg loop diuretic [2.06
(95% Cl 1.39-3.06)]), with no treatment heterogeneity (interaction
P = .24), indicating that semaglutide had consistent efficacy on the hier-
archical composite endpoint across diuretic groups.

Figure 1 displays the restrictive cubic spline curves of key efficacy
outcomes over the range of baseline loop diuretic dose (total daily
mg furosemide equivalents). When examined as a continuous variable,
KCCQ-CSS improvement was greater in the semaglutide vs. placebo
groups with increasing doses of loop diuretics (P =.026). No significant
interactions were observed for changes in body weight, 6MWD,
C-reactive protein, or NT-proBNP.

There were fewer SAEs, and cardiac SAEs, in patients treated with se-
maglutide vs. placebo across all diuretic groups (Table 3). Gastrointestinal
SAEs occurred at similar rates in the semaglutide and placebo groups
across diuretic groups (Table 3).

Effects of semaglutide vs. placebo on loop
diuretic dose

From baseline to 52 weeks, loop diuretic dose decreased by 17% (from
mean + SD 48.4 + 2.7 to 40.2 + 2.1 mg/day furosemide equivalents) in
the semaglutide group vs. an increase of 2.4% (53.4 +2.7 to 54.7 +
3.1 mg/day) in the placebo group, which resulted in a difference of
11.8 (95% ClI 6.8, 16.8) mg/day lower loop diuretic dose in semaglutide
vs. placebo groups (P <.0001) (Figure 2). Compared with placebo,
semaglutide-treated patients were also more likely to experience
a loop diuretic dose reduction (OR 2.67 [95% ClI 1.70, 4.18])
and less likely to experience a dose increase (OR 0.35 [0.23, 0.53]) be-
tween baseline and 52 weeks; P <.001 for both (Figure 3). The results
were consistent in the supportive analyses which examined loop diur-
etic dose reduction and dose increase at 20 weeks, and 36 weeks (see
Supplementary data online, Tables S4A and B, respectively). Semaglutide
led to a lower incidence of new starts of loop diuretics in those not on
loop diuretics at baseline (HR 0.29 [95% C1 0.16, 0.52]; P < .0001) com-
pared with placebo; and higher incidence of stopping loop diuretics
in those on loop diuretics at baseline (HR 2.69 [95% Cl 1.19, 6.12];
P=.02) (Figure 4). As shown in Tables 4 and 5, participants who re-
quired a loop diuretic dose escalation (increase) were more frequently

assigned to the placebo group and were more likely to have the follow-
ing at baseline: NYHA class Ill/IV symptoms, atrial fibrillation, obstruct-
ive sleep apnoea, and treatment with insulin. Higher LVEF, SGLT2
inhibitor use, and renin angiotensin system blockade were all associated
with lower likelihood of loop diuretic dose escalation. Figure 5 displays
the correlation between changes in loop diuretic dose over time vs.
changes in key efficacy endpoints, stratified by treatment group.
There was a linear relationship between reduction in loop diuretic
dose and increase (improvement) in KCCQ-CSS and reduction in
body weight, and reduction in high-sensitivity C-reactive protein in
the semaglutide group.

Discussion

In a pre-specified analysis of the STEP-HFpEF programme, we found
that in patients with obesity-related HFpEF, semaglutide 2.4 mg once
weekly, compared with placebo, improved HF-related symptoms and
physical limitations across diuretic use subgroups, with especially pro-
nounced benefits among patients receiving loop diuretics at baseline.
Semaglutide led to consistent beneficial effects on body weight,
exercise function, and biomarkers of inflammation and congestion,
across the subgroups of background diuretic therapy use and dose.
Semaglutide was also consistently well tolerated—uwith fewer SAEs
and cardiac disorders compared with placebo—irrespective of baseline
diuretic therapy or dose. Furthermore, during 52 weeks of treatment,
compared with placebo, semaglutide treatment led to: (i) a nearly 20%
reduction in total daily loop diuretic dose; (ii) more than a two-fold in-
crease in odds of loop diuretic dose reduction; and (iii) 66% lower odds
of loop diuretic dose increase. Semaglutide use was also associated with
less loop diuretic starts (in those not already on loop diuretics at base-
line) and more frequent stopping of loop diuretics (in those on loop
diuretics at baseline) compared with placebo (Structured Graphical
Abstract). In the semaglutide group, reductions in daily loop diuretic
dose were also linearly correlated with improvements in health status,
reduction in body weight, and reduction in systemic inflammation.
These findings demonstrate that semaglutide is effective across the
full spectrum of patients with obesity-related HFpEF, from those
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Table 4 Baseline characteristics stratified by loop diuretic dose change over 52 weeks of follow-up

