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Abstract

Background Acoramidis, an oral transthyretin stabilizer that achieves near-complete (≥90%) transthyretin stabilization, demonstrated 
significant clinical benefit over placebo in participants with transthyretin amyloid cardiomyopathy (ATTR-CM) in the phase 3 
ATTRibute-CM trial (NCT03860935).

Methods Post-hoc exploratory analyses of ATTRibute-CM were performed to evaluate associations between outpatient worsening 
heart failure (HF) (initiation/escalation of oral loop diuretics) and clinical outcomes, the impact of acoramidis on outpatient 
worsening HF, and the effect of acoramidis on clinical outcomes adjusting for time-dependent first outpatient worsening HF.

Results In the modified-intention-to-treat population, 287/611 participants (46.97%) experienced outpatient worsening HF, which 
was associated with an increased risk of all-cause mortality (ACM)/recurrent cardiovascular hospitalization (CVH) (hazard 
ratio [HR] 1.95, 95% confidence interval [CI] 1.51–2.51), first CVH (HR 2.78, 95% CI 1.95–3.95), ACM (HR 1.64, 95% CI 
1.14–2.36), and cardiovascular mortality (HR 1.63, 95% CI 1.08–2.46) through month 30. Acoramidis was associated with 
a 41% risk reduction of first outpatient worsening HF versus placebo (HR 0.59, 95% CI 0.46–0.75); Kaplan–Meier curves se
parated early, nominal statistical significance was first reached at day 30 (HR 0.562, 95% CI 0.317–0.998; P = .0492), and sus
tained nominal statistical significance was achieved at day 134 through month 30. When adjusting for time-dependent first 
outpatient worsening HF over 30 months, acoramidis reduced the risk of ACM/recurrent CVH and first CVH versus placebo.

Conclusions Outpatient worsening HF was associated with clinical outcomes in ATTR-CM. Acoramidis reduced the risk of outpatient 
worsening HF; effects emerged early and persisted throughout follow-up.
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Introduction
Transthyretin amyloid cardiomyopathy (ATTR-CM) is a progressive 
condition caused by destabilization and dissociation of transthyretin 
(TTR) tetramers into monomers, which misfold and accumulate as 
amyloid fibrils in the myocardial extracellular space.1,2 The disease fol
lows a progressive heart failure (HF) trajectory, in which episodes of 
worsening HF—managed in both outpatient and inpatient settings— 
are strongly associated with cardiovascular mortality (CVM) and there
fore represent key markers of disease progression.1,3–5

Outcomes in ATTR-CM have improved in recent years with the 
introduction of disease-modifying TTR therapies and optimized HF 
management.2,6,7 These advances have heightened interest in markers 
that sensitively reflect HF worsening and overall disease trajectory.7,8

Outpatient worsening HF, defined as initiation or intensification of 
oral loop diuretics, is a strong independent predictor of mortality in 
HF and ATTR-CM.4,8–12 Likewise, higher loop-diuretic requirements 
correlate with increased mortality risk.9,13 Together, these findings sup
port outpatient worsening HF as a robust marker of disease progres
sion and a potential therapeutic target.

Acoramidis is an oral TTR stabilizer that achieves near-complete 
(≥90%) TTR stabilization, and is approved for the treatment of wild- 
type and variant ATTR-CM in the United States, European Union, 
Japan, United Kingdom, and Switzerland.14–19 In the phase 3 
ATTRibute-CM trial (NCT03860935), acoramidis significantly 

improved outcomes versus placebo across the prespecified hierarchical 
endpoint—including mortality, cardiovascular hospitalization (CVH, 
which included urgent HF visits that required intravenous diuretic ther
apy), N-terminal pro–B-type natriuretic peptide (NT-proBNP), and 
6-minute walk distance—through month 30 (P < .001), with a favour
able safety profile.20

In subsequent analyses, acoramidis reduced the occurrence of all- 
cause mortality (ACM)/first CVH by 36%, ACM and recurrent CVH 
by 42%, and the annual frequency of CVH by 50%.21 In addition, acor
amidis was associated with early and sustained reductions in ACM/first 
CVH events and recurrent CVH events, with separation of Kaplan– 
Meier curves at month 3 and at month 1, respectively, and maintained 
through month 30.3,21 In the ATTRibute-CM open-label extension 
study (NCT04988386), continuous use of acoramidis was associated 
with a reduced risk of ACM/first CVH at month 42 versus participants 
who had switched from placebo to acoramidis at month 30.22 As acor
amidis leads to near-complete TTR stabilization and has an effect on es
timated glomerular filtration rate (eGFR) that is consistent with a renal 
haemodynamic effect,14,16 acoramidis may also influence earlier mani
festations of HF deterioration, such as outpatient diuretic escalation.

