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Background Transthyretin cardiac amyloidosis (ATTR-CA)
typically manifests with heart failure. Discontinuing beta-
blockers and avoiding angiotensin-converting enzyme
inhibitors/angiotensin receptor blockers (ACEi/ARB) in
patients with ATTR-CA has been recommended.

Methods We investigated the prescription of
neurohormonal therapies and their relationship with all-
cause mortality in a multicenter cohort.

Results Patients (n=926) had a median age of 79years
(interquartile range 74-83), 90% were men, 17% had a left
ventricular ejection fraction (LVEF) 40% or less, and 27%
were in New York Heart Association (NYHA) class IlI/IV. At
diagnosis, 60% of patients were on beta-blockers, 58% on
ACEi/ARB/ARNI, and 35% on MRA. Patients on beta-
blockers had more often NYHA class llI/IV, a greater burden
of comorbidities, and lower LVEF, and those on ACEi/ARB/
ARNI had more comorbidities. Nonetheless, the survival of
patients on beta-blockers or ACEi/ARB/ARNI was not
significantly shorter over a 2.5-year follow-up (1.6-3.8)
(P=0.577 and P=0.977, respectively), and patients on both
drugs did not have a worse outcome than those not
receiving any neurohormonal drug (P=0.575). During the
entire follow-up, the number of neurohormonal drugs
remained unchanged in 54%, decreased in 27%, and
increased in 19%. Patients with a number of
neurohormonal drugs either unchanged or increased had a
lower risk of mortality (odds ratio 0.71, 95% confidence
interval 0.53-0.95, P=0.023).
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Conclusion ATTRwt-CA patients on beta-blockers or
ACEIi/ARB/ARNI at diagnosis did not have a shorter
survival. Beta-blockers were discontinued less often than
were ACEI/ARB/ARNI. There was no sign of better
outcomes in patients discontinuing these therapies, or
worse outcomes in those starting them.
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Background

Cardiac amyloidosis is a disorder caused by the accumu-
lation of amyloid fibers leading to organ dysfunction. In
95% of cases of cardiac amyloidosis, the amyloid fibrils
consist of either immunoglobulin light chains (AL amyloid-
osis) or transthyretin (ATTR amyloidosis), the latter being a
transport protein for thyroid hormones and retinol-binding
globulin." Genetic mutations reducing transthyretin stability
cause the hereditary or variant (v) form of ATTR amyloid-
osis. This condition may be characterized by an exclusive
involvement of the heart, peripheral/autonomic nervous
system, or mixed, and can manifest as early as the fifth
decade." The nonmutated (wild-type, wt) form typically
affects elderly male individuals." The accumulation of
amyloid fibers causes thickening of the cardiac walls
(pseudo-hypertrophy), with an increased risk of heart fail-
ure. Heart failure primarily requires therapy with loop
diuretics, which is effective in controlling symptoms and
usually well tolerated. Mineralocorticoid receptor antago-
nists (MRA) are generally well tolerated and have been
recommended. Additionally, MRA counteract the elevation
in aldosterone levels found in patients with cardiac amy-
loidosis? and have an antifibrotic activity that might prove
useful given the significant amount of cardiac fibrosis
observed in patients with cardiac amyloidosis.® A possible
theoretical framework for beta-blockade and antagonism of
the renin—angiotensin axis is provided by the evidence of
an intense neurohormonal activation in cardiac amyloid-
osis,? which may promote cardiac damage over the long
term. Some evidence on the prognostic benefit is available
only for beta-blockers in ATTR-cardiac amyloidosis
(ATTR-CA), with retrospective studies finding either no
survival benefit* or a reduced risk of mortality.®> For angio-
tensin-converting enzyme inhibitors/angiotensin receptor
blockers (ACEi/ARB), both studies did not find any evi-
dence of improved survival.*®

