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heart transplantation) in select patients. Thera-
peutic advances have significantly increased 
treatment possibilities, selection of appropriate 
therapy, switching between therapies, combina-
tion strategies, and how to monitor treatment 
response over time. This review summarizes 
available and investigational therapies for ATTR-
CM and considers practical questions that guide 
clinical decision-making, with the goal of help-
ing clinicians navigate the evolving therapeutic 
landscape.
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ABSTRACT

Transthyretin amyloid cardiomyopathy (ATTR-
CM) is a progressive disease caused by the depo-
sition of insoluble amyloid fibrils derived from 
misfolded transthyretin (TTR). The treatment 
landscape is rapidly evolving, with disease-mod-
ifying therapies now targeting distinct steps in 
disease progression. Management requires both 
disease-modifying treatment and symptom-
guided treatment of heart failure and arrhyth-
mias, along with device therapy and considera-
tion of advanced heart failure interventions (i.e., 
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Key Summary Points 

Transthyretin amyloid cardiomyopathy is a 
progressive disease that requires both disease-
modifying treatment and symptom-directed 
management.

In the past 6 months, the number of thera-
pies approved by the United States Food and 
Drug Administration (FDA) for transthyretin 
amyloid cardiomyopathy has tripled. Tafa-
midis was approved in 2019, followed by 
acoramidis in November 2024 and vutrisiran 
in March 2025. Additional therapies targeting 
transthyretin silencing, amyloid clearance, 
and gene editing are in development.

This review focuses on current and emerg-
ing therapies for transthyretin amyloid 
cardiomyopathy and the practical challenges 
clinicians face in initiating, monitoring, and 
adjusting treatment as options continue to 
expand.

INTRODUCTION

Transthyretin amyloid cardiomyopathy (ATTR-
CM) is a progressive disease characterized by 
the accumulation of insoluble amyloid fibrils 
derived from misfolded transthyretin (TTR). TTR 
is a tetrameric protein produced predominantly 
in the liver that plays a role in transporting reti-
nol and thyroxine. In ATTR-CM, amyloid arises 
either from non-variant TTR (wild-type ATTR, 
or ATTRwt), where factors such as aging and 
oxidative stress drive later-onset amyloid for-
mation, or from variant TTR (variant ATTR, or 
ATTRv), inherited in an autosomal-dominant 
pattern with incomplete penetrance [1–5]. In 
both forms of disease, unstable tetramers dissoci-
ate into monomers that are prone to misfolding 
and aggregation into amyloid fibrils. Amyloid 
is deposited in the extracellular space of differ-
ent target organs, disrupting their structure and 
function. In the myocardium, amyloid infil-
tration leads to wall thickening which conse-
quently causes impaired relaxation and elevated 

filling pressures, resulting in progressive cardio-
myopathy and possible death. Median survival 
ranges between 2 and 5 years without treatment 
[1–9]. For years, treatment of ATTR-CM was lim-
ited to managing symptoms, with few options 
available to alter the disease course. The recent 
introduction of numerous disease-modifying 
therapies has shifted this paradigm, and ongo-
ing research continues to expand treatment 
possibilities. This review outlines current and 
emerging treatments for ATTR-CM and examines 
how recent therapeutic advances are reshaping 
management strategies in clinical practice. This 
article is based on previously conducted stud-
ies and does not contain any new studies with 
human participants or animals performed by 
any of the authors.

DISEASE‑MODIFYING THERAPIES 
FOR ATTR‑CM

Significant progress has been achieved over the 
past decade in the development of therapies for 
ATTR-CM that target different steps of disease 
pathogenesis (Fig. 1). Stabilizers bind to the 
TTR tetramer at the thyroxine binding site to 
prevent dissociation into amyloidogenic mono-
mers. Silencers, such as small interfering RNA 
(siRNA) and antisense oligonucleotides (ASOs), 
work at the level of the hepatocyte, targeting 
TTR messenger RNA (mRNA) to reduce hepatic 
TTR production, thereby limiting the supply of 
amyloidogenic monomers. Additionally, new 
treatments are being developed to bind amy-
loid and promote immune-mediated clearance 
of amyloid fibrils [2, 8, 10, 11].

Current Therapies

Stabilizers

Tafamidis was the first FDA-approved treatment 
of ATTR-CM in May 2019. Tafamidis is a once-
a-day oral therapy that binds to TTR’s thyrox-
ine binding site, stabilizing its structure. The 
ATTR-ACT trial demonstrated that tafamidis 
significantly reduced mortality and cardiovas-
cular-related hospitalizations over 30 months, 
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with patients on tafamidis showing a 29.5% 
mortality rate compared with 42.9% in the pla-
cebo group (hazard ratio [HR]: 0.67, 95% CI: 
0.51–0.96). Rates of cardiovascular-related hos-
pitalizations were also 32% lower in the tafa-
midis group (relative risk reduction [RRR]: 0.68, 
95% CI: 0.56–0.81), with additional benefits 
seen in attenuated decline in the 6-min walk test 
(6MWT) distance and Kansas City Cardiomyopa-
thy Questionnaire Overall Summary (KCCQ-OS) 
score [3, 11–13].

Acoramidis, a next-generation stabilizer, was 
developed to replicate the stabilizing effect of 
the naturally occurring T119M mutation, which 
enhances TTR tetramer stability. In addition to 
binding thyroxine, it forms hydrogen bonds 
with serine residues at position 117 as in the 
T119M variant, contributing to its ability to 
achieve over 90% TTR stabilization [14]. Aco-
ramidis is a twice-a-day oral therapy treatment, 
which became the second FDA-approved ther-
apy for ATTR-CM (including both ATTRwt- and 
ATTRv-CM) in November 2024 after publication 
of the ATTRibute-CM trial. This trial demon-
strated that acoramidis was superior to placebo, 

achieving a statistically significant primary end-
point as assessed by a four-step hierarchical win 
ratio analysis of all-cause mortality, cardiovas-
cular hospitalizations, change from baseline in 
N-terminal pro-B-type natriuretic peptide (NT-
proBNP) levels, and change from baseline in 
6MWT distance (win ratio: 1.8, 95% CI: 1.4–2.2; 
P < 0.001). Serial cardiac magnetic resonance 
imaging (MRI) scans were also used in a subset of 
acoramidis-treated patients to assess changes in 
amyloid burden. Patients on acoramidis showed 
favorable trends in cardiac magnetic resonance 
(CMR) parameters compared with placebo. The 
observation of potential amyloid regression war-
rants further investigation. The ATTRibute-CM 
protocol allowed enrolled patients to initiate 
tafamidis starting at 12 months, with 14.9% 
of those in the acoramidis group and 22.8% in 
the placebo group ultimately receiving it. The 
median time to initiation of tafamidis and dura-
tion of exposure were similar between groups 
[11, 14].

Fig. 1   The evolving treatment landscape of transthyretin 
amyloid cardiomyopathy. Created in BioRender. Margo-
lin, E. (2025) https://​BioRe​nder.​com/ mz5wyr4. Dates 
reflect projected FDA approval for treatment of transthyre-
tin amyloid cardiomyopathy, including therapies that were 
not approved. *FDA-approved for the treatment of tran-
sthyretin amyloid cardiomyopathy. †FDA-approved for 

the treatment of transthyretin amyloid polyneuropathy. 
*†FDA-approved for the treatment of transthyretin amyloid 
cardiomyopathy and transthyretin amyloid polyneuropa-
thy. Pink: transthyretin stabilized. Green: transthyretin 
silencer. Yellow: gene-editing therapy. Purple: degrader/
depleter. siRNA small interfering ribonucleic acid, ASO 
antisense oligonucleotide, TBD to be determined

https://BioRender.com/
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Silencers

Patisiran is an siRNA-based therapy that was FDA-
approved to treat hereditary ATTR-polyneuropa-
thy (ATTRv-PN) in 2018. It is administered as an 
intravenous infusion with pre-medications every 
3 weeks. Patisiran’s expanded use in ATTR-CM was 
evaluated in the APOLLO-B phase III trial [15]. 
The trial met its co-primary endpoints of reduced 
decline in 6MWT distance and KCCQ-OS score, 
though the absolute differences were modest 
despite statistical significance. Secondary analyses 
evaluated composite clinical outcomes including 
all-cause mortality, cardiovascular events, hospi-
talizations, and urgent heart failure visits but did 
not show significant differences; of note, the trial 
was not powered for these outcomes. Patients on 
tafamidis at baseline were allowed to continue 
treatment (25% in both groups), and a small per-
centage initiated tafamidis during the 12-month 
double-blind period (3% in the patisiran group, 
2% in the placebo group). In October 2023, the 
FDA declined a label extension for ATTR-CM, cit-
ing limited clinical meaningfulness, with statisti-
cally significant benefits observed only in surro-
gate endpoints and modest absolute differences 
[2, 3, 5, 8, 11, 15]. As with the 12-month results 
of the ATTRibute-CM trial, this may reflect insuf-
ficient duration or event rates to detect differences 
in hard outcomes [14].

Vutrisiran, a second-generation silencer, 
employs a similar siRNA mechanism to pati-
siran but it is administered subcutaneously every 
3 months. It was FDA-approved for ATTRv-PN in 
June 2022 and for ATTR-CM in March 2025. The 
HELIOS-B phase III trial evaluated its effect in 
patients with ATTRv- and ATTRwt-CM and found 
that vutrisiran reduced all-cause mortality and 
recurrent cardiovascular events (HR: 0.72, 95% CI: 
0.56–0.93; P = 0.01). In addition, vutrisiran led to 
decreased decline in functional endpoints, with 
patients experiencing a 26.5-m lower decline in 
6MWT (P < 0.001) and a 5.8-point lower decline 
in KCCQ scores (P < 0.001) [2, 3, 5, 8, 11, 16]. At 
baseline, 60% of patients in both the vutrisiran 
and placebo groups were not receiving tafamidis, 
but 22% and 21%, respectively, initiated tafa-
midis after randomization. Patients not on tafa-
midis at baseline experienced greater benefit from 

vutrisiran, with reduced all-cause mortality and 
recurrent cardiovascular events (HR: 0.67, 95% CI: 
0.49–0.93; P = 0.02).

Emerging Therapies

Silencers

Eplontersen is an antisense oligonucleotide 
(ASO) therapy that reduces hepatic TTR produc-
tion by targeting TTR mRNA. It is administered 
subcutaneously every month; however, it can be 
administered by the patient at home, whereas 
vutrisiran must be administered in a health-
care setting. Eplontersen was FDA-approved in 
December 2023 for ATTRv-PN based on its abil-
ity to lower serum TTR levels and improve neu-
ropathy symptoms in the NEURO-TTRansform 
trial. Post hoc analyses of this trial suggested 
potential cardiac benefits including possible 
structural remodeling in response to treatment, 
with improvements in echocardiographic 
parameters such as left ventricular end-diastolic 
volume, stroke volume, and left atrial volume 
[11]. While not yet approved for ATTR-CM, its 
effects on cardiomyopathy are being investi-
gated in the CARDIO-TTRansform trial, which 
when completed will be the largest trial in ATTR-
CM, enrolling over 1400 patients, and will assess 
whether eplontersen reduces cardiovascular 
mortality and recurrent hospitalizations. Con-
comitant tafamidis use is allowed, and this trial 
may provide insight into the role of combined 
stabilizer-silencer therapy [5, 11].