In this post hoc analysis, we evaluated: (1) the prognostic significance 
of outpatient worsening HF, (2) the effect of acoramidis on outpatient 
worsening HF, and (3) whether the effects of acoramidis persist for clin
ical outcomes after adjusting for time-dependent outpatient worsening 
HF.
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Methods
Study design
The methodology of the ATTRibute-CM study has previously been de
scribed.20 In brief, ATTRibute-CM was a randomized, double-blind, 
placebo-controlled trial, in which 632 participants were assigned in a 2:1 ra
tio to receive either acoramidis 800 mg twice daily or placebo for 30 
months.

Eligible participants were adults aged 18–90 years with an established 
diagnosis of chronic, stable, and symptomatic ATTR-CM; New York 
Heart Association (NYHA) functional class I, II, or III; and either a wild-type 
or variant TTR genotype. The efficacy analyses were carried out in the 
modified intention-to-treat (mITT) population, which comprised all rando
mized participants who had at least one post-baseline efficacy evaluation, 
received at least one dose of acoramidis or placebo, and had a baseline 
eGFR of ≥30 ml/min/1.73 m2. Safety and tolerability were evaluated in 
the safety population, which consisted of all randomized participants who 
received at least one dose of acoramidis or placebo. At the discretion of 
the investigator, participants could initiate open-label concomitant tafamidis 
at month 12.

ATTRibute-CM was conducted in accordance with the International 
Conference on Harmonization Good Clinical Practice guidelines and the 
principles of the Declaration of Helsinki. The study was approved by the in
dependent review board or ethics committee at each participating site. All 
participants provided written informed consent.

Outpatient worsening heart failure
Data on diuretics were collected at baseline and throughout the study. 
Outpatient worsening HF was defined as any post-baseline increase in loop- 
diuretic dose in relation to the baseline value and any new initiation among 
participants who were not taking loop diuretics at baseline. Daily oral loop- 
diuretic doses were converted to the furosemide-equivalent dose as fol
lows: bumetanide 1 mg or torsemide 20 mg = furosemide 40 mg.13

Changes in oral loop-diuretic therapy were permitted throughout the study 
at the investigator’s discretion and captured at every study visit.

Association between outpatient worsening 
heart failure and clinical endpoints
Analyses were carried out in the mITT population to evaluate the associa
tions between outpatient worsening HF and clinical endpoints (ACM/recur
rent CVH, first CVH, ACM, and CVM). The full definitions of these clinical 
endpoints have been described previously.3,21 Clinical endpoints were as
sessed every 90 days through month 30.

Treatment effect of acoramidis on outpatient 
worsening heart failure
Analyses were carried out in the mITT population to assess the impact of 
acoramidis on the rate and risk of outpatient worsening HF, and to describe 
event-free survival of a composite endpoint of ACM/first outpatient wor
sening HF, furosemide-equivalent dose at different time points, total 
furosemide-equivalent dose at the time of the first outpatient worsening 
HF, and the proportion of participants who received a total daily 
furosemide-equivalent dose over time.

Treatment effect of acoramidis on clinical 
outcomes adjusting for outpatient worsening 
heart failure
An analysis was performed to investigate the treatment effect of acoramidis 
on clinical outcomes when adjusted for outpatient worsening HF as a time- 
dependent covariate over 30 months.

Treatment-emergent adverse events
Treatment-emergent adverse events were evaluated in the context of out
patient worsening HF in the safety population.

Statistical analysis
The present analyses are exploratory and use data on participant concomi
tant medication as documented during ATTRibute-CM. The daily dose of 
oral loop-diuretic therapy was computed if the tablet dosage and daily in
take frequency were documented. The analyses excluded documented epi
sodes of oral loop diuretic administration with ambiguous information that 
did not allow for the calculation of a participant’s total daily dose.