In 2021, a position statement by the European Society of
Cardiology (ESC) recommended to discontinue beta-block-
ers and preferably avoid ACEi or ARB.® This document did
not refer specifically to ATTRwt-CA, and advocated for
studies assessing the efficacy of heart failure drugs, and
identifying patients who may benefit from them.® In this
analysis of a multicenter cohort from ltaly, we analyzed
the patterns of prescription of neurohormonal drugs at
baseline and during the follow-up and their relationships
with outcome. We focused mostly on beta-blockers and
ACEI/ARB or angiotensin receptor neprilysin inhibitors
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(ARNI) because of the recommendations for discontinuing
or preferably avoiding them, while the same recommenda-
tion was not provided for MRAs.®

Methods

Patient population and baseline characteristics

The ‘Dlagnostic pathways to transthyretin AMyloid cardio-
myOpathy: a multicenter Network stuDy’ (DIAMOND) was
a retrospective study of patients diagnosed with ATTRwt-
CA in 17 ltalian referral centers for cardiac amyloidosis.”
Inclusion criteria were: a definite diagnosis of ATTRwt-CA
according to the Gillmore algorithm,® a diagnostic workup
for cardiac amyloidosis started between January 2016 and
December 2021, age at least 18 years at first evaluation,
and written informed consent for the collection and treat-
ment of anonymized clinical data for research purposes.
The original publication provides the list of variables col-
lected.” Data were collected and managed using the Re-
search Electronic Data Capture (REDCap) tool. The
Institutional Review Board of the Genova University Hos-
pital approved the study protocol.

Follow-up data

Neurohormonal therapies were managed at the discretion of
clinicians from each center. A position statement of the ESC
was published in April 2021 6 Before that, only review articles
recommending a cautious use of the same drugs were
available.>™ The follow-up period started at the time of
diagnosis, and patients were censored at the time of all-cause
death or last patient contact. The prescription of beta-block-
ers, ACEi/ARB/ARNI and MRA was evaluated at diagnosis,
and the last visit before follow-up end. Follow-up information
was collected between March and September 2023.

Statistical analysis

Statistical analysis was performed using IBM SPSS Statis-
tics (version 24). Normal distribution was assessed using
the Shapiro—Wilk test. Continuous variables with normal
distribution were expressed as mean and standard devia-
tion, and those with nonnormal distribution as median and
interquartile range. Categorical variables were reported as
absolute values and percentages. Comparisons between
groups were performed through the ANOVA test with the
Tukey correction for multiple testing or the chi-square test,
as appropriate. Predictors of mortality were searched
among baseline characteristics through univariable Cox
regression analysis, and predictors of drug discontinuation
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through univariable logistic regression analysis. The rela-
tionship between baseline therapies and outcome was
investigated through univariable Cox regression analysis.
Given the finding of an association between MRA therapy
and worse survival, the prognostic value of MRA therapy
was investigated through multivariable Cox regression anal-
ysis, including all baseline variables in the model while
avoiding multicollinearity (defined as a variance inflation
factor of >5). Survival analysis was also performed through
Kaplan—Meier analysis and the log-rank test. An exploratory
analysis of the relationship between treatment changes and
mortality was conducted through univariable logistic regres-
sion analysis. We proceeded to multivariable analysis, in-
cluding all baseline variables in the model while avoiding
multicollinearity, only for ACEiI/ARB/ARNI discontinuation,
which emerged as a univariable predictor of outcome. Two-
tailed Pvalues of less than 0.05 were considered significant.

Results

Baseline characteristics

Patient characteristics in the original cohort were described
in a dedicated publication.” For the purposes of this analysis,
only patients with complete data about therapies at the time
of diagnosis and at follow-up end were considered (n=926
out of 1280, 72%). Median age was 79 years (interquartile
range 74—83), 90% of the patients were men, and 27% had
New York Heart Association (NYHA) class Il or IV symp-
toms. N-terminal pro-B-type natriuretic peptide (NT-
proBNP) was 2908 ng/l (1439-4902), and 17% had left
ventricular ejection fraction (LVEF) of 40% or less (Table 1).

Compared with patients with incomplete data about neu-
rohormonal drugs at the time of diagnosis and at last
evaluation (n= 354, 28%), our cohort had less often NYHA
class Il or IV symptoms, fewer comorbidities, lower NT-
proBNP and higher LVEF values (Supplemental Table 1,
http://links.lww.com/JCM/A760). Accordingly, patients in
our cohort had a better survival than patients with incom-
plete data (log-rank 19.3, P < 0.001).