Baseline characteristic Loop diuretic change group P-value

Female sex, n (%) 52 (46.0) 438 (51.2) 55 (45.5) .90
Age, years, n (%) .07
<65 33(292) 283 (33.1) 33(273)
65-79 63 (55.8) 500 (58.5) 71 (58.7)
>80 17 (15.0) 72 (84) 17 (14.0)
Race,” n (%) .10
Asian 5(4.4) 66 (7.7) 2(1.7)
Black or African American 2 (1.8) 30 (3.5) 3 (2.5)
Other 1(0.9) 2(0.2) 1(0.8)
White 105 (92.9) 757 (88.5) 115 (95.0)
Body weight, kg 105.8 (92.0, 121.7) 102.9 (91.0, 117.2) 109.2 (94.0, 124.4) 69
BMI, kg/m? 37.6 (34.1, 42.9) 38.0 (34.5, 42.5) 38.5(35.5, 43.3) 23
Waist circumference, cm 122.0 (113.8, 130.3) 119.0 (111.0, 128.5) 123.0 (113.0, 133.0) .52
Systolic BP, mmHg 130.0 (117.0, 142.5) 134.0 (124.0, 144.0) 135.0 (124.0, 144.0) 046
NYHA class, n (%) <.001
Il 71 (62.8) 613 (71.7) 65 (53.7)
Il 42 (37.2) 240 (28.1) 56 (46.3)
% 0 (0.0) 2(0.2) 0 (0.0)
LVEF, % 55.0 (50.0, 60.0) 57.0 (51.0, 60.0) 55.0 (50.0, 60.0) .95
KCCQ-CSS, score 57.3 (41.7,71.9) 60.4 (44.3,72.9) 51.0 (33.3, 69.3) 18
6MWD, metres 260.0 (196.4, 352.0) 300.0 (233.0, 373.0) 265.4 (188.9, 342.0) .60
CRP, mg/L 3.8 (1.9,94) 35(18,7.6) 3.8 (18, 81) 90
NT-proBNP, pg/mL 575.1 (289.2, 1110.4) 426.2 (225.8, 954.8) 749.3 (2884, 1257.6) 43
Comorbidities at screening, n (%)
Hypertension 96 (85.0) 711 (83.2) 104 (86.0) 82
Atrial fibrillation 58 (51.3) 375 (43.9) 67 (55.4) 48
Obstructive sleep apnoea 16 (14.2) 71 (8.3) 21 (174) .36
Coronary artery disease 40 (354) 341 (39.9) 52 (43.0) 24
Diabetes 40 (35.4) 477 (55.8) 69 (57.0) .001
Diabetes duration, years 104 (4.4, 21.5) 7.9 (41,14.7) 7.1 (3.6,17.0) 24
Concomitant medications, n (%)
Beta blockers 14 (12.4) 139 (16.3) 14 (11.6) .82
SGLT?2 inhibitors 95 (84.1) 692 (80.9) 96 (79.3) 36
MRAs 18 (15.9) 175 (20.5) 19 (15.7) 93
Thiazide diuretics 49 (434) 267 (31.2) 47 (38.8) .52
ACE inhibitor/ARB (ARNi) 93 (82.3) 678 (79.3) 85 (70.2) 022
ARNi 8 (7.1) 43 (5.0) 6 (5.0 A48
Insulin and analogues 8 (7.1) 88 (10.3) 24 (19.8) .001
Sulfonylureas 9 (8.0) 90 (10.5) 6 (5.0) 40
DPP-4 inhibitors 8 (7.1) 72 (84) 9 (7.4) 93

Continuous variables are expressed as median (25th—75th percentile). P-values for continuous variables computed from Jonckheere—Terpstra trend test; Cochran—Armitage trend test
for binary variables; and Cochran—Mantel-Haenszel test for multinomial variables.
?Race was reported by the investigator.
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who do not require loop diuretics to those with significant congestion,
requiring high-dose loop diuretic therapy, often with adjunctive MRA
and SGLT?2 inhibitor use. The results of this study also complement
the main findings of the STEP-HFpEF programme, which demonstrated
that semaglutide results in disease modification (early and sustained
lowering of NT-proBNP; and fewer HF events) by showing that

Table 5 Association of baseline characteristics and
treatment group assignment with diuretic dose
escalation during 52 weeks of follow-up