Nucresiran (ALN-TTRsc04) is a next-genera-
tion siRNA therapy that inhibits hepatic syn-
thesis of both wild-type and variant TTR mRNA 
through subcutaneous administration every 6 
to 12 months. In phase 1 studies, it achieved 
deep and sustained TTR knockdown, with 
reductions exceeding 96% at higher doses and 
suppression maintained for at least 180 days 
[17]. Based on these findings, the phase 3 
TRITON-CM trial was recently announced to 
evaluate nucresiran against placebo in patients 
with ATTR-CM receiving standard-of-care ther-
apy. The study plans to enroll approximately 
1200 patients with either wild-type or variant 
ATTR-CM, including those already on stabilizer 



389Cardiol Ther (2025) 14:385–401	

therapy [18], and will also provide insight into 
the possible benefit of combination therapy.

Nexiguran ziclumeran (Nex-z, also known 
as NTLA-2001) is a CRISPR-Cas9-based gene-
editing therapy designed to silence the TTR 
gene with a single intravenous infusion. In a 
phase I study, Nex-z reduced serum TTR lev-
els by 89% at 1 month that was sustained at 
12 months (95% CI −93 to −87), with no seri-
ous adverse events reported. Functional meas-
ures and cardiac biomarkers remained stable, 
with unchanged NT-proBNP levels, a median 
increase in 6MWT of 5 m, and improvement 
in KCCQ-OS scores by eight points [19]. The 
phase III MAGNITUDE trial is investigating 
Nex-z’s impact on cardiovascular mortal-
ity, recurrent events, and amyloid burden. 
This trial was initially designed for a more 
advanced population, requiring NT-proBNP 
greater than 1000 pg/mL for entry. However, 
the threshold was recently lowered to 600 pg/
mL, resulting in a study population that will 
more closely resemble those in prior silencer 
trials [20]. Structural changes will be evaluated 
using serial cardiac MRI scans to track changes 
in extracellular volume (ECV) and treatment 
response [11].

Depleters

While stabilizers and silencers disrupt the amy-
loidogenic cascade by decreasing the precursor to 
amyloid fibril formation, depleter therapies have 
potential effects downstream, targeting circulat-
ing amyloid fibrils and clearing existing amyloid 
deposits. ALXN2220 (formerly NI006) is a recom-
binant human monoclonal Immunoglobulin 
G1 (IgG1) antibody designed to recognize and 
bind misfolded TTR within extracellular amyloid 
deposits. ALXN2220 binds misfolded TTR and 
activates the immune system, leading to mac-
rophage-mediated removal through Fc receptor-
mediated phagocytosis. [2, 4, 5, 21, 22]. In a phase 
I study of 40 patients with ATTRwt- or ATTRv-CM, 
ALXN2220 administration was associated with 
an improvement in the cardiac imaging and NT 
proBNP level, both considered to be a surrogate 
for amyloid burden. The degree of circulating 
native TTR was unaffected in this trial [25]. The 

ongoing phase III DepleTTR-CM trial, launched 
in January 2024, is evaluating ALXN2220’s long-
term efficacy and safety in 1000 patients with 
more advanced ATTR-CM than in other trials, 
enrolling patients with New York Heart Associa-
tion (NYHA) class IV symptoms with a requisite 
NT proBNP of greater than 2000 pg/mL, with 
weight-based intravenous infusions administered 
every 4 weeks over 48 months [1].

Coramitug (formerly PRX004), another inves-
tigational TTR depleter, is a monoclonal IgG1 
antibody that binds an epitope specific to TTR 
monomers and misfolded aggregates [22]. Like 
ALXN2220, binding facilitates amyloid clear-
ance through antibody-mediated phagocytosis. 
In addition, by binding soluble amyloidogenic 
monomers, coramitug may interfere with fibril 
elongation, thereby preventing further amyloid 
formation [23, 24]. In a phase I study, coramitug 
demonstrated safety and tolerability in 21 patients 
with ATTRv-PN and/or ATTRv-CM, with some 
patients showing improved global longitudinal 
strain (GLS) [11, 23, 24]. Coramitug is currently in 
phase 2 trials for the treatment of ATTR-CM, with 
99 patients (ATTRv or ATTRwt) receiving monthly 
intravenous infusions to assess changes in 6MWT 
and NT-proBNP over 12  months. Results are 
expected in late 2025 [11, 23].

AT-02 is a humanized IgG1-peptide fusion 
antibody designed for pan-amyloid clearance. 
Unlike ALXN2220 and coramitug, which specifi-
cally bind ATTR, AT-02 is a pan-amyloid antibody 
with an engineered p5R peptide component. The 
p5R peptide uses electrostatic interactions to bind 
all forms of amyloid deposits with high affinity, 
allowing AT-02 to function as a broad-spectrum 
amyloid depleter, potentially treating various 
types of amyloidosis, including ATTR-CM [11, 22, 
23]. Preclinical studies showed effective amyloid 
clearance across multiple organs, including the 
heart, liver, and spleen, with sustained phagocytic 
activity facilitating long-term removal of deposits 
[22]. AT-02 is currently being evaluated in phase 
I and II trials for its safety and efficacy in both 
healthy volunteers and patients with systemic 
amyloidosis, including ATTR-CM [11, 23].
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SUPPORTIVE AND ADJUNCTIVE 
TREATMENTS

In addition to disease-modifying therapies, treat-
ment of ATTR-CM includes symptomatic man-
agement of heart failure and arrhythmias, with 
consideration of advanced therapies in advanced 
disease states without significant extracardiac 
involvement.