Neurohormonal therapies at diagnosis

At the time of diagnosis of ATTRwt-CA, 60% of patients
were on beta-blockers (n=557), 58% on ACEiI/ARB/ARNI
(n=538), and 35% on MRA (n=326). The specific drugs
are reported in Supplemental Table 2, http://links.lww.com/
JCM/A760. Three-quarters of patients (n=706, 76%) were
on diuretics, most often on loop diuretics (n=643, 69%).

We first considered patients receiving each drug class.
Patients on beta-blockers or MRA had more often NYHA
class lll or [V symptoms, a greater burden of comorbidities,
a higher National Amyloidosis Centre (NAC) score, lower
LVEF and higher NT-proBNP, and were more often on loop
diuretics (Table 2). Conversely, patients on ACEi/ARB/

Table 1 Patient characteristics

Patients (n=926)

Age (years) 79 (74-83)
Male sex [n (%)] 834 (90)
NYHA HI-1V [n (%)] 247 (27)
History of HF [n (%)] 456 (49)
History of hypertension [n (%)] 670 (72)
History of diabetes [n (%)] 154 (17)
History of CAD [n (%)] 172 (19)
History of atrial fibrillation [n (%)] 582 (63)
COPD [n (%)] 111 (12)
CKD [n (%)] 394 (43)
eGFR (ml/min/1.73 m?) 7 (45-72)

NT-proBNP (ng/l)

NAC score 1/2/3 [n (%)]

LVEF (%)

LVEF <40% [n (%)] 153

Maximal wall thickness (mm)

Diuretic therapy [n (%)] 706

Loop diuretic [n (%)] 665
142

2908 (1439-4902)

278/246/1 10 (44/39/17)
3 (45-60)

(17)
8 (16—20)
(76)
(72)
0 (25-75)
(15)
7 (5)
Percentages were calculated out of patients with available data. CAD,
coronary artery disease; CKD, chronic kidney disease; COPD, chronic
obstructive pulmonary artery disease; eGFR, estimated glomerular
filtration rate; HF, heart failure; ICD, implantable cardioverter defibril-
lator; LVEF, left ventricular ejection fraction; NAC, National Amyloid-
osis Centre; NT-proBNP, N-terminal pro-B-type natriuretic peptide;
NYHA, New York Heart Association; PM, pacemaker.

Daily furosemide equivalent dose (mg)
PM [n (%)]
ICD [n (%)]

ARNI did not display any significant difference from the
other patients except for having more often a history of
hypertension and diabetes (Table 2).

We then evaluated patients receiving different combination
therapies (Supplemental Table 3, http://links.lww.com/JCM/
A760). Fourteen percent of patients (n=129) were on beta-
blockers, ACEi/ARB/ARNI and MRA. One quarter of
patients (n=219, 24%) were on beta-blockers and ACEi/
ARB/ARNI. Conversely, 13% of patients (n=122) were
taking none of these drugs. Patients on triple therapy (be-
ta-blockers, ACEi/ARB/ARNI and MRA) had a much higher
prevalence of severe systolic dysfunction, were more often
in NYHA class Il or IV, and were much more often on loop
diuretics than patients who were not on neurohormonal
drugs (all P<0.001) (Table 3). Patients on beta-blockers
and ACEIi/ARB/ARNI had a greater burden of comorbidities,
were more oftenin NYHA class lll or IV, and were more often
on loop diuretics than patients who were not on neurohor-
monal drugs (Table 3).

