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Abstract

Aim: To perform a post hoc analysis of the FIGHT trial, evaluating the effect of
liraglutide (vs. placebo) on the totality of events in patients with heart failure with
reduced ejection fraction (HFrEF).

Materials and Methods: FIGHT was a double-blind randomized controlled trial (RCT)
that studied liraglutide versus placebo in 300 recently hospitalized patients with
HFrEF followed for 180 days. The main outcome of the present analysis was total
events of hospitalizations for heart failure (HF) or all-cause death. Secondary out-
comes included total arrhythmic events and prespecified total events of interest
(arrhythmias, sudden cardiac death, acute coronary syndrome, worsening HF, cere-
brovascular event, venous thromboembolism, lightheadedness, presyncope/syncope
or worsening renal function). Treatment effect was evaluated with negative binomial
regression.

Results: Compared to placebo, there was a trend towards increased risk with liraglu-
tide of total HF hospitalizations or all-cause deaths (96 vs. 143 events, incidence rate
ratio [IRR] 1.41, 95% confidence interval [CI] 0.98-2.04; P = 0.064) and total arrhyth-
mias (21 vs. 39, IRR 1.76, 95% Cl 0.92-3.37; P = 0.088). Total prespecified events of
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1 | INTRODUCTION

Glucagon-like peptide-1 receptor agonists (GLP-1RAs) are a drug class
that promote glycaemic control and weight loss, lower blood pressure
and improve lipid profile.! In randomized controlled trials (RCTs), GLP-
1RAs decreased the risk of major adverse cardiovascular events
(MACE) in patients with type 2 diabetes (T2D) with a high cardiovas-
cular risk,2 and current guidelines for treatment of T2D propose GLP-
1RAs as a preferential class for those patients at high risk of athero-
sclerotic cardiovascular events.>*

Despite these beneficial effects, GLP-1RAs are known for
increasing heart rate and activating cyclic adenosine monophosphate
(cAMP)-dependent pathways,®> which have been associated with detri-
mental effects in patients with heart failure with reduced ejection
fraction (HFrEF).6

Despite the reduction in MACE in RCTs with patients with T2D,
these trials included only a small fraction of heart failure (HF) patients
without measuring ejection fraction or natriuretic peptides;” thus, the
efficacy and safety of GLP-1RAs among patients with HF, particularly
those with HFrEF, is not well established.

In two small RCTs with the GLP-1RA liraglutide in HFrEF, namely,
the Heart Failure Network Functional Impact of GLP-1 for Heart Fail-
ure Treatment (FIGHT)® and the Effect of Liraglutide on Left Ventricu-
lar Function in Stable Chronic Heart Failure Patients with and without
Diabetes (LIVE) studies,” treatment with liraglutide was not associated
with beneficial effects and there was a higher number of hospitaliza-
tions for worsening HF and arrhythmia-related events in the group
treated with liraglutide compared to placebo, albeit not reaching sta-
tistical significance. The analysis of both trials focused on the evalua-
tion of first events which may have limited their power to detect
potential adverse effects of GLP-1RAs. The effect of the GLP-1RA
albiglutide was also evaluated in patients with stable HFrEF.1© In that

small RCT (82 participants, 12 weeks follow-up), albiglutide did not

interest were increased with liraglutide compared to placebo (196 vs. 295, IRR 1.43,
95% Cl 1.06-1.92; P = 0.018). The risk of HF hospitalizations or all-cause deaths with
liraglutide was higher among patients in New York Heart Association (NYHA) Class IlI
to IV (IRR 1.86, 95% Cl 1.21-2.85) than in those in NYHA Class | to Il (IRR 0.62, 95%
Cl 0.31-1.23; interaction P = 0.008), and among patients with diabetes (interaction
P = 0.051). The risk of arrhythmic events was higher among those without an
implanted cardiac device (interaction P = 0.047).

Conclusions: In patients with HFrEF, liraglutide might increase the risk of cardiovas-
cular adverse effects, an effect possibly driven by excess risk of arrhythmias and
worsening HF events. As this was a post hoc analysis, these results should be inter-
preted as exploratory and hypothesis-generating. Further RCTs must be conducted
before drawing definitive conclusions.

adverse events, arrhythmia, GLP-1 receptor agonists, heart failure hospitalizations, heart failure
with reduced ejection fraction, liraglutide

improve cardiac function or myocardial glucose use. Although albiglu-
tide was well tolerated in the RCT, the number of participants and the
short follow-up may have limited the detection of potential adverse
effects (no hospitalizations for worsening HF were reported during
this period).