Non‑Disease‑Specific Medical Therapies

Heart Failure

Heart failure in ATTR-CM is characterized by a 
restrictive cardiomyopathy, often with preserved 
or mildly reduced ejection fraction, with pro-
gression to reduced ejection fraction in later-
stage disease. Medical therapy is often poorly 
tolerated, and its role in patients with heart 
failure with reduced ejection fraction (HFrEF) 
remains unclear, with expert opinion caution-
ing against the routine use of guideline-directed 
medical therapy (GDMT).

In a retrospective study of patients with 
ATTR-CM, the use of low-dose beta-blockers 
was independently associated with improved 
survival in those with left ventricular ejec-
tion fraction (LVEF) ≤ 40% (HR 0.61 [95% CI 
0.45–0.83], P = 0.002) [26]. However, in another 
study, beta-blocker withdrawal was associated 
with improved quality of life [27]. Patients with 
advanced ATTR-CM may not tolerate traditional 
heart rate goals of less than 70 beats per min-
ute, as they have a fixed stroke volume from 
restrictive physiology contributing to depend-
ence on heart rate for cardiac output augmen-
tation. Therefore, beta-blockers should be used 
with caution, and tolerance should be routinely 
assessed in patients receiving them [2, 5, 11, 28].

Similarly, vasodilatory therapies such as angi-
otensin-converting enzyme inhibitors (ACEi), 
angiotensin receptor blockers (ARBs), and angi-
otensin receptor-neprilysin inhibitors (ARNIs) 
can exacerbate hypotension in patients who are 
normotensive or have baseline hypotension. 
This is particularly a concern in patients with 
ATTRv-CM, who often have debilitating auto-
nomic dysfunction and orthostasis. While these 

therapies typically increase stroke volume and 
cardiac output in patients with HFrEF by reduc-
ing afterload, their effectiveness may be limited 
in patients with ATTR due to a fixed stroke vol-
ume seen in advanced restrictive heart disease. 
Therefore, their use should be approached with 
caution [5, 12, 28, 29].

In contrast, mineralocorticoid receptor 
antagonists (MRAs) are generally well tolerated 
by patients with ATTR-CM and have been asso-
ciated with improved outcomes in retrospec-
tive propensity-matched analyses. Addition-
ally, sodium-glucose cotransporter-2 inhibitors 
(SGLT2i) have shown benefit across various heart 
failure phenotypes, including ATTR-CM, though 
prospective trials are lacking [5, 11, 28, 30, 31]. 
Both MRAs and SGLT2is are therefore increas-
ingly considered in ATTR-CM management.

Diuretics remain the cornerstone of symp-
tomatic treatment for heart failure in ATTR-
CM, with the goal of maintaining euvolemia. 
Loop diuretics are commonly used but require 
careful titration, given the narrow euvolemic 
window in restrictive cardiomyopathies. Over-
diuresis may lead to hypotension and acute kid-
ney injury, particularly when using sequential 
nephron blockade with thiazide diuretics [2, 5, 
28]. Importantly, progressive diuretic escalation 
and decreased glomerular filtration rate (GFR) 
are markers of disease progression in ATTR-CM 
and have been associated with worse survival 
[5, 32].

Arrhythmias

Atrial fibrillation (AF) is common in ATTR-CM 
and can worsen hemodynamics, often leading 
to symptom progression. Loss of atrial contrac-
tion may be particularly poorly tolerated in this 
population, and rhythm control is often pre-
ferred in early-stage disease when more effec-
tive, though it may not be feasible in those with 
advanced cardiomyopathy [33]. Amiodarone is 
generally well tolerated as a first-line agent, and 
catheter ablation appears more effective when 
pursued earlier in the disease course. The ben-
efit of rhythm control over rate control remains 
uncertain, with no demonstrated mortality dif-
ference in available studies [2, 28].
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Rate control is typically pursued when 
rhythm control is not achievable, but standard 
agents such as beta-blockers and calcium chan-
nel blockers may be poorly tolerated due to their 
negative inotropic effects as described above [2, 
5]. Digoxin has traditionally been avoided due 
to concerns about amyloid binding and toxicity, 
but recent studies suggest it may be used cau-
tiously for rate control in select patients with 
close monitoring for toxicity [5, 28].

Given the high thromboembolic risk in ATTR-
CM, anticoagulation is recommended in all 
patients with AF, regardless of CHA2DS2-VASc 
score. Direct oral anticoagulants (DOACs) are 
preferred over warfarin due to their favorable 
safety profile and ease of use. Additionally, 
transesophageal echocardiography (TEE) may 
be considered prior to cardioversion, regard-
less of prior anticoagulation status, due to the 
increased risk of intracardiac thrombi even in 
normal sinus rhythm [2, 28, 29].

Devices and Advanced Therapies

Devices:

Conduction disease is common in ATTR-CM, 
and pacemaker implantation is indicated based 
on standard guidelines. Cardiac resynchro-
nization therapy (CRT) may be considered 
in patients with significant ventricular dys-
synchrony or those requiring a high degree of 
ventricular pacing, though data on ATTR-CM 
remain limited [2, 28]. Implantable cardioverter-
defibrillators (ICDs) are generally reserved for 
secondary prevention, as primary prevention 
remains controversial. ICD placement should 
be individualized based on patient risk factors 
and clinical context [2, 28, 29].