Patient outcomes, tafamidis and diuretic therapy

Patients were followed in dedicated outpatient clinics. The
median follow-up duration was 2.5years (interquartile
range 1.6—3.8), with 355 deaths (38%). Among baseline
characteristics, univariable predictors of all-cause mortality
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Table 3 Baseline characteristics of patients on full or partial neurohormonal antagonism versus those not on

neurohormonal drugs

Triple therapy
(beta-blocker +

Dual therapy
(beta-blocker +

ACEi/ARB/ARNI+MRA) ACEi/ARB/ARNI) No drug
(n=129) (n=219) (n=122) P2 P
Age (years) 80 (64—83) 79 (74-83) 79 (73-82) 0.943 0.999
Male sex [n (%)] 113 (88) 194 (89) 113 (93) 0.184 0.233
NYHA HI=IV [n (%)] 48 (37) 53 (24) 18 (15) <0.001 0.039
History of HF [n (%)] 84 (65) 92 (42) 50 (41) <0.001 0.578
History of hypertension [n (%)] 103 (80) 183 (84) 61 (50) <0.001 <0.001
History of diabetes [n (%)] 35 (27) 41 (19) 14 (12) 0.002 0.081
History of CAD [n (%)] 31 (24) 48 (22) 14 (12) 0.010 0.017
History of atrial fibrillation [n (%)] 87 (67) 143 (65) 50 (41) <0.001 <0.001
COPD [n (%)] 17 (13) 23 (11) 9 (7) 0.132 0.343
CKD [n (%)] 63 (49) 85 (39) 43 (35) 0.029 0.514
eGFR (ml/min/1.73 m?) 53 (43-70) 60 (46—-74) 60 (46-77) 0.072 0.950
NT-proBNP (ng/l) 3990 (2257-5809) 2917 (1793-4778) 1670 (556—-3317) 0.002 0.047
NAC score 1/2/3 [n (%)] 29/42/21 (32/46/23) 67/68/24 (42/43/15)  47/15/9 (66/21/13)  <0.001 0.854
LVEF (%) 50 (40-56) 55 (47-60) 54 (47-62) <0.001 0.862
LVEF <40% [n (%)] 37 (29) 22 (10) 14 (12) <0.001 0.733
Maximal wall thickness (mm) 17 (15-20) 18 (16—-20) 18 (15-19) 0.921 0.363
Diuretic therapy [n (%)] 122 (95) 154 (70) 59 (48) <0.001 <0.001
Loop diuretic [n (%)] 121 (94) 134 (61) 57 (47) <0.001 0.007
Daily loop diuretic equivalent dose (mg) 50 (25-75) 25 (25-50) 50 (25-75) 0.398 0.056
PM [n (%)] 15 (12) 33 (15) 17 (14) 0.584 0.777
ICD [n (%)] 13 (10) 7 (3) 3 (3) 0.014 0.699

CAD, coronary artery disease; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary artery disease; eGFR, estimated glomerular
filtration rate; HF, heart failure; ICD, implantable cardioverter defibrillator; LVEF, left ventricular ejection fraction; NAC, National Amyloidosis
Centre; NT-proBNP, N-terminal pro-B-type natriuretic peptide; NYHA, New York Heart Association; PM, pacemaker. ®Beta-blocker, ACEiI/ARB/

ARNI, MRA vs. no drug. PBeta-blocker and ACEi/ARB/ARNI.

included age, NYHA class IlI-1V, history of diabetes, atrial
fibrillation or chronic kidney disease, NT-proBNP, NAC
score and LVEF of 40% or less (Supplemental Table 4,
http://links.lww.com/JCM/A760). The cause of death was
adjudicated as cardiovascular in 165 patients (46%) and
noncardiovascularin 36 (10%), while it was not adjudicated
in 154 (43%).

During the same follow-up period, 239 patients (26%)
started tafamidis treatment. In the same period, 142
(15%) started a diuretic and 380 (41%) increased the
diuretic dose, while only 31 (3%) stopped a diuretic and
60 (6%) reduced the diuretic dose.