In the present analysis, we aimed to evaluate the effect of the
GLP-1RA liraglutide (vs. placebo) on the totality of events of HF hos-
pitalization or all-cause death in patients with HFrEF enrolled in the
FIGHT trial.

2 | MATERIALS AND METHODS

21 | FIGHT trial

FIGHT was a multicentre, double-blind RCT, designed to determine if
the use of the GLP-1RA liraglutide improved clinical stability in
recently hospitalized patients with HFrEF.1! The trial was conducted
between August 2013 and March 2015 at 24 sites in the
United States, and participants were identified based on hospital
admission records. Participants, aged 18 years or older, were required
to have an established diagnosis of HF and a left ventricular ejection
fraction (LVEF) of 40% or lower during the preceding 3 months. Addi-
tional inclusion criteria included: (i) a recent (within 14 days) hospitali-
zation for acute HF and (ii) a preadmission oral diuretic dose of at
least 40 mg of furosemide or an equivalent per day. Key exclusion cri-
teria were: (i) a recent acute coronary syndrome or coronary interven-
tion; (ii) known intolerance of GLP-1RA therapy; and (iii) severe renal,
hepatic or pulmonary disease. Subjects with and without T2D were
enrolled in the trial. In total, 300 patients were randomized. A per-
muted block randomization scheme, stratified by clinical site and T2D
status, was performed. Of these, 154 were randomized to liraglutide

and 146 to placebo. Liraglutide and placebo were packaged identically
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to maintain blinding to patients and investigators. Study drug dosage
was uptitrated as tolerated every 14 days from 0.6 mg/d to 1.2 mg/d
to 1.8 mg/d during the first 30 days of the trial. In the primary analy-
sis, the main outcome was a global rank score in which patients were
ranked across three hierarchical tiers (with higher values indicating
better health): time to death, time to rehospitalization for HF, and
time-averaged proportional change in N-terminal pro-B-type natri-
uretic peptide (NT-proBNP) level from baseline to 180 days. There
was no significant between-group difference in the global rank scores
(146 for the liraglutide group vs. 156 for the placebo group; P = 0.31).

The FIGHT trial was sponsored by the National Heart, Lung, and
Blood Institute (NHLBI). The study protocol was approved by the
institutional review board and ethics committee at each participating
centre. Access to the FIGHT database was provided through NHLBI/
BioLINCC (https://biolincc.nhlbi.nih.gov/studies/hfn_fight/) with ethi-
cal approval from the Centro Hospitalar Universitdrio Sdo Jodo / Facul-
dade de Medicina da Universidade do Porto (process number #432/21).

2.2 | Study outcomes

The main outcome of this analysis was total events (first and recur-
rent) of HF hospitalizations or all-cause death. As secondary outcomes
we evaluated: (i) total HF hospitalizations; (i) all-cause death; (iii) total
events of HF hospitalizations; urgent HF visits requiring intravenous
diuretic treatment or all-cause death; (iv) total events of urgent HF
visit requiring intravenous treatment; (v) total arrhythmic events
(investigator reported); and (vi) prespecified total events of interest
(predefined by the study investigators as any of the following:
arrhythmias, sudden cardiac death, acute coronary syndrome, worsen-
ing HF, cerebrovascular event, venous thromboembolism, lighthead-

edness, presyncope or syncope, or worsening renal function).

2.3 | Statistical analysis

The main analyses of this study were conducted using the intention-
to-treat principle and included all randomized participants during the
study follow-up of approximately 180 days. The main and secondary
outcomes were analysed by a negative binomial regression model
with count of events as outcome and treatment group as independent
variable. The results of the negative binomial test for the treatment
effect of liraglutide versus placebo are described as incidence rate
ratios (IRRs) with the respective 95% confidence intervals (Cls).
Andersen-Gill models for recurrent events were also performed for
internal consistency assessment. The introduction of anti-arrhythmic
drugs during the follow-up period was assessed by mixed-effects
logistic regression as an exploratory analysis.