Predictor Odds ratio P-value
(95% ClI)
Treatment (semaglutide 24 mgvs,  0.36 (023-055)  <.0001
placebo)
NYHA class (IlI/IV vs. Il) 1.99 (1.34-2.96) 0007
LV ejection fraction (per 1%-unit 0.97 (0.95-1.00) .07
increase)
Atrial fibrillation 1.60 (1.07-2.40) .02
Obstructive sleep apnoea 2.27 (1.31-3.93) .003
SGLT2 inhibitor use 0.59 (0.34-1.04) .07
ACE inhibitor/ARB/ARNi use 0.53 (0.34-0.83) .006
Insulin and analogues 2.91 (1.68-5.05) .0001

NYHA, New York Heart Association; LV, left ventricular; SGLT2, sodium—glucose
cotransporter 2; ACE, angiotensin-converting enzyme; ARB, angiotensin receptor
blocker; ARNi, angiotensin receptor—neprilysin inhibitor.

Change in KCCQ-CSS
compared to baseline (points)
Change in weight
compared to baseline (%)

semaglutide leads to clinically relevant and statistically significant reduc-
tion in daily loop diuretic dose over time.

Although loop diuretics have been the de facto the first-line decon-
gestive treatment for HF across the LVEF spectrum for over 60 years,
they can cause electrolyte abnormalities, worsening kidney function,
and hypotension.” In obesity-related HFpEF, with the availability of
SGLT2 inhibitors, MRAs, and now semaglutide, the need for loop diure-
tics, particularly at higher doses, may need to be reconsidered and sub-
stituted for these agents as first-line therapies. It is notable that in the
STEP-HFpEF programme, there were fewer cardiac-related SAEs in
the semaglutide group compared with placebo, along with decongestive
effects suggested by greater reductions in NT-proBNP, fewer HF
events, and lower loop diuretic dose requirements.

The search for alternative decongestive therapies is especially import-
ant in patients with obesity-related HFpEF because of the blunted re-
sponse to loop diuretics in these patients compared to those with
HFpEF but no obesity, and the greater frequency of worsening kidney
function in patients with obesity-related HFpEF during decongestion."
Reassuringly, the HF benefits and safety of semaglutide were consistent
across diuretic use/dose groups; thus, even in patients with minimal con-
gestion, semaglutide is still effective and well tolerated. Nevertheless, it is
notable and clinically relevant that for health status (i.e. KCCQ domains),
the largest improvements with semaglutide were seen in the most con-
gested patients (i.e. those who required the highest dose of loop diuretics
and often were also taking MRAs), who are especially difficult to manage
and have few efficacious treatment options. These results also under-
score the need for novel non-loop diuretic therapies to effectively decon-
gest patients with obesity-related HFpEF given their propensity for
inadequate or poorly tolerated response to loop diuretics.”

The discordance between the greater KCCQ benefit in the most
congested patients (i.e. those treated with loop diuretics at high doses)

Change in 6MWD
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Figure 5 Correlations of group mean changes in loop diuretic dose vs. changes in efficacy endpoints at baseline and follow-up time points, stratified by
treatment group, pooled across the STEP-HFpEF and STEP-HFpEF-DM trials. R-values represent Pearson correlation coefficients, and error bars re-
present standard errors. 6MWD, 6 min walk distance; CRP, C-reactive protein; KCCQ-CSS, Kansas City Cardiomyopathy Questionnaire clinical sum-
mary score; NT-proBNP, N-terminal pro-B-type natriuretic peptide; w, week
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despite a similar degree of per cent body weight reduction across the
diuretic use/dose groups is of substantial importance. The mean
placebo-corrected weight loss was 8.3% vs. 6.9%, whereas the mean
placebo-corrected improvement in KCCQ-CSS was 3.2 vs. 11.6 points
in the no diuretics and highest dose loop diuretic groups, respectively.
These findings, coupled with the reduction in loop diuretic dose over
time and the linear relationship between loop diuretic dose reductions
and improvements in KCCQ-CSS and C-reactive protein in the sema-
glutide arm point to potential weight-independent effects of semaglu-
tide on decongestion. Mechanisms underlying these findings remain
speculative; possibilities include: (i) selective reduction in epicardial,
pericardial, and chest wall adipose tissue (which would reduce pericar-
dial constraint that is present in obesity-related HFpEF, thereby lower-
ing filling pressure;'®) (ii) weight loss-independent, direct effects of
semaglutide on vasorelaxation (via GLP1 receptors on vascular smooth
muscle cells;**?") or (iii) beneficial kidney effects of GLP1-RAs, including
reduced tubulointerstitial damage, albuminuria, and glomerulosclerosis,
with improved podocyte architecture seen in pre-clinical studies,*>
which may be reasons why semaglutide has led to improved kidney out-
comes in several clinical trials, > including the FLOW trial of semaglutide
vs. placebo in patients with diabetes and chronic kidney disease, which
was stopped early due to overwhelming efficacy.®* It is possible that all
of these effects may be more pronounced in those patients with the
greatest level of congestion at baseline.

Several studies have examined the effects of various HF medications
on loop diuretic changes over time in both HFpEF and in HF with re-
duced ejection fraction.?”~33 Of the studied HF therapies, MRAs and
SGLT2 inhibitors have been the agents with most consistent beneficial
effects on the reduction in loop diuretic dose over time; however, these
changes have been modest, with lower per cent reduction in doses and
lower odds of dose decreases.?”~2">?=3" For example, in the DELIVER
trial, the SGLT2 inhibitor dapagliflozin did not lead to loop diuretic re-
ductions (HR 0.98; 95% Cl 0.86—1.13, P = .83) during follow-up.?’

Semaglutide-induced reduction in loop diuretic dose is particularly
relevant given the association of outpatient intensification of diuretics
with increased risk for subsequent adverse HF events in patients with
HF across the LVEF spectr’um.z’s'34 In addition, multiple studies have
demonstrated that higher loop diuretic doses are a proxy for disease
severity and are associated with worse outcomes in patients with
HF.3%3¢ Given the relationship between high baseline loop diuretic
doses and dose intensification with subsequent HF events, it is there-
fore not surprising that there were fewer HF events observed with se-
maglutide vs. placebo in the STEP-HFpEF programme (although the
programme was not primarily designed to evaluate clinical events).”
The 52-week duration of the STEP-HFpEF programme precludes de-
termination of whether the magnitude of reduction in loop diuretic
dose is associated with future HF events, and the number of HF events
in the overall STEP-HFpEF programme was small. For these reasons,
dedicated cardiovascular outcome trials of incretin-based therapies,
in patients with obesity-related HFpEF should be undertaken.

Strengths and limitations

Strengths of this study include the pre-specified nature of the analysis,
including harmonization of the endpoints and study procedures across
the two trials in the STEP-HFpEF programme, and the detailed record-
ing of diuretic use, types, and doses throughout both trials, which al-
lowed us to examine the effects of semaglutide across groups
stratified by baseline diuretic use/dose on a variety of clinically relevant
endpoints; and also to determine the effects of semaglutide vs. placebo

on loop diuretic doses during the 52-week duration of the trial.
Limitations of this study include the analysis of loop diuretic dose
changes in isolation, without considering changes in other medications.
However, such analyses are challenging given the polypharmacy and
hyper-polypharmacy commonly present in HFpEF,>’
counting for all medication changes methodologically difficult. We
were also unable to compare among the types of loop diuretics given
the relatively small sample sizes, although prior studies in HF have found
no differences in outcomes in relation to type of loop diuretic.®®
Nonetheless, our analytic approach was consistent with several other
secondary analyses of loop diuretic dose changes in previous HF
trials. >3 The study is also limited by lack of direct mechanistic in-
sights regarding changes in plasma volume, natriuresis, and cardiac
structure/function. The STEP-HFpEF programme does include an echo-
cardiographic substudy, which may shed additional light on the mechan-
isms behind the benefits of semaglutide in future analyses. Interaction
testing may be underpowered and therefore could have missed signifi-
cant differences in efficacy and safety among diuretic groups. Finally, the
STEP-HFpEF programme included a paucity of non-White participants,
thereby limiting generalizability.

which makes ac-

Conclusions

In STEP-HFpEF, the first clinical trial programme to examine the role of
the GLP1-RA semaglutide in the management of patients with
obesity-related HFpEF, the clinical characteristics of patients differed
by baseline diuretic use and type, but the majority of beneficial
HF-related clinical effects and safety of semaglutide were consistent
across diuretic groups, with greater magnitude of improvement in
HF-related symptoms and physical limitations in patients taking loop
diuretics. Semaglutide treatment led to a clinically meaningful and signifi-
cant reduction in loop diuretic dose over the 52-week treatment per-
iod, which along with reductions in NT-proBNP and fewer HF events,
suggests disease-modifying effects in obesity-related HFpEF.
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