Neurohormonal therapies at diaghosis and patient
outcomes

We investigated the outcomes of patients receiving single
drug classes or drug combinations. Despite several indi-
cators of a more advanced disease status (Table 2),
patients on beta-blockers had no shorter survival than
those not on beta-blockers, and patients on ACEi/ARB/
ARNI did not have a different survival than those not taking
these drugs. This was demonstrated through univariable
Cox regression analysis (P=0.577 and P=0.977) and
confirmed through Kaplan—Meyer analysis, both in the
whole cohort (Fig. 1) and in several patient subgroups,

namely: NYHA class |-l (beta-blockers, P=0.318; ACEi/
ARB/ARNI, P=0.645) or lll-1V (P=0.081 and P=0.644,
respectively), LVEF 40% or less (P=0.442 and P=0.586,
respectively) or greater than 40% (P=0.485 and P=0.988,
respectively), tafamidis started during follow-up (P=0.737
and P=0.230, respectively) or never prescribed (P=0.943
and P=0.730, respectively), and diuretics started/upti-
trated (P=0.535 and P=0.241, respectively) or stopped/
reduced (P=0.892 and P=0.056, respectively).

Contrary to patients on beta-blockers and ACEi/ARB/
ARNI, patients on MRA at diagnosis had a shorter survival
than the other patients (Fig. 1). Nonetheless, MRA therapy
did not independently predict outcomes after accounting
for baseline characteristics (Supplemental Table 5, http:/
links.lww.com/JCM/A760).

Patients receiving both beta-blockers and ACEi/ARB/ARNI
at diagnosis had a similar survival to those not receiving
any neurohormonal drug (P=0.575). Conversely, patients
on beta-blockers, ACEi/ARB/ARNI and MRA had a shorter
survival driven by the worse outcome for patients on MRA
(log-rank 15.0, P< 0.001).

Treatment changes during follow-up: beta-blockers
Beta-blockers were discontinued in 160 patients (17%) and
started in 87 patients (9%) during follow-up (Fig. 2).
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Reasons for discontinuation included symptomatic brady-
cardia in 34 (21%), symptomatic hypotension in 32 (20%)
and ‘new or worsening atrioventricular block’ in 21 (13%).
The other reasons reported for discontinuation were ‘ad-
vanced diastolic dysfunction’ in 13 (8%) and right heart
failure in 14 (9%); the reason was not specified in 46 cases
(29%). Few predictors of beta-blocker discontinuation
emerged, and no predictors of discontinuation because
of compelling reasons (symptomatic bradycardia or hypo-
tension, new or worsening atrioventricular block; Supple-
mental Table 6, http:/links.lww.com/JCM/A760).

Bisoprolol was the most commonly prescribed drug at first
and last evaluation (68 and 74%, respectively; Supplemen-
tal Table 2, http://links.lww.com/JCM/A760). When report-
ing the doses of other beta-blockers as the corresponding
bisoprolol doses (Supplemental Table 7, http:/links.lww.
com/JCM/A760), the ‘bisoprolol equivalent doses’ were
2.5mg (2.5-5) at diagnosis and 2.5mg (1.3-5) at fol-
low-up end. Beta-blockers were stopped or downtitrated
in 267 (50%), and started, unchanged or uptitrated in 276
(50%).

At logistic regression analysis, beta-blocker discontinua-
tion (P=0.405), discontinuation or downtitration
(P=0.562), start (P=0.216), or start, continuation or upti-
tration (P=0.272) were not univariable predictors of all-
cause mortality (P values of 0.405, 0.562, 0.216 and 0.272,
respectively).

Treatment changes during follow-up: angiotensin-

converting enzyme inhibitors/angiotensin receptor

blockers/angiotensin receptor neprilysin inhibitors

ACEI/ARB/ARNI were stopped in 222 cases (24%) and
started in 42 patients (5%) during follow-up (Graphical
Abstract). Reasons for discontinuation included symptom-
atic hypotension (n=135, 61%), worsening renal function
(n=37, 17%), or other, unspecified reasons (n=50, 23%).
History of heart failure, diabetes, chronic kidney disease
(CKD) and maximal LV wall thickness predicted drug
discontinuation (Supplemental Table 8, http:/links.lww.
com/JCM/A760). ACEiI/ARB/ARNI discontinuation was as-
sociated with a higher risk of all-cause mortality [odds ratio
(OR) 1.41, 95% confidence interval (Cl) 1.04-1.91,
P=0.028], although this association was not confirmed
when adjusting for baseline characteristics (using the
same model as in Supplemental Table 5, http:/links.
Iww.com/JCM/A760; P=0.788). Conversely, ACEi/ARB/
ARNI start did not predict all-cause mortality (P=0.721).

Ramipril was the drug most often prescribed at diagnosis
and last follow-up (45 and 41%, respectively), with a large
number of other drugs that did not allow the establishment

of reliable drug equivalent doses (Supplemental Table 2,
http://links.lww.com/JCM/A760).

Treatment changes during follow-up:
mineralocorticoid receptor antagonists

Details about the MRA prescribed are provided in Supple-
mental Table 2, http://links.lww.com/JCM/A760. MRA were
started in 216 cases (23%) and stopped in 60 (7%)
(Graphical Abstract). Neither the start (P=0.191) nor the
discontinuation of MRA (P =0.057) was associated with all-
cause mortality. When expressing eplerenone doses as
equivalent canrenone doses, MRA uptitration (P=0.806),
start or uptitration (P=0.132), reduction (P=0.957), or
reduction or discontinuation (P=0.787) displayed no as-
sociation with mortality.

Treatment changes and mortality

Details about changes in the single drug classes are
provided in Supplemental Table 9, http:/links.lww.com/
JCM/A760. The number of neurohormonal drugs remained
unchanged in 500 patients (54%), decreased in 248 (27%)
and increased in 178 (19%). A number of neurohormonal
drugs either unchanged or increased were associated with
a lower risk of mortality (OR 0.71, 95% CI 0.53-0.95,
P=0.023). Patients starting the beta-blocker plus ACEi/
ARB/ARNI combination (n=24) had an even lower risk of
death than the remaining patients (OR 0.22, 95% CI 0.07—
0.75, P=0.016).

Discussion

In a multicenter nationwide cohort of patients with ATTRwt-
CA, those receiving beta-blockers or ACEi/ARB/ARNI at
the time of diagnosis did not have a higher mortality than
those not receiving neurohormonal drugs. Beta-blockers
were also discontinued less often than ACEiI/ARB/ARNI.
The discontinuation of beta-blockers or ACEi/ARB/ARNI,
currently recommended by an ESC position statement,®
was not associated with improved outcomes. On the con-
trary, an unchanged or even potentiated neurohormonal
heart failure treatment was associated with better survival
(Graphical Abstract).

Caution regarding neurohormonal antagonists in cardiac
amyloidosis arises from concerns about hypotension and
conduction disease, and the reliance on heart rate to
preserve cardiac output in restrictive physiology, whereby
beta-blockers or ACEi/ARB/ARNI could exacerbate hemo-
dynamic instability."" Nonetheless, contemporary practice
demonstrates meaningful use: approximately 30% of
patients in ATTR-ACT were on beta-blockers at baseline'?
and 33% in a multicenter study."® Moreover, in a cohort of
99 consecutive cardiac amyloidosis patients (67%
ATTRwt-CA), most tolerated neurohormonal therapy (e.
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g. 87% received beta-blockers) when initiated at low doses
with slow up-titration and close monitoring."

Dosing patterns in our study reflect this pragmatic ap-
proach. Although neurohormonal agents were generally
prescribed at below the heart failure with reduced ejection
fraction (HFrEF) guideline target doses,'® their use and
cautious up-titration were more liberal than recommended
by the European consensus for ATTR-CA, which often
advocates discontinuation or avoidance.® Clinicians
appeared to titrate toward the highest individually tolerated
dose while balancing hypotension, conduction disease
and frailty, even though our retrospective design cannot
confirm that the maximum tolerated doses were systemat-
ically achieved. These observations caution against direct-
ly transposing a ‘treat-to-target’ HFrEF strategy to ATTRwt-
CA, where pathophysiology and tolerability differ and ag-
gressive up-titration may be unsafe. Within these toler-
ance-limited ranges, baseline beta-blocker or ACEiI/ARB/
ARNI use was not associated with excess mortality. Initia-
tion or up-titration of beta-blockers was not linked to higher
rates of hypotension, fatigue, syncope, symptomatic bra-
dycardia, pacemaker implantation or heart failure hospital-
ization versus no beta-blocker use.' Nevertheless, beta-
blocker discontinuation remained common (19% in a prior
cohort'® and 17% in this cohort), frequently due to symp-
tomatic bradycardia (21%), hypotension (20%) and atrio-
ventricular conduction disturbances (13%).