Subgroup analyses were performed according to age (265 years
vs. <65 years), sex (female vs. male), diagnosis of T2D (yes vs. no),
LVEF (£25% vs. >25%), body mass index (BMI; 230 kg/m? vs. <30 kg/
m?), NT-proBNP levels (>2000 pg/mL vs. <2000 pg/mL), New York
Heart Association (NYHA) class (Class -1V vs. Class I-11), HF aetiology

(ischaemic vs. non-ischaemic), use of cardiac resynchronization ther-
apy or implantable cardioverter-defibrillator (yes vs. no), use of
digoxin (yes vs. no), and use of amiodarone or other anti-arrhythmic
drugs (yes vs. no), with differences in the effect of liraglutide versus
placebo assessed using subgroup analyses with interaction terms.

A two-sided P value of <0.05 was taken to indicate statistical sig-
nificance. No correction for multiple testing was performed due to the
exploratory nature of this work. All analyses were performed using
Stata® (StataCorp. 2021. Stata Statistical Software: Release 17;
StataCorp LLC College Station, Texas).

3 | RESULTS
3.1 | Baseline patient characteristics by number of
total events

The median (percentile,s.7s) age of the patients was 61 (52-68) years,
the median LVEF was 25 (19-33)%, and 64 (21%) were women. Com-
pared to patients alive and without HF hospitalizations during the
180-day follow-up (N = 156), those who had only one (N = 56) and par-
ticularly those who had two or more HF hospitalizations or a fatal event
(N = 88) presented more frequently with severely symptomatic HF
(NYHA Class lll or IV: 63.8% vs. 69.1% vs. 79.1%; P = 0.050), had lower
LVEF (median: 23% vs. 25% vs. 20%; P = 0.016), had more frequent
previous HF hospitalizations (two or more: 40.4% vs. 60.7% vs. 69.3%;
P < 0.001), used cardiac devices more often (78.2% vs. 73.2% vs. 88.6%;
P = 0.048), had lower haemoglobin levels (median: 13 g/dL vs. 12 g/dL
vs. 12 g/dL; P = 0.041), and used angiotensin-converting enzyme inhibi-
tors/ angiotensin Il receptor blockers less frequently (76.9% vs. 75.0%
vs. 61.4%; P = 0.029 [Table 1]). The distribution of total HF hospitaliza-
tions or death is shown in Figure 1A. The distribution of total

investigator-reported events of interest is shown in Figure 1B.