The analyses that evaluated the time to a clinical outcome (including first out
patient worsening HF) were performed by stratified Cox regression models. If 
the first outpatient worsening HF is not part of an endpoint, then it was in
cluded as a time-dependent covariate in the model. Randomized treatment 
was another covariate used to evaluate the effect of acoramidis.

In the analysis that evaluated the association between outpatient worsen
ing HF and ACM/recurrent CVH, we used the Andersen–Gill extension of 
the Cox regression with a robust sandwich estimate for the covariance ma
trix for recurrent CVH.

The time-indexed HRs for time to first outpatient worsening HF and for 
time to ACM/first outpatient worsening HF were analysed using sequential 
daily stratified Cox regression model refits with administrative censoring at 
each day. Nominal pointwise P values were computed.

All statistical models included baseline 6-minute walk distance as a covariate 
and were stratified by genotype (wild-type vs variant ATTR-CM), NT-proBNP 
concentration (≤3000 vs >3000 ng/L), and eGFR level (≥45 vs <45 ml/min/ 
1.73 m2). The models used for the association of outpatient worsening HF 
and clinical outcomes were additionally stratified by randomized treatment. 
When risk reduction is discussed, it is defined as one minus the hazard ratio 
(HR) or one minus the relative risk ratio and is expressed as a percentage. 
The number-needed-to-treat (NNT) was calculated as one/absolute risk re
duction for first outpatient worsening HF, and the composite of ACM/first 
outpatient worsening HF, both rounded up to the nearest whole integer.

Results
Baseline characteristics
In ATTRibute-CM, 632 participants underwent randomization (safety 
population): 421 in the acoramidis group and 211 in the placebo group. 
The mITT population included 611 participants who received acorami
dis (n = 409) or placebo (n = 202).

Baseline demographic and clinical characteristics of the mITT popu
lation have been reported previously.20 Briefly, characteristics were 
comparable between treatment groups and represented a contempor
ary, global population of patients with ATTR-CM.20 In addition, baseline 
characteristics were generally well balanced between participants with 
and without outpatient worsening HF (Supplementary Table S1). As 
expected, those who experienced outpatient worsening HF were 
slightly more symptomatic at baseline (higher NYHA class), had margin
ally lower Kansas City Cardiomyopathy Questionnaire overall sum
mary scores, and had modestly higher NT-proBNP values. Use of 
background HF therapies was similar between groups.

Clinical outcomes in participants with 
outpatient worsening heart failure
In the overall mITT population (n = 611), 287 participants (46.97%) had 
outpatient worsening HF. First outpatient worsening HF was associated 
with a greater risk of ACM/recurrent CVH (HR 1.95, 95% confidence 
interval [CI] 1.51–2.51; P < .0001), first CVH (HR 2.78, 95% CI 1.95– 
3.95; P < .0001), ACM (HR 1.64, 95% CI 1.14–2.36; P = .0083), and 
CVM (HR 1.63, 95% CI 1.08–2.46; P = .0197) through month 30 (Figure 1).

Impact of acoramidis on outpatient 
worsening heart failure
During the double-blind period, a lower proportion of participants treated 
with acoramidis experienced outpatient worsening HF (167/409 [40.83%]) 
compared with those who received placebo (120/202 [59.41%]). 
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The proportion of participants treated with acoramidis was also lower 
across outpatient worsening HF event frequency categories (1, 2, 3, and 
≥4) versus those who received placebo (Table 1). Based on an absolute 
risk reduction of 18.58% with acoramidis versus placebo, the NNT to 
prevent first outpatient worsening HF over 30 months of treatment 
was six.

In a time-to-first event analysis, acoramidis was associated with a 
41% risk reduction of first outpatient worsening HF (HR 0.59, 95% 
CI 0.46–0.75; P < .0001) relative to placebo, with the Kaplan–Meier 
curves separating early (Figure 2). Nominal statistical significance was 
first reached at day 30 (HR 0.562, 95% CI 0.317–0.998; P = .0492); sus
tained nominal statistical significance was achieved at day 134 through 
month 30 (Supplementary Figure S1).

In the analysis for time to event-free survival for the composite end
point of ACM/first outpatient worsening HF, acoramidis was associated 
with a 36% risk reduction of the composite endpoint (HR 0.64, 95% CI 
0.52–0.79; P < .0001) relative to placebo, with the Kaplan–Meier curves 
separating early (Figure 3). Nominal statistical significance was first 
reached at day 32 (HR 0.56, 95% CI 0.32–0.98; P = .0423); sustained 
nominal statistical significance was achieved at day 137 through month 
30. ACM/first outpatient worsening HF occurred in 52.08% of patients 
in the acoramidis group and 69.31% of patients in the placebo group. 
Based on an absolute risk reduction of 17.23% with acoramidis versus 
placebo, the NNT to prevent ACM/first outpatient worsening HF over 
30 months of treatment was six.

The furosemide-equivalent dose increase from baseline to month 30 
was lower among participants treated with acoramidis compared with 
those who received placebo. The mean (standard deviation) dose in
creased from 64.37 (62.64) mg at baseline to 82.88 (94.94) mg at month 
30 in the acoramidis group and from 71.83 (64.79) mg at baseline to 
98.71 (83.06) mg at month 30 in the placebo group. The median (min
imum, maximum) dose was 40.00 (10, 400) mg at baseline and 40.00 
(10, 600) mg at month 30 in the acoramidis group, and increased 
from 50.00 (10, 400) mg at baseline to 80.00 (20, 500) mg at 
month 30 in the placebo group (Supplementary Table S2).

In participants who experienced outpatient worsening HF, the total 
daily furosemide-equivalent dose at the time of the first outpatient 

Figure 1 Associations between first outpatient worsening HF and clinical endpoints. Analysis carried out in the mITT population. HRs for the as
sociation between first outpatient worsening HF and endpoints were analysed using a Cox regression model with baseline 6MWD as a covariate, 
and stratified by randomized treatment and randomization stratification factors, including genotype (wild-type vs variant ATTR-CM), NT-proBNP con
centration (≤3000 vs >3000 ng/L), and eGFR level (≥45 vs <45 ml/min/1.73 m2), which were based on information from the interactive voice/web 
response system at screening. An HR of >1.00 indicates greater risk with outpatient worsening HF. aAndersen–Gill extension of the Cox regression 
with robust sandwich estimate for the covariance matrix for recurrent CVH. 6MWD, 6-minute walking distance; ACM, all-cause mortality; ATTR-CM, 
transthyretin amyloid cardiomyopathy; CI, confidence interval; CVH, cardiovascular hospitalization; CVM, cardiovascular mortality; eGFR, estimated 
glomerular filtration rate; HR, hazard ratio; mITT, modified intention-to-treat; NT-proBNP, N-terminal pro–B-type natriuretic peptide

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 1 Effect of acoramidis versus placebo on 
outpatient worsening HF

n (%) Acoramidis  
(n = 409)

Placebo  
(n = 202)

HR (95% CI);  
P value

Outpatient worsening 

HF events
Participants with  

≥1 event

167 (40.8) 120 (59.4) 0.59 (0.46–0.75); 

<0.0001

Frequency of outpatient 
worsening HF events

Participants with 1 event 80 (19.6) 53 (26.2)

Participants with 2 events 32 (7.8) 28 (13.9)
Participants with 3 events 18 (4.4) 11 (5.4)

Participants with  

≥4 events

37 (9.0) 28 (13.9)

CI, confidence interval; HF, heart failure; HR, hazard ratio
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worsening HF was lower in participants treated with acoramidis than 
those who received placebo (Supplementary Table S3). A greater pro
portion of participants in the placebo group required total daily 
furosemide-equivalent doses of >120 mg compared with those in the 
acoramidis group over time (Supplementary Figure S2). The most com
monly prescribed loop diuretic was furosemide, followed by bumeta
nide and torsemide (Supplementary Table S4).

Effect of acoramidis on clinical outcomes 
adjusted for outpatient worsening heart 
failure
Compared with placebo, acoramidis reduced the risk of ACM/recur
rent CVH (HR 0.59, 95% CI 0.45–0.77; P = .0001) and first CVH (HR 
0.63, 95% CI 0.45–0.88; P = .0072) after adjusting for first outpatient 
worsening HF as a time-dependent covariate over 30 months. There 
was a trend towards a lower risk of ACM (HR 0.82, 95% CI 0.57– 
1.17; P = .2697) and CVM (HR 0.75, 95% CI 0.50–1.12; P = .1546) 
with acoramidis versus placebo; however, the difference was not stat
istically significant.

Safety profile in the context of outpatient 
worsening heart failure
In the analysis of treatment-emergent adverse events in the context of 
outpatient worsening HF, the safety profile of acoramidis was generally 
favourable compared with placebo (Supplementary Table S5).

Discussion
In this analysis of ATTRibute-CM, outpatient worsening HF was common 
and associated with increased risks of clinical outcomes, despite only mo
dest baseline differences between those with and without outpatient wor
sening HF. Acoramidis was associated with a reduced risk of outpatient 
worsening HF, with the Kaplan–Meier curves for first outpatient worsening 
HF separating early. Nominal statistical significance was first reached at day 
30 and sustained nominal statistical significance was achieved at day 134 
through month 30; in addition, acoramidis was associated with smaller in
creases in loop-diuretic requirements versus placebo. Importantly, the ef
fects of acoramidis on ACM/recurrent CVH and first CVH persisted 
even after adjusting for outpatient worsening HF as a time-dependent cov
ariate, and the safety profile of acoramidis remained favourable. These find
ings support outpatient worsening HF as a potential marker of disease 
progression and highlight the early and sustained clinical effects of 
acoramidis.

Outpatient worsening HF, typically defined by initiation or intensifi
cation of oral loop diuretics, is well established as a marker of adverse 
prognosis in HF populations and has been validated as an independent 
predictor of mortality in ATTR-CM.4,8–12 In this analysis, outpatient 
worsening HF was consistently linked to increased risk across all major 
clinical endpoints, including ACM/recurrent CVH, first CVH, ACM, and 
CVM. The association with these endpoints persisted after adjusting for 
baseline 6-minute walk distance, which supports the concept that out
patient diuretic escalation reflects true clinical worsening and carries 
prognostic information beyond traditional assessments.

In the present analysis, acoramidis was associated with a lower inci
dence and risk reduction of outpatient worsening HF. This builds upon 
the previously reported effects of acoramidis on downstream events in 

Figure 2 Kaplan–Meier curve for the time to first outpatient worsening HF through month 30. Analysis carried out in the modified intention-to-treat 
population. At-risk participant counts were calculated at the start of the timepoint. aCensored indicates instances where outpatient worsening HF was 
not experienced before the end of the observation period. CI, confidence interval; HF, heart failure; HR, hazard ratio
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the HF trajectory, including recurrent CVH and ACM/first CVH.3,21 In 
addition, we found that the Kaplan–Meier curves for time to first out
patient worsening HF separated early, with nominal statistical signifi
cance reached at day 30 and sustained nominal statistical significance 
achieved at day 134 through month 30. These results extend the pre
viously reported early effect of acoramidis on the cumulative incidence 
of CVM/recurrent CVH observed at month 1.3

A reduction in outpatient worsening HF has been observed in other 
phase 3 ATTR-CM clinical trials, but not until later timepoints.7,23 In 
HELIOS-B (NCT04153149), vutrisiran reduced the risk of first outpatient 
worsening HF by 27% (HR 0.73, 95% CI 0.59–0.91) and recurrent events by 
34% compared with placebo (relative rate ratio 0.66, 95% CI 0.56–0.78) 
during the double-blind period of up to 36 months.23 In APOLLO-B 
(NCT03997383), the risk of outpatient worsening HF was reduced by 
23% with patisiran versus placebo (HR 0.77, 95% CI 0.54–1.1) during the 
double-blind period of 12 months.24 These findings provide additional con
text for the evaluation of outpatient worsening HF as a clinically relevant 
endpoint in ATTR-CM trials. Differences in study design, patient popula
tions, and endpoint definitions should be considered when interpreting re
sults across studies. The mechanism underlying the observed early effect of 
acoramidis is not fully defined; however, outpatient worsening HF may re
flect subtle haemodynamic changes that precede overt decompensa
tion.12,25,26 In addition, the reduced need for loop-diuretic escalation 
among participants treated with acoramidis is consistent with mitigation 
of early HF instability. Participants who received acoramidis also progressed 
more slowly to higher diuretic doses, which suggests an attenuation in the 
trajectory of congestion-related deterioration. While there was a small 

difference in the median oral furosemide-equivalent dose at baseline be
tween acoramidis and placebo groups (10 mg), this is unlikely to be clinically 
meaningful and have impacted outpatient worsening HF.