Beyond tolerability, there is a pathophysiological rationale
for neurohormonal antagonism in ATTRwt-CA. Activation
of the sympathetic and renin—angiotensin—aldosterone
systems has been reported in this population.? Chronic
adrenergic stimulation and angiotensin-ll/aldosterone sig-
naling promote hypertrophy and fibrosis and shorten dias-
tole, potentially worsening filling and myocardial perfusion.
MRAs possess antifibrotic properties that could be partic-
ularly relevant given the myocardial fibrosis observed in
CA.2 Whether benefits demonstrated primarily in HFrEF
translate to ATTRwt-CA remains uncertain and demands
randomized evaluation. Observational data are mixed: a
study of 309 patients (66% ATTRwt-CA) found no adjusted
survival benefit of baseline beta-blocker, ACE/ARB or
MRA therapy and reported lower mortality with beta-block-
er discontinuation during follow-up (no LVEF stratifica-
tion),* whereas the UK NAC analysis (n=2371; 78%
ATTRwt-CA) associated MRAs with lower mortality overall
and in LVEF of greater than 40% and beta-blockers with
lower mortality in LVEF of 40% or less.®

In our cohort, neurohormonal therapy was common at
diagnosis (60% on beta-blockers, 58% on ACEi/ARB/ARNI
and 35% on MRAs) with doses generally below the guideline
targets.'® During follow-up, ACEiI/ARB/ARNI were discon-
tinued more often than were beta-blockers, plausibly
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reflecting symptomatic hypotension or renal effects. Across
prespecified subgroups, including LVEF of 40% or less,
baseline beta-blocker or ACEI/ARB/ARNI use was not as-
sociated with shorter survival. Patients on MRA were sicker
at baseline but MRA therapy was notindependently harmful
afteradjustment, consistently with confounding by indication
and external reports of potential benefit.> Over time,
changes in beta-blocker therapy (discontinuation/downtitra-
tion or initiation/uptitration) were not associated with all-
cause mortality; discontinuation of ACEi/ARB/ARNI was
associated with increased mortality; and MRA initiation,
discontinuation, or dose changes were not linked to mortali-
ty. Notably, maintaining or increasing the total number of
neurohormonal agents correlated with better survival. While
worse outcomes among patients stopping therapy may
partly reflect intolerance in frailer individuals with more
advanced disease, our findings do not suggest a harmful
association between neurohormonal therapy and mortality.
Accordingly, neurohormonal agents, including MRA, should
not be considered a priori contraindicated in ATTRwt-CA,
even as definitive efficacy remains to be established.

Patients excluded from the original cohort because therapy
data were missing had more advanced disease and worse
survival than those analyzed, indicating a nonrandom loss
of sicker individuals. This selective availability likely intro-
duced survivorship bias: the analytic cohort over-repre-
sents patients who survived long enough and were stable
enough to have therapy recorded. Such bias can dilute
between-group differences and obscure intolerance-relat-
ed signals, potentially underestimating adverse associa-
tions of discontinuation or high-dose therapy and limiting
generalizability to frailer patients. The observed associa-
tion between maintenance/intensification of neurohormon-
al therapy and better survival may, therefore, partly reflect
treatment selection in those who could tolerate therapy.
Accordingly, our findings should be interpreted as associa-
tions in a relatively healthier, better documented subset
and should not be taken to imply safety or efficacy in
patients with more advanced disease or pronounced au-
tonomic dysfunction.