3.2 |
events

Effect of liraglutide versus placebo on total

During the 6-month follow-up period, in participants treated with lira-
glutide, compared to placebo, there was a trend towards increased
number of total HF hospitalizations or all-cause deaths (96 vs.
143 events, IRR 1.41, 95% Cl 0.98-2.04; P = 0.064), total HF hospital-
izations (80 vs. 124 events, IRR 1.47, 95% Cl 0.98-2.20; P = 0.061),
intravenous diuretic therapy, HF hospitalizations or all-cause deaths
(102 vs. 153 events, IRR 1.48, 95% Cl 1.00-2.19; P = 0.056) and total
investigator-reported arrhythmias (21 vs. 39, IRR 1.76, 95% ClI
0.92-3.37; P = 0.088). Total prespecified investigator-reported events
of interest were increased with liraglutide compared to placebo
(196 vs. 295, IRR 1.43, 95% Cl 1.06-1.92; P = 0.018 [Table 2]). The
Andersen-Gill model provided similar results: hazard ratio [HR] 1.53,
95% Cl 1.02 to 2.31 (P = 0.040) for total HF hospitalizations or all-
cause deaths and HR 1.41, 95% CI 1.01 to 1.97 (P = 0.043) for total
prespecified investigator-reported events of interest (Figure 2).
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TABLE 1 Baseline characteristics of the patients by the number of events of heart failure hospitalization or all-cause mortality
Number of events of HF hospitalization or all-cause mortality
None 1 event 2 or more events
(N = 156) (N = 56) (N — 88) C e
Age, years 61.0(53.0, 68.5) 62.5 (50.5, 68.0) 61.0(51.0, 66.0) 0.57
Women, n (%) 27 (17.3) 12 (21.4) 25 (28.4) 0.13
Race, n (%) 042
White 94 (60.3) 30 (53.6) 48 (54.5)
Black 53 (34.0) 25 (44.6) 37 (42.0)
Other 9(5.8) 1(1.8) 3(3.4)
BMI, kg/m? 31.6 (26.1, 35.6) 32.1(25.5, 36.6) 30.8 (26.0, 36.9) 0.96
NYHA Class llI-IV, n (%) 97 (63.8) 38(69.1) 68(79.1) 0.050
Systolic BP, mmHg 107.0 (98.0, 120.0) 110.0 (96.0, 120.5) 108.0 (100.0, 117.0) 0.97
Diastolic BP, mmHg 66.0 (59.0, 75.0) 67.0(59.5,79.0) 66.0 (59.0, 74.0) 0.67
Heart rate, bpm 76.0 (68.0, 86.0) 76.0 (66.5, 89.5) 75.5 (69.0, 86.0) 0.61
LVEF, % 23.0(18.0, 25.0) 25.0(17.8, 30.0) 20.0 (15.0, 25.5) 0.016
HF of ischaemic aetiology, n 125 (80.1) 47 (83.9) 74 (84.1) 0.68
(%)
Time from HF diagnosis, years 6.5(3.3,11.1) 5.1(3.0, 9.6) 7.3(3.3,12.5) 0.63
HHF within past year, n (%) <0.001
0 22 (14.1) 6(10.7) 10(11.4)
1 71 (45.5) 16 (28.6) 17 (19.3)
2+ 63 (40.4) 34 (60.7) 61 (69.3)
Type 2 diabetes, n (%) 93(59.6) 29 (51.8) 56 (63.6) 0.37
Hypertension, n (%) 122 (78.2) 45 (81.8) 68 (77.3) 0.80
Atrial fibrillation / flutter, n (%) 78 (50.0) 34 (60.7) 42 (47.7) 0.28
History of sustained VT, VF or 23(14.7) 6(10.7) 19 (21.6) 0.18
resuscitated cardiac arrest,
n (%)
Pacemaker or ICD, n (%) 122 (78.2) 41 (73.2) 78 (88.6) 0.048
Stroke of TIA, n (%) 23(14.8) 7 (12.5) 11(12.8) 0.86
Chronic kidney disease, n (%) 54 (34.6) 22 (40.0) 42 (48.3) 0.11
Sodium, mEq/L 137.0 (135.0, 140.0) 136.5 (134.0, 139.0) 136.0(134.0, 139.0) 0.080
Potassium, mEq/L 4.1(3.8,4.5) 4.0(3.7,4.3) 4.2(3.8,4.4) 0.11
eGFR, mL/min/1.73 m? 51.1(38.8, 69.4) 55.5(38.4,72.2) 494 (34.1, 65.9) 0.38
Cystatin C, mg/L 1.3(1.1,1.7) 1.5(1.2,1.8) 14(1.1,1.9) 0.23
Glucose, mg/dL, mmol/L 108.0 (95.0, 143.0) mg/dL = 6.0 109.0 (94.5, 137.5) mg/dL = 6.1 115.0 (96.0, 148.0) mg/dL = 6.4  0.38
(5.3, 7.9) mmol/L (5.3, 7.6) mmol/L (5.3, 8.2) mmol/L
HbA1c, %, mmol/mol 6.6 (6.0, 7.6) % = 49 (42, 60) 6.6 (5.8,7.9) % = 49 (40, 63) 6.8 (6.0,8.0) % = 51 (49, 64) 0.42
mmol/mol mmol/mol mmol/mol
Haemoglobin, g/dL 13.0(11.5, 14.5) 12.0(11.2, 13.8) 12.3(11.0, 13.5) 0.041
NT-proBNP, pg/mL 2150.5 (1016.5, 4271.5) 1908.5 (1153.0, 3944.0) 1982.5(1141.0, 4754.0) 0.80
ACE inhibitors or ARBs, n (%) 120 (76.9) 42 (75.0) 54 (61.4) 0.029
Beta-blockers, n (%) 149 (95.5) 52(92.9) 81 (92.0) 0.51
Aldosterone antagonists, n (%) 87 (56.5) 37 (66.1) 53 (60.2) 0.45
Loop diuretics, n (%) 156 (100.0) 54 (96.4) 87 (98.9) 0.070
Digoxin, n (%) 52(33.3) 17 (30.4) 33(37.5) 0.66
Amiodarone or other 38 (24.4) 18 (32.1) 26 (29.9) 0.44

antiarrhythmic drugs, n (%)

Note: Results are presented as median (IQR) unless otherwise stated.
Abbreviations: ACE, angiotensin-converting enzyme; ARB, angiotensin Il receptor blocker; BMI, body mass index; BP, blood pressure; bpm, beats per
minute; eGFR, estimated glomerular filtration rate (CKD-EPI creatinine formula); HbA1c, glycated haemoglobin; HF, heart failure; HHF, heart failure
hospitalizations; ICD, implantable cardioverter-defibrillator, IQR, interquartile range; LVEF, left ventricular ejection fraction; NT-proBNP, N-terminal pro-B-
type natriuretic peptide; NYHA, New York Heart Association; TIA, transient ischaemic attack, VF, ventricular fibrillation; VT, ventricular tachycardia.

*P value for trend.
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FIGURE 1 Total number of events of heart failure (HF) hospitalizations or all-cause mortality (A). Total number of events of interest,
predefined by the study investigators as any of the following: arrhythmias, sudden cardiac death, acute coronary syndrome, worsening HF,
cerebrovascular event, venous thromboembolism, lightheadedness, presyncope or syncope, or worsening renal function (B)

TABLE 2 Study outcomes (results are displayed as total events)

Outcome Events placebo (N = 146) Events liraglutide (N = 154) Incidence rate ratio (95% Cl) P value
Total HHF or death 96 143 1.41 (0.98-2.04) 0.064
Total HHF 80 124 1.47 (0.98-2.20) 0.061
Death 16 19 1.13(0.58-2.19) 0.72
Total HHF, urgent HF visit or death 102 153 1.48 (1.00-2.19) 0.056
Urgent HF visits 6 10 1.58(0.52-4.81) 0.42
Total arrhythmic events® 21 39 1.76 (0.92-3.37) 0.088
Total events of interest®? 196 295 1.43 (1.06-1.92) 0.018

Abbreviations: HF, heart failure; HHF, hospitalizations for heart failure.

Investigator-reported.

bEvents of interest, predefined by the study investigators as any of the following: arrhythmias, sudden cardiac death, acute coronary syndrome, worsening
HF, cerebrovascular event, venous thromboembolism, lightheadedness, presyncope or syncope, or worsening renal function.

(A) HF hospitalizations or Death (B) Total Events of Interest
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FIGURE 2 Cumulative hazard (Andersen-Gill model) of total events of heart failure (HF) hospitalization or all-cause mortality: hazard ratio
[HR] 1.53, 95% confidence interval [CI] 1.02-2.31, P = 0.040 (A) and total events of interest: HR 1.41, 95% Cl 1.01-1.97, P = 0.043 (B)
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Incidence rate P value for

HF hospitalizations or death ratio (95%Cl) Interaction

All participants —e— 1.41(0.98-2.04)

Age i 0.87
<65 years -—0— 1.39(0.89-2.16)
>65 years —) 1.48 (0.77-2.84)

Sex ! 0.76
Male —— 1.37(0.91-2.08)

Female — 1.57(0.73-3.39)

T2D i 0.051
Yes | — 1.91(1.19-3.08)

No _— 0.92 (0.52-1.61)

LV ejection fraction H 0.72
<25% 0 1.35 (0.88-2.07)
>25% —— 1.57(0.77-3.21)

BMI : 0.93
<30 kg/m2 —0— 1.43 (0.84-2.43)

30 kg/m2 —— 1.38 (0.84-2.28)

NT-proBNP ' 0.99
<2000 pg/mL —_0— 1.36 (0.79-2.33)
>2000 pg/mL —_ 1.37(0.81-2.32)

NYHA class H 0.008
I-11 — 0.62 (0.31-1.23)

"I-1Iv ! —a— 1.86(1.21-2.85)

HF aetiology ! 0.47
Ischaemic —— 1.50 (1.00-2.55)
Non-ischemic — 1.05 (0.43-1.91)

Pacemaker or ICD i 0.43
Yes —a— 1.34 (0.90-1.99)

No ————®——» 2.03(0.79-5.22)

Digoxin H 0.84
Yes — 1.49 (0.81-2.73)

No S — 1.38(0.87-2.17)

Amiodarone or other !

anti-arrhythmic drugs ! 0.44
Yes o o 1.76 (0.87-3.57)

No . 1.28 (0.83-1.96)
S
0.5 1.0 2.0 4.0
Decreased with Increased with
Liraglutide Liraglutide
FIGURE 3 Subgroup analyses for the total events of heart failure

(HF) hospitalization or all-cause mortality. Cl, confidence interval;
T2D, type 2 diabetes; LV, left ventricular; BMI, body mass index;
NYHA New York Heart Association; ICD, implantable cardioverter-
defibrillator

Liraglutide increased the new use of anti-arrhythmic drugs (amio-
darone, propafenone, digoxin): 75 versus 115 (odds ratio 4.01, 95% ClI
0.78-20.6; P = 0.097).

3.3 | Subgroup analyses

The risk of total HF hospitalizations or all-cause deaths with liraglutide
was higher among patients in NYHA Class Ill or IV (IRR 1.86, 95% ClI
1.21-2.85) than in those in NYHA Class | or Il (IRR 0.62, 95% CI
0.31-1.23; interaction P = 0.008) and among patients with T2D (IRR
1.91, 95% Cl 1.19-3.08) than in those without diabetes (IRR 0.92,
95% Cl 0.52-1.61; interaction P = 0.051 [Figure 3]). The risk of total
arrhythmic events with liraglutide was higher among those without an
implantable cardioverter-defibrillator (IRR 12.57, 95% ClI 1.42-111.54)
than in those with an implantable cardioverter-defibrillator (IRR 1.23,
95% Cl 0.61-2.48; interaction P = 0.047) and in those not using

digoxin (IRR 3.11, 95% Cl 1.26-7.68) than in those using digoxin (IRR
0.92, 95% Cl 0.34-2.50; interaction P = 0.076 [Figure S1]). A similar
pattern was found for total investigator-reported events of interest
(Figure S2).

4 | DISCUSSION
Our re-analysis of the FIGHT trial found a consistent pattern of
increased risk of adverse events with liraglutide compared to placebo.
Although it did not reach the statistical significance threshold of 0.05
for many of the studied endpoints, the consistency of the pattern
across all outcomes strongly suggests that there is a potential risk
associated with the use of liraglutide (and probably other GLP-1RAs)
in patients with HFrEF. This risk is possibly driven by an excess of
arrhythmias and worsening HF events with liraglutide use. A poten-
tially increased risk of arrhythmic and worsening HF events with the
use of GLP-1RAs in HFrEF is biologically plausible and has been exter-
nally replicated. In the small LIVE trial that enrolled 241 stable HFrEF
patients randomized to either liraglutide or placebo (a lower-risk pop-
ulation compared to that in FIGHT), an excess risk of serious cardiac
events was seen in the liraglutide group, driven by ventricular tachy-
cardias (including one death) and atrial fibrillation (10% vs. 3%;
P =0.04)°

Despite its modest size and short follow-up (300 patients fol-
lowed for 180 days), the FIGHT trial included a remarkably high-risk
population due to the requirement for high natriuretic peptide levels
and recent HF hospitalization prior to inclusion. Thus, the FIGHT trial
was able to provide many “hard” events to assess the effect of liraglu-
tide among patients with advanced HFrEF. Contrary to the original
analysis, we evaluated not only time to first event, but the total
number of events, which may more fully capture the total burden
of disease in HF.12 Potentially harmful effects of liraglutide could
already be seen in the primary report of the FIGHT trial, with a
time-to-first-event analysis, where the risk of: hospitalization for
cardiovascular reasons (HR 1.33, 95% CI 0.95-1.85; P = 0.09);
emergency department visit, hospitalization for cardiovascular rea-
sons, or all-cause death (HR 1.34, 95% CIl 1.00-1.80; P = 0.05); and
emergency department visit, HF hospitalization, or all-cause death
(HR 1.36, 95% CI 0.99-1.85; P = 0.05) all increased with liraglutide
compared to placebo.® These findings are reinforced and expanded
by the present total event analysis, highlighting the risk of HF re-
hospitalizations, arrhythmias (supported by the introduction of
anti-arrhythmic agents), and total events of interest (including
arrhythmias, sudden cardiac death, acute coronary syndrome,
worsening HF, cerebrovascular event, venous thromboembolism,
lightheadedness, presyncope or syncope, or worsening renal func-
tion). The heightened risk among patients with severe symptoms
(NYHA 11I-1V), and those not treated with cardiac devices or anti-
arrhythmic agents such as digoxin, suggests that liraglutide may be
particularly harmful among unstable HFrEF patients who are not
protected against arrhythmias, including potentially fatal ventricu-

lar arrhythmias.
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The mechanisms by which liraglutide and other GLP-1RAs may
increase the risk of adverse cardiovascular events in patients with
HFrEF are not fully understood but might relate to altered intracellular
cAMP dynamics. GLP-1 receptors are expressed in cardiomyocytes
and sinoatrial node cells, signalling through a cAMP-dependent path-
way.'® Preclinical data have already shown an increase in cardiac
intracellular cAMP levels with GLP-1RA treatment.***¢ Furthermore,
extensive mechanistic data have shown that increased intracellular
cAMP raises the risk of arrhythmia and leads to myocardial dysfunc-
tion in HF.2"*? Importantly, the macromolecular complexes responsi-
ble for restricting cAMP action have been shown to be disrupted in
HF,%° extending cAMP-dependent signalling activation in time and
space within the cardiomyocyte, causing calcium overload and predis-
posing to myocardial dysfunction and fatal arrhythmic events.”-?!
This is in accordance with data from clinical trials, showing that drugs
that increase cAMP levels (eg, milrinone) increase the risk of arrhyth-
mic events and mortality in HFrEF,?? while drugs that decrease cAMP
levels (e.g. beta-blockers) are associated with decreased risk.2® GLP-
1RAs increase cAMP levels by pathways independent of beta-
adrenergic receptors.242 The increased risk of cardiovascular adverse
effects in the FIGHT trial, despite more than 90% of participants being
treated with beta-blockers, suggests that beta-blockers do not protect
from arrhythmic events and worsening HF events with GLP-1RAs in
HFrEF.

While in populations without myocardial dysfunction and with
low risk of arrhythmias, the myocardial effects of GLP-1RAs may not
significantly increase the risk of HF events or arrhythmias,?’” in
patients with HFrEF, the lower cardiac reserve and the higher pro-
arrhythmogenic potential may make this population particularly sus-
ceptible to adverse cardiac effects with GLP-1RAs. In agreement with
this hypothesis, some RCTs with GLP-1RAs in T2D showed significant
interactions of the treatment arm with baseline HF status on study
endpoints, with event rate reductions seen only in patients without
HF at baseline. In the EXSCEL trial with exenatide, all-cause mortality
was not reduced in the subgroup with HF (HR 1.05, 95% ClI,
0.85-1.29) but was significantly reduced in those without HF at base-
line (HR 0.79, 95% Cl, 0.68-0.92; interaction P = 0.03).?% Also, in a
combined analysis of the SUSTAIN-6 and PIONEER-6, semaglutide
reduced MACE among participants without HF (HR 0.79, 95% ClI
0.68-0.92), but not in those with HF at baseline (HR 1.06, 95% ClI
0.72-1.57; interaction P = 0.03).?% In the LEADER trial, liraglutide
reduced the composite of HF hospitalization or cardiovascular death
in the subgroup without baseline HF history (HR 0.77, 95% ClI
0.65-0.91) but not in the subgroup with baseline HF (HR 0.92, 95%
Cl, 0.74-1.15), even though the interaction was not significant (inter-
action P = 0.19).% In all these trials, HF subgroup included patients
with HFrEF and patients with HF with preserved ejection fraction
(HFpEF), which may explain the differences compared to the FIGHT
trial. From the RCTs with GLP-1RAs in T2D, only the EXSCEL
reported LVEF and, among participants with baseline HF and docu-
mented ejection fraction, only 22% had reduced ejection fraction.?®
Furthermore, some trials of GLP-1RAs versus placebo in patients with

T2D have reported an excess of risk of ventricular fibrillation/

tachycardia or cardiovascular conduction disorders with GLP-1RAs
(EXCSEL: 41/7356 vs. 26/7396; LEADER 18/4668 vs. 8/4672;
REWIND: 216/4949 vs. 192/4952) 3133

The findings reported here have important clinical consequences
and further trials are needed to confirm the potential excess risk with
GLP-1RAs in patients with HFrEF. Until such trials are conducted,
GLP-1RAs should be avoided in patients with HFrEF.