Advanced Therapies:

For ATTRv-CM, orthotopic liver transplanta-
tion or combined heart-liver transplantation 
was historically considered to be the only 
available disease-modifying treatment [2]. In 
patients with ATTRwt-CM, liver transplantation 
is not a curative option, and heart transplanta-
tion is an important consideration for patients 

with advanced (American College of Cardiol-
ogy [ACC]/American Heart Association [AHA] 
stage D) heart failure and minimal extracardiac 
involvement [2, 28]. In the contemporary era, 
appropriately selected patients with ATTR-CM 
achieve favorable outcomes following heart 
transplantation. For instance, a cohort from 
Cedars-Sinai Medical Center demonstrated a 
3-year survival rate of 86% with no amyloid 
recurrence [34], while data from Stanford Uni-
versity Medical Center and Kaiser Permanente 
Santa Clara Medical Center reported a 3-year 
survival of 88% without graft failure or amyloid-
related mortality [35]. Similarly, the Mayo Clinic 
reported a 3-year post-transplant survival of 
90.8% in patients with ATTR-CM [36]. Addition-
ally, in the modern era, adjunct silencer treat-
ment post-heart transplant is often employed 
for patients with ATTRv-CM with concurrent 
peripheral neuropathy.

MONITORING DISEASE 
PROGRESSION AND TREATMENT 
RESPONSE

Based on expert consensus, monitoring disease 
progression in patients with ATTR-CM requires 
consideration of three domains: (1) clinical and 
functional endpoints, (2) biomarkers and labo-
ratory markers, and (3) imaging parameters and 
electrocardiography (ECG). Disease progression 
is defined by worsening in at least one marker 
in each domain [37].

Markers of Prognosis and Disease 
Progression

Clinical and Functional Endpoints

Clinical and functional endpoints include car-
diovascular-related hospitalizations, increases 
in NYHA class, declines in KCCQ scores, and 
changes in the 6MWT or peak oxygen uptake 
(pVO2). An absolute reduction of > 35 m or a rel-
ative reduction of > 5% in 6MWT is associated 
with disease progression and is independently 
linked to a worse prognosis [31]. Both daily 
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diuretic dose and NYHA functional class are 
independent predictors of mortality in ATTR-CM 
[11, 32]. In a cohort of patients with ATTR-CM, 
higher daily diuretic dose was significantly asso-
ciated with all-cause mortality, with a 1 mg/kg 
increase in furosemide equivalents nearly dou-
bling the unadjusted mortality risk [32]. More 
recently, outpatient diuretic escalation (ODI) 
has been identified as a longitudinal marker 
of disease worsening in ATTR-CM. Defined as 
a sustained increase in loop diuretic dose for 
more than a month, ODI was independently 
associated with higher mortality in cohorts of 
patients receiving tafamidis [38], patisiran [39], 
and vutrisiran [40].

Biomarkers and Staging:

Elevated NT-proBNP (> 3000 pg/mL) is associated 
with worse survival and serves as a key com-
ponent of multiple staging systems for ATTR-
CM, which are outlined below. Changes in NT-
proBNP levels also provide important prognostic 
information. Relative increases > 30% or absolute 
increases > 700 ng/L indicate disease progression 
and are independently associated with increased 
mortality in ATTR-CM [2, 4, 5, 7, 9, 11, 41, 42].

For ATTRwt-CM, the Mayo staging sys-
tem stratifies patients into three stages based 
on NT-proBNP > 3000 pg/mL and troponin T 
(TnT) > 0.05 ng/mL, with increasing stage corre-
lating with worse median survival [28, 41]. This 
system has not been validated for ATTRv-CM. 
In contrast, the United Kingdom (UK) National 
Amyloidosis  Centre (NAC) system applies to 
both ATTRwt-CM and ATTRv-CM, using NT-
proBNP > 3000 ng/L and estimated glomerular 
filtration rate (eGFR) < 45 mL/min/1.73 m2 to 
classify patients into three stages, with cor-
responding median survival rates of approxi-
mately 2, 4, and 6 years, respectively. A more 
recent adaptation includes a fourth stage (NT-
proBNP > 10,000 ng/L) to identify patients at the 
highest risk of early mortality [11]. To further 
refine prognostication, the Columbia staging 
system was developed by adding diuretic dose 
and NYHA functional class to the Mayo and UK 
NAC risk scores. Since these variables are inde-
pendent predictors of mortality in ATTR-CM, 

they provide incremental value to existing risk 
scores [32].

High-sensitivity troponin is also considered 
in the assessment of ATTR-CM, with a 30% 
relative increase indicating disease progression 
[37]. While troponin’s prognostic utility is well 
established in ATTRwt-CM, its significance in 
ATTRv-CM remains unproven [37, 43, 44]. Simi-
larly, serum TTR has been proposed as a poten-
tial marker of disease progression in ATTR-CM, 
though current evidence is specific to ATTRwt-
CM [37]. In ATTRwt, lower baseline serum TTR 
concentrations (< 18 mg/dL) have been inde-
pendently associated with shorter survival, with 
longitudinal assessments showing that declin-
ing levels correspond to worsening cardiac func-
tion [4, 45]. While serum troponin and TTR may 
offer future insights into disease severity, further 
research is needed to clarify their applications in 
monitoring ATTRv-CM progression.

The Role of Imaging and Amyloid Burden

Echocardiographic markers of disease progres-
sion include increased left ventricular (LV) 
wall thickness, worsening diastolic dysfunc-
tion, reduced systolic function, and deteriora-
tion in global longitudinal strain (GLS). Clini-
cally meaningful thresholds from trial data 
include ≥ 2  mm increases in LV wall thick-
ness, ≥ 5% reductions in ejection fraction (EF), 
or ≥ 1% worsening in GLS [2, 5, 6, 8, 10, 12, 46]. 
New-onset conduction abnormalities on ECG, 
including supraventricular arrhythmias—par-
ticularly atrial fibrillation—as well as atrioven-
tricular and intraventricular conduction distur-
bances, also indicate disease progression [37, 
47].

Amyloid burden, defined as the extent of 
amyloid deposition in the heart, can be assessed 
using cardiac MRI (CMR) and nuclear scintigra-
phy. CMR evaluation includes native T1 map-
ping, late gadolinium enhancement (LGE), and 
extracellular volume (ECV) measurement, with 
ECV serving as a surrogate for amyloid burden. 
Increases in ECV occur early in the disease pro-
cess, preceding LGE and structural changes [2, 5, 
6, 8, 10, 11]. While CMR has significant prognos-
tic value and potential for monitoring treatment 
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response, its broader use is limited by cost and 
challenges with serial assessments. Similarly, the 
role of cardiac scintigraphy with bone-avid trac-
ers in tracking ATTR-CM progression remains 
unclear and requires further study [6, 11, 48].

PRACTICAL CONSIDERATIONS IN 
THERAPY SELECTION

Therapy selection for ATTR-CM requires con-
sideration of patient-centered factors such as 
disease stage, medication tolerability, cost, and 
access to treatment. Practical considerations 
also include treatment logistics, such as mode 
of administration and dosing schedules.

Disease Stage

As the only disease-modifying therapies cur-
rently FDA-approved for ATTR-CM, tafamidis, 
acoramidis, and vutrisiran are recommended 
as first-line therapies for patients with NYHA 
class I–III symptoms [3, 10, 22, 23]. However, 
the trials supporting these approvals enrolled 
different patient populations, particularly with 
respect to disease severity. ATTR-ACT included a 
greater proportion of patients with NYHA class 
III symptoms, while ATTRibute-CM and HELIOS-
B enrolled more patients in class II [12, 14, 16]. 
These differences complicate direct comparisons 
and should be considered when applying trial 
data to clinical care. Early findings indicate a 
more consistent benefit in NYHA III, but addi-
tional studies are needed [10, 23]. For patients 
with advanced disease (NYHA class IV), disease-
modifying therapies are unproven and iden-
tify a gap in data for this high-risk population. 
Table 1 summarizes key baseline characteristics 
across the three trials to help clarify differences 
in patient populations.

Cost and Access

The cost of ATTR-CM disease-modifying thera-
pies is a significant barrier to patient access. 
Tafamidis and acoramidis, for example, cost 

over $240,000 per year. Silencer therapies are 
even more expensive, with annual costs sur-
passing $500,000 for vutrisiran and eplontersen 
[3, 5]. Cost-effectiveness analyses estimate that 
an 80–92% price reduction would be neces-
sary to align tafamidis with established value 
benchmarks, as its current incremental cost-
effectiveness ratio (ICER) exceeds $180,000 per 
quality-adjusted life-year (QALY) gained [3, 5, 
10, 28, 29]. Financial assistance programs may 
be required to improve patient access to any 
disease-modifying therapy, but navigating these 
programs presents additional challenges [28].

Safety, Tolerability, and Administration

Stabilizer therapies are generally well tolerated 
and offer a convenient approach to TTR stabili-
zation through oral administration. Tafamidis, 
taken once daily, has a favorable safety profile, 
with adverse events occurring less frequently 
than in placebo groups [12, 28]. Similarly, aco-
ramidis, taken twice daily, has shown a com-
parable rate of adverse events to placebo and 
fewer serious adverse events overall. A transient 
increase in serum creatinine (mean 0.2 mg/dL) 
is observed within the first month of acoramidis 
therapy and returns to baseline after discontinu-
ation [5, 10, 14, 49].

Silencer therapies require periodic injections 
and vary in dosing frequency. Unlike intrave-
nous formulations, vutrisiran (25 mg subcutane-
ously every 3 months) and eplontersen (45 mg 
subcutaneously once monthly) do not require 
premedication due to their subcutaneous admin-
istration. However, because TTR transports vita-
min A, all siRNA and ASO agents reduce serum 
retinol levels, leading to vitamin A deficiency. 
Supplementation with 3000 international 
units of vitamin A daily is recommended for all 
patients on silencer therapies, including pati-
siran, vutrisiran, and eplontersen. In addition to 
vitamin A deficiency, vutrisiran has been associ-
ated with extremity pain, peripheral edema, diz-
ziness, and gout. Although the CARDIO-TTRans-
form is still underway, adverse effects observed 
in NEURO-TTRansform for hereditary ATTRv-PN 
were mild, with headache, diarrhea, and nausea 
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reported less frequently with eplontersen than 
with placebo [5, 16, 50].

Investigational therapies offer alternative 
administration strategies. Nex-z, a CRISPR-
based gene-editing therapy, is administered as 
a single intravenous infusion, potentially elimi-
nating the need for ongoing dosing. Reported 
adverse effects from the phase 1 trials include 

self-limited elevated liver enzymes and infusion-
related reactions, highlighting the need for close 
monitoring during initial use [5, 19]. ALXN2220 
is given as an intravenous infusion every 4 
weeks. No serious drug-related adverse events 
have been reported, but the most common side 
effects included cytokine release syndrome, 

Table 1   Baseline characteristics of trial populations for FDA-approved ATTR-CM therapies

NYHA New York Heart Association, NT-proBNP N-terminal pro-B-type natriuretic peptide
pg/mL picograms per milliliter, SD standard deviation, ATTRv hereditary transthyretin amyloidosis
ATTRwt wild-type transthyretin amyloidosis, IQR interquartile range
*Median (IQR) shown; mean ± SD not reported in HELIOS-B
† Tafamidis use was permitted after 12 months into the trial and at physician discretion

ATTR-ACT​ ATTRibute-CM HELIOS-B

Trial design Therapy studied Tafamidis Acoramidis Vutrisiran

Study duration (months) 30 30 36

Population size (n) 441 632 654

Age (years) Treatment (mean ± SD) 74.5 ± 7.2 77.4 ± 6.5 *77 (45–85)

Placebo (mean ± SD) 74.1 ± 6.7 77.1 ± 6.8 *76 (46–85)

Gender Male (n, %) 398 (90.2) 570 (90.2) 605 (92.5)

 (n, %) 43 (9.8) 62 (9.8) 49 (7.5)

Race White (n, %) 357 (81) 555 (87.8) 552 (84.4)

Black (n, %) 63 (14.3) 30 (4.7) 47 (7.2)

Asian (n, %) 18 (4.1) 13 (2.1) 37 (5.7)

Other (n, %) 3 (0.7) 34 (5.4) 18 (2.8)

Genotype ATTRv (n, %) 106 (24) 61 (9.7) 76 (11.6)

ATTRwt (n, %) 335 (76) 571 (90.3) 578 (88.4)

NYHA Class I (n, %) 37 (8.4) 68 (10.8) 84 (12.8)

II (n, %) 263 (59.6) 455 (72) 508 (77.7)

III (n, %) 141 (32) 103 (17.2) 62 (9.5)

NT-proBNP (pg/mL) Treatment (median, IQR) 2995.9 (1751.5–4861.5) 2326 (1332–4019) 2021 (1138–
3312)

Placebo (median, IQR) 3161 (1864.4–4825) 2306 (1128–3754) 1801 (1042–
3082)

Tafamidis use Treatment (n, %) Not applicable †61 (14.9) 130 (40%)
Placebo (n, %) †46 (22.8) 129 (39%)
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dose-related arthralgia and arthritis, and tran-
sient thrombocytopenia [21, 25].

THERAPY OPTIMIZATION

Optimizing therapy in patients with ATTR-CM is 
complicated by limited data on when and how 
to adjust treatment. As disease-modifying thera-
pies continue to evolve, questions remain about 
whether switching between agents or combining 
treatments can improve outcomes.

Switching Agents

Currently, there are no established guidelines 
on when or how to switch disease-modifying 
therapy in ATTR-CM. While criteria for dis-
ease progression in ATTR-CM have been pro-
posed as outlined above, these have not been 
validated for assessing response to or failure of 
therapy [23, 37]. A key challenge is distinguish-
ing between treatment failure and the natural 
course of ATTR-CM progression. While biomark-
ers and imaging have been proposed to track dis-
ease trajectory, their role in differentiating treat-
ment failure from expected progression remains 
unclear. A recent retrospective study found that 
50% of tafamidis-treated patients experienced 
worsening heart failure events—including HF 
hospitalization or sustained diuretic escalation—
after a mean of 3.3 years from diagnosis. Those 
with worsening heart failure had higher subse-
quent mortality rates than those without [38]. 
Although disease progression can occur despite 
treatment, determining whether this reflects 
treatment failure or the expected course of 
ATTR-CM is challenging. Until more is known, 
progression should not be interpreted as a rea-
son to discontinue treatment altogether, as long-
term data on treated patients with ATTR-CM are 
incomplete at this time [3, 37].

Stabilizer to Stabilizer

Tafamidis and acoramidis are TTR stabilizers that 
have both been approved for use in ATTR-CM. 
No head-to-head trials directly compare these 
therapies, and differences in trial populations 

and study designs complicate cross-trial compar-
isons, as ATTRibute-CM included fewer NYHA 
III or ATTRv patients than ATTR-ACT [23]. In 
ATTRibute-CM, acoramidis-treated patients 
exhibited a 39% increase in serum TTR lev-
els at 12 months, compared to a 30% increase 
observed in ATTR-ACT with tafamidis [3, 12, 
14]. A greater increase in serum TTR was associ-
ated with improved cardiovascular outcomes in 
ATTRibute-CM [51], but whether this relation-
ship holds across different stabilizers remains 
unknown. Whereas acoramidis was associated 
with a larger reduction in cardiovascular hos-
pitalizations, tafamidis led to a greater relative 
reduction in mortality [12, 14]. While switch-
ing between stabilizers may be considered on 
an individualized basis, no definitive evidence 
favors one over the other at this time in the 
absence of head-to-head trials. Post hoc data 
from ATTRibute-CM showed a ~ 9 mg/dL rise in 
TTR with acoramidis, versus ~ 6 mg/dL in those 
on placebo or placebo-to-tafamidis. In the open-
label phase, switching from tafamidis to acora-
midis led to an additional ~ 3 mg/dL increase 
[52]. The clinical significance of these differ-
ences remains unclear.

Silencer to Silencer

TTR silencers have progressed from first-gener-
ation (patisiran) to second-generation agents 
(vutrisiran, eplontersen). While second-gener-
ation silencers theoretically achieved greater 
TTR knockdown in their respective phase III 
trials (~ 85–90% vs. ~ 80% with patisiran), head-
to-head comparisons are lacking, and it remains 
unclear whether this translates to improved 
clinical outcomes. [23]. Given that patisiran was 
denied FDA approval for use beyond ATTRv-pol-
yneuropathy, future direct comparisons between 
first- and second-generation silencers in cardio-
myopathy will be limited.

Stabilizer to Silencer

There is currently no direct evidence compar-
ing stabilizers to silencers, making it difficult 
to determine whether switching between these 
medication classes is beneficial. Retrospective 
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analysis from the ATTR-ACT trial suggests that 
patients with worsening NT-proBNP levels or 
cardiac symptoms despite tafamidis therapy may 
show clinical improvement when switched to 
patisiran [4]. However, these findings do not 
provide definitive guidance on when or how 
to transition from a stabilizer to a silencer and 
do not necessarily support routine transitions 
between stabilizers and silencers [3, 23]. Switch-
ing agents should be guided by disease progres-
sion, tolerability, and individualized patient 
considerations.