Of note, the effects of acoramidis on ACM/recurrent CVH and first 
CVH remained evident after adjusting for outpatient worsening HF as a 
time-dependent covariate, which indicates that the treatment effect on 
clinical outcomes is not solely mediated through prevention of out
patient decompensation. This suggests broader consequences of near- 
complete TTR stabilization on disease progression. The consistent sep
aration of event-free survival curves for ACM/first outpatient worsen
ing HF additionally suggests that this composite may have potential 
utility as an endpoint in future studies, as it may capture earlier manifes
tations of worsening HF that precede major clinical events.

Together, these findings support published data on the prognostic im
portance of outpatient worsening HF in ATTR-CM,4,8,9 and indicate that 
acoramidis favourably influences both early and downstream compo
nents of the HF trajectory. Further work is warranted to elucidate the 
mechanistic basis of the very early divergence observed and to explore 
how outpatient worsening HF might complement traditional endpoints 
to provide a more comprehensive assessment of treatment effects.

These findings have implications for clinical trial design in ATTR-CM. 
Outpatient worsening HF represents an early, actionable clinical event 
that typically occurs upstream of HF hospitalizations and mortality.25 As 
such, capturing this event may offer a more complete representation of 
the HF spectrum, from initial decompensation that requires diuretic in
tensification to recurrent CVH and terminal events. Incorporation of 
outpatient worsening HF into composite endpoints alongside CVH 

Figure 3 Kaplan–Meier curve for time to event-free survival of ACM/first outpatient worsening HF. Analysis carried out in the modified 
intention-to-treat population. At-risk participant counts were calculated at the start of the timepoint. aCensored indicates instances where ACM/first 
outpatient worsening HF did not occur before the end of the observation period. ACM, all-cause mortality; CI, confidence interval; HF, heart failure; 
HR, hazard ratio

6                                                                                                                                                                                                   Fontana et al.
D

ow
nloaded from

 https://academ
ic.oup.com

/eurjhf/advance-article/doi/10.1093/ejhf/xuag177/8698357 by D
ipartim

ento di Sanità pubblica-U
niversità di Firenze user on 16 June 2026



and mortality may enhance sensitivity to early therapeutic effects, facili
tate shorter and more pragmatic trial designs, and better reflect the 
day-to-day disease burden experienced by patients.

Limitations
Study limitations should be considered when interpreting these data. 
These include the competing risk of mortality and survival bias as par
ticipants who died early were not at risk of experiencing subsequent 
events, whereas participants who survived throughout the duration 
of ATTRibute-CM were more likely to accrue events. Therefore, the 
true effect of acoramidis on outpatient worsening HF and HF-related 
events may be underestimated due to survival bias. In addition, a higher 
proportion of patients in the placebo group (22.8%) received tafamidis 
from month 12 compared with those in the acoramidis group 
(14.9%),20 which may have attenuated the observed treatment benefit 
with acoramidis.

Conclusions
In this post-hoc analysis of ATTRibute-CM, outpatient worsening HF 
was associated with an increased risk of ACM/recurrent CVH, first 
CVH, ACM, and CVM in participants with ATTR-CM. With acoramidis 
versus placebo, a reduced risk of outpatient worsening HF was ob
served, with effects emerging early and persisting through follow-up. 
After adjusting for time-dependent outpatient worsening HF, acorami
dis reduced the risk of ACM/recurrent CVH and first CVH versus pla
cebo. These results highlight the potential benefit of prompt treatment 
initiation following a diagnosis of ATTR-CM. Given the exploratory and 
post-hoc nature of these analyses, these findings warrant confirmation 
in further studies.
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