Whether this increased risk is also observed in patients with
HFpEF is uncertain; no RCTs have specifically evaluated GLP-1RAs in
this population. Given the contribution of metabolic dysfunction and
obesity to the pathophysiology of HFpEF,** the systemic effects of
GLP-1RAs may counterweight, at least partially, the potential direct
increased risk of arrhythmogenic effects. The Research Study to
Investigate How Well Semaglutide Works in People Living With Heart
Failure and Obesity (STEP-HFpEF; clinicaltrials.gov
NCT04788511) and the Research Study to Look at How Well Sema-
glutide Works in People Living With Heart Failure, Obesity and Type
2 Diabetes (STEP HFpEF DM; clinicaltrials.gov identifier:
NCT04916470) are evaluating the effect of the GLP-1RA semaglutide
on the function and symptoms of patients with HFpEF.

identifier:

It is important to distinguish the effects of GLP-1RAs in patients
with T2D without HF from the effects in patients with established
HF. While our results suggest that, in those with established HFrEF,
treatment with GLP-1RAs may increase the risk of adverse effects,
and in those without HF, GLP-1RAs may prevent the development of
HF. A recent meta-analysis of RCTs in T2D showed that treatment
with GLP-1RAs significantly reduced hospitalizations for HF.3> Obser-
vational data also suggest that GLP-1RAs may decrease HF events in
primary prevention.*® The improvement of metabolic control and the
prevention of coronary atherosclerotic disease with GLP-1RAs may
explain the primary prevention of HF development in T2D. Further-
more, GLP-1RAs decrease epicardium fat,>” which likely plays a role
in the pathogenesis of HFpEF.%8 It is plausible that HF events pre-
vented by GLP-1RAs in diabetes are predominantly HFpEF events.

Given the potential adverse effects of GLP-1RAs in HFrEF, in
patients with T2D or obesity with symptoms suggestive of or clinical
suspicion of HF, an echocardiogram and natriuretic peptides may be
considered before starting the treatment. On the other hand, in those
without HFrEF, our results should not discourage clinicians from using
GLP-1RAs, given their well-established atherosclerotic cardiovascular
benefit in T2D? and their potential cardiovascular benefits in
obesity.?

Our study has some limitations. This was a post hoc analysis of an
RCT and some studied endpoints did not reach the statistical signifi-
cance threshold of 0.05; however, the consistent trend for increased
risk of adverse events across different outcomes, the biological plausi-
bility, and the finding of similar results in the LIVE trial provide robust-
ness to our analyses.” This RCT had a short follow-up (6 months) and
a modest size sample (300 participants); however, the remarkably
high-risk population included led to a high number of “hard” out-
comes during the trial. The increased risk observed in this high-risk
population with a recent hospitalization may not apply to other

groups of patients with HFrEF. The FIGHT trial was conducted
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between August 2013 and March 2015, and new therapeutic inter-
ventions have been introduced since then in the management of
HFrEF (including ARNI and SGLT2 inhibitors); although the potential
detrimental effects of GLP-1RAs are not expected to be modified by
the current management of HFrEF, we cannot exclude this possibility.
We could not determine the cause of HF decompensation that led to
hospitalization, but it is possible that arrythmias could have contrib-
uted to some of these HF events. No correction for multiplicity of
tests was made, which may increase the risk of chance findings and
type | error.

Despite these limitations, this analysis is an important addition to
what was already known from the original analysis. In the original
analysis, the global rank score did not differ between groups, and the
study was interpreted as neutral. Although there was already a trend
towards worse outcomes with liraglutide in the original analysis
(Table S1), the use of totality of events allowed a clearer assessment
of the effects of liraglutide in advanced HFrEF. The identification that
the risk of HF hospitalizations or death with liraglutide was higher in
patients in NYHA Class Il to IV is clinically relevant. Furthermore, the
higher risk of HF hospitalizations or death with liraglutide in patients
with T2D is also relevant as this is the population most commonly
treated with GLP-1RAs. Arrhythmic events were not specifically eval-
uated in the original analysis and our analysis showed a trend towards
an increased risk of arrhythmias, particularly among those without an
implanted cardiac device. As with any post hoc analysis, our study
must be interpreted as exploratory and hypothesis-generating, and
further RCTs must be conducted before drawing definitive
conclusions.

In conclusion, in patients with HFrEF, treatment with liraglutide
might increase the risk of cardiovascular adverse effects, an effect
possibly driven by an excess risk of arrhythmias and worsening HF
events. Further trials with GLP-1RAs should be performed to better
assess the risks versus benefit of GLP-1RAs in patients with HFrEF;
until then, the use of liraglutide, and possibly other GLP-1RAs, should

be avoided in patients with advanced HFrEF.
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