During follow-up, 26% initiated tafamidis and 41% under-
went diuretic intensification. Both interventions are closely
linked to prognosis and to clinical decisions about maintain-
ing or discontinuing neurohormonal drugs. Because they
were not modeled as time-varying covariates, our estimates
are vulnerable to confounding by indication and immortal-
time bias, potentially exaggerating the apparent benefit of
maintenance/intensification or the harm of discontinuation.
For example, diuretic up-titration often accompanies hypo-
tension or renal dysfunction that simultaneously prompts
ACEI/ARB/ARNI withdrawal, while tafamidis initiation may
cluster in patients selected for anticipated benefit or,
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conversely, in those with more active disease; either pattern
can distort observed associations. Future analyses should
treat tafamidis initiation and diuretic changes as time-de-
pendent variables and consider causal designs to better
separate drug-related effects from signals of disease pro-
gression and co-management.

Several other limitations need to be acknowledged. First, the
retrospective, nonrandomized design precludes causal in-
ference on treatment efficacy and is susceptible to con-
founding by indication and selection/survivorship bias. In
particular, patients excluded because of missing therapy
data had more advanced disease and poorer survival than
those analyzed, indicating systematic differences between
the groups; therefore, all comparisons should be interpreted
as associations rather than effects. Although we adjusted for
available covariates and explored multiple subgroups, re-
sidual confounding is likely, some drug-defined strata were
relatively small, and the limited baseline variable set con-
strained more robustapproaches (e.g. propensity methods).
Prospective, randomized studies with standardized dosing
and time-updated covariates are needed to determine effi-
cacy. Second, the timing of treatment changes was not
available. To overcome this, we searched for associations
between treatment at diagnosis and treatment changes
during follow-up (stopped, continued until last follow-up,
increased number of drugs, etc.) and survival, similarly to
previous studies.*® Third, the baseline variable set was
limited and did not support robust propensity-based adjust-
ment (e.g. matching or weighting). Several covariates that
plausibly influence both treatment selection and outcomes
(resting blood pressure and heart rate, indices of frailty and
clinical surrogates of autonomic dysfunction) were not con-
sistently collected, and time-updated vital signs were un-
available, leaving residual and unmeasured confounding.
Fourth, the study population was mostly enrolled before the
publication of the 2021 ESC position statement,® and there-
fore not managed according to these recommendations. On
the other hand, great caution with neurohormonal therapies
had already been recommended, for example, by an au-
thoritative review paper on the management of ATTR-CA.°
Fifth, we did not distinguish between drugs recommended
by heart failure guidelines and other drugs (e.g. bisoprolol,
carvedilol, metoprolol or nebivolol versus atenolol, sotalol, or
propranolol or spironolactone or eplerenone versus canre-
none/canrenoate).'® Nonetheless, evaluating drugs without
demonstrated prognostic benefits in heart failure is
expected to potentially dilute the efficacy of neurohormonal
drugs ratherthan enhance it. Finally, information on sodium-
glucose cotransporter 2 inhibitors (SGLT2i) was not collect-
ed, although these patients were managed before the pre-
liminary evidence about SGLT2i efficacy in ATTR-CA,"® and
in a country where SGLT2i cannot be prescribed to patients
diagnosed with ATTR-CA.

In conclusion, patients with ATTRwt-CA on beta-blockers
or ACEiI/ARB/ARNI at diagnosis did not have a shorter
survival. Beta-blockers were discontinued less often than
were ACEI/ARB/ARNI. There was no sign of better out-
comes in patients discontinuing these therapies, or worse
outcomes in those starting them. These findings may raise
questions about the current recommendations to discon-
tinue or avoid these drugs. Further prospective studies and
randomized trials are needed to establish clearer guide-
lines on neurohormonal therapy in ATTRwt-CA.
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GRAPHICAL ABSTRACT

Neurohormonal therapies at baseline and follow-up and survival in wild-type

transthyretin cardiac amyloidosis

Population Neurohormonal therapies in patients with wild-type transthyretin cardiac amyloidosis
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¢ Multicenter Italian cohort,
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Conclusions: ATTRwt-CA patients on beta-blockers or ACEi/ARB/ARNI at diagnosis did not have a shorter survival. Beta-
blockers were discontinued less often than were ACEi/ARB/ARNI.
There was no sign of better outcomes in patients discontinuing these therapies, or worse outcomes in those starting them.
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