Combination Therapy

Combination therapy with both silencers and 
stabilizers has been proposed as a strategy to 
target complementary aspects of disease patho-
physiology [3, 10, 53]. Although second-gener-
ation silencers achieve substantial TTR knock-
down (~ 80–90%), residual circulating TTR may 
still misfold and contribute to fibril formation. 
This raises the possibility of a synergistic effect 
when combining therapies, but clinical benefits 
have not yet been established by current evi-
dence [23].

Recent phase III clinical trials have permitted 
the concomitant use of tafamidis but were not 
designed or powered to detect significant differ-
ences between monotherapy and combination 
therapy [5, 10, 14, 16, 23]. Subgroup analyses 
from APOLLO-B provide the most robust data on 
combination therapy to date; however, patisiran 
was not superior to placebo in improving 6MWT 
or KCCQ among patients receiving concurrent 
tafamidis [15]. Similarly, in ATTRibute-CM, 
14.9% of patients in the acoramidis group initi-
ated tafamidis after 12 months, but no benefit 
from combining stabilizers was observed [14]. 
In HELIOS-B, 40% of participants were taking 
tafamidis at baseline, and 22% of those receiving 
vutrisiran monotherapy started tafamidis dur-
ing follow-up. However, the trial design did not 
allow for valid comparisons between combina-
tion therapy and monotherapy due to the lack 
of randomization to tafamidis use [3, 16, 23].

Ongoing trials like CARDIO-TTRansform 
may answer this question, as they are designed 
to include subgroup analyses powered to assess 

combination therapy. Until more robust evi-
dence emerges, expert panels emphasize that 
monotherapy remains the standard of care due 
to the lack of supporting evidence for combina-
tion therapy and concerns about cost and acces-
sibility [3, 23].

DISCUSSION

The treatment landscape of ATTR-CM is evolv-
ing rapidly, with recent advances fundamentally 
changing disease management. Given the cur-
rent pace of development, treatment strategies 
will likely look very different in the next 3 to 
5 years. Current therapies focus on stabiliz-
ing TTR, reducing its synthesis, or promoting 
amyloid clearance, but it remains unclear how 
to best select, sequence, or combine them for 
individual patients. Optimizing therapy requires 
assessing treatment response, defining progres-
sion, and deciding when to adjust or escalate 
treatment.

Current markers of treatment response remain 
imperfect, raising the question of whether we 
are even measuring the right signals. Serum TTR 
levels have been proposed as a surrogate for sta-
bilizer efficacy, with larger increases correlating 
with better outcomes. In a cross-study compari-
son of ATTRibute-CM and ATTR-ACT, acoramidis 
led to a 39% increase in serum TTR at 12 months 
versus 30% with tafamidis [3]. TTR stabilization 
alone may not fully reflect treatment response, 
however, and whether these changes actu-
ally translate into meaningful clinical benefit 
remains unclear. Beyond total TTR levels, cir-
culating transthyretin amyloid aggregates have 
emerged as a possible marker of disease burden, 
correlating with amyloid load and declining 
with treatment [54]. If validated, this could 
provide a noninvasive way to estimate residual 
amyloid and determine whether escalation or 
a change in management approach is needed.

Defining progression in ATTR-CM is challeng-
ing. Trials rely on functional decline, biomark-
ers, and survival endpoints to demonstrate treat-
ment efficacy, but these do not always reflect 
the more subtle signs of worsening disease seen 
in clinical practice. Whether real-world markers 
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like diuretic dose escalation should be incorpo-
rated into broader staging systems is unclear, but 
in practice, it often signals an important change 
in a patient’s clinical status.

With more treatment options available for 
ATTR-CM, knowing when to switch or escalate 
therapy is becoming increasingly relevant. Cur-
rently, there are no standardized criteria to guide 
these decisions. While ongoing and upcoming 
trials will provide useful data, they may not 
answer many of the practical questions clini-
cians face, especially when managing patients 
with advanced disease or those already on 
disease-modifying therapy. A large-scale multi-
center amyloid registry could help fill this gap by 
providing long-term data on treatment response, 
patterns of treatment change, and whether com-
bination therapy improves outcomes compared 
to monotherapy. It could also capture the fac-
tors driving therapy changes, including symp-
toms, biomarkers, imaging, and patient prefer-
ences. Without clear real-world data to guide 
these decisions, clinicians risk both premature 
switching, if effective therapies are discontinued 
too soon, or missing the window for a necessary 
switch between therapeutic classes when a dif-
ferent approach could still impact the disease 
trajectory.

Looking ahead, ATTR-CM management may 
eventually shift from slowing disease progres-
sion to actively reversing it. Antibody-based 
depleters, such as ALXN2220, coramitug, and 
AT-02, offer the potential to remove existing 
amyloid rather than stabilizing TTR or reduc-
ing its production. What remains unknown is 
whether amyloid fibril removal translates to 
improved cardiac function and whether the 
immune response triggered by these antibody 
therapies contributes to fibrosis, potentially 
limiting their overall benefit. If these therapies 
prove effective, they could provide meaningful 
benefits even in those with more advanced dis-
ease. This approach may attenuate the conse-
quences of a late or delayed diagnosis, as these 
therapies may reverse the clinical course.

As the treatment landscape expands, clinical 
decision-making will need to evolve. A more 
individualized framework that combines bio-
markers, pragmatic clinical markers like ODI, 
and real-world data will be essential. ATTR-CM 

management is no longer a one-size-fits-all 
approach. The next few years will define not 
just which therapies are available, but how they 
are used.
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