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BACKGROUND: Transthyretin amyloidosis with cardiomyopathy is a progressive, fatal disease characterized by deposition of 
extracellular misfolded transthyretin (TTR) in the myocardium. Eplontersen is an N-acetylgalactosamine ligand–conjugated 
antisense oligonucleotide targeting hepatocyte TTR messenger RNA to reduce the production of circulating TTR.

METHODS: CARDIO-TTRansform is a Phase 3, randomized, double-blind, placebo-controlled trial to assess the efficacy and 
safety of eplontersen in transthyretin amyloidosis with cardiomyopathy. Key inclusion criteria include histological evidence 
of amyloid deposits or grade 2 to 3 cardiac uptake on cardiac scintigraphy in the absence of plasma cell dyscrasia, New 
York Heart Association class I–III, and end-diastolic interventricular septum thickness >12 millimeters. Participants were 
randomized 1:1 to receive eplontersen 45 mg or placebo, administered subcutaneously every 4 weeks for up to 140 weeks, 
followed by a 20-week post-treatment evaluation period or open-label extension. Participants received locally available 
standard of care, including unrestricted use of TTR stabilizers. The primary end point is a composite of cardiovascular 
mortality and recurrent clinical cardiovascular events through 140 weeks. Secondary end points, in order of testing hierarchy, 
include changes from baseline in 6-minute walk distance and Kansas City Cardiomyopathy Questionnaire overall summary 
score, recurrent cardiovascular events, all-cause mortality, the primary end point in the patient subgroup receiving stabilizers 
at baseline, and cardiovascular mortality. Echocardiography was performed in all participants, with cardiovascular magnetic 
resonance imaging and technetium scintigraphy in a subset.

CONCLUSIONS: CARDIO-TTRansform is fully enrolled, with 1432 randomized participants who were dosed with study drug 
or placebo. As the largest transthyretin amyloidosis with cardiomyopathy study to date, it will evaluate whether eplontersen 
improves cardiovascular outcomes in patients receiving locally available standard of care, including TTR stabilizers.

REGISTRATION: URL: https://www.clinicaltrials.gov; Unique identifier: NCT04136171. URL: http://ClinicalTrialsRegister.eu; 
Unique identifier: EudraCT number 2019-002835-27.
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Transthyretin amyloidosis (ATTR) is a systemic, pro-
gressive, irreversible, and life-threatening disease.1–4 
It is caused by the destabilization of the tetrameric 

structure of transthyretin (TTR), which dissociates into 
monomers or oligomers, that misfold and aggregate 
into insoluble amyloid fibril deposits causing organ 
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dysfunction.5 Circulating TTR is synthesized in the liver 
and is a physiological transport protein for retinol and 
thyroxine.6 ATTR amyloidosis is classified as either variant 
(ATTRv, previously known as hereditary), which is inher-
ited in an autosomal dominant fashion, or wild-type, which 
occurs secondary to an acquired. but as yet undefined, 
pathogenic process associated with aging.3,4 ATTRv 
amyloidosis can present with peripheral polyneuropathy 
(ATTRv-PN), cardiomyopathy (ATTRv-CM), or both, with 
the combination described as a mixed phenotype.7,8 Wild-
type ATTR cardiomyopathy is typically a disease of older 
individuals who predominantly have cardiac involvement, 
where neurological manifestations are uncommon or 
mild.3 Amyloid fibrils deposit in the extracellular space of 
the myocardium, leading to progressive increases in wall 
thickness and impaired relaxation that cause declines in 
cardiac function, physical activity, worsening symptoms 
of heart failure (HF), and impaired quality of life that can 
ultimately lead to recurrent cardiovascular events and, 

ultimately, death.9 Although classically described as a 
form of restrictive HF with preserved ejection fraction, 
development of systolic dysfunction is not uncommon.10 
While historically considered rare, diagnosis rates have 
increased worldwide, and it is evident that ATTR with car-
diomyopathy (ATTR-CM) is far more common than previ-
ously believed.9,11

Approved ATTR therapies are broadly categorized into 
2 main groups: TTR stabilizers and silencers.11–13 Stabiliz-
ers such as tafamidis14 and acoramidis15 reduce TTR dis-
sociation by stabilizing the tetrameric structure of the TTR 
protein, preventing amyloid accumulation.13 Both drugs 
are approved for the treatment of ATTR-CM.16,17 Silenc-
ers suppress TTR production by binding to and degrad-
ing TTR messenger RNA, thereby reducing production of 
circulating TTR.13 Currently 4 TTR silencers are approved 
to treat ATTRv-PN, including the antisense oligonucle-
otides (ASOs) inotersen18 and eplontersen,19 and the 
small interfering RNAs patisiran20 and vutrisiran;21 vutri-
siran has also been recently approved for ATTR-CM.21 
While no head-to-head trials have directly compared sta-
bilizers and silencers, current clinical consensus is that 
silencers are the preferred agents for those with ATTRv 
and a mixed phenotype given their benefit on polyneu-
ropathy.11 Other therapeutic approaches under investi-
gation include medications that deplete amyloid fibrils 
and CRISPR-Cas9–based gene-editing therapy,22,23 
but these have yet to demonstrate clinical benefit in a 
Phase 3 trial and are not currently approved by regula-
tory bodies.

Despite the recent advances in care, several unan-
swered questions remain regarding the clinical 

Nonstandard Abbreviations and Acronyms

6MWT	 6-Minute Walk Test
ASO	 antisense oligonucleotide
ATTR	 transthyretin amyloidosis
ATTR-CM	 �transthyretin amyloidosis with 

cardiomyopathy
ATTRv-PN	 �variant transthyretin amyloid 

polyneuropathy
CK-MB	 creatine kinase-muscle/brain fraction
hs-cTnT	 high-sensitivity cardiac troponin T
KCCQ	 �Kansas City Cardiomyopathy 

Questionnaire
LWYY	 Lin, Wei, Yang, and Ying
NT-proBNP	 �N-terminal pro-B-type natriuretic 

peptide
NYHA	 New York Heart Association
sST2	 �soluble suppression of 

tumorigenicity-2
TTR	 transthyretin

WHAT IS NEW?
•	 CARDIO-TTRansform is a Phase 3, randomized, 

double-blind, placebo-controlled trial evaluating the 
efficacy and safety of eplontersen in variant or wild-
type transthyretin amyloidosis with cardiomyopathy, 
a potentially fatal disease characterized by mis-
folded transthyretin amyloid deposits in the heart.

•	 CARDIO-TTRansform is the largest trial to date in 
transthyretin amyloidosis with cardiomyopathy and 
was conducted in a contemporary real-world set-
ting with unrestricted use of background stabilizer 
therapy.

•	 Eplontersen is an N-acetylgalactosamine–conju-
gated antisense oligonucleotide designed for tar-
geted delivery to the liver to reduce production of 
transthyretin.

WHAT ARE THE CLINICAL IMPLICATIONS?
•	 Results from CARDIO-TTRansform will demon-

strate whether eplontersen improves outcomes 
in patients receiving standard-of-care therapy for 
transthyretin amyloidosis with cardiomyopathy, 
including cardiovascular mortality, cardiovascu-
lar events (including hospitalization for myocardial 
infarction, heart failure, arrhythmia, or stroke; and 
heart failure-related urgent visits to the emergency 
department or heart failure clinics requiring admin-
istration of intravenous diuretics for improvement), 
exercise function, and health status.

•	 Changes in cardiac structure and function will be 
evaluated using echocardiography in all patients, 
and with cardiovascular magnetic resonance imag-
ing and scintigraphy in separate substudies.

•	 If successful, the results of CARDIO-TTRansform 
could support eplontersen as an important novel 
treatment option for patients with transthyretin amy-
loidosis with cardiomyopathy.
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management of ATTR-CM. First, whether silencers pro-
vide additional clinical benefits in the setting of contem-
porary use of background stabilizer therapy has not been 
definitively established; in the HELIOS-B trial of vutri-
siran patients not receiving stabilizer therapy at baseline 
were not permitted to initiate it within the first 12 months 
of the study, and the subgroup analysis of patients on a 
background of stabilizers was underpowered.24 Second, 
while ASO silencers are approved for ATTRv-PN, the 
efficacy of ASOs for ATTR-CM has not been determined. 
Finally, there is a need for a mechanistic understanding 
of the impact of TTR reduction on new amyloid load and 
its relationship to cardiac structure and function. These 
questions will be addressed by the CARDIO-TTRansform 
trial evaluating eplontersen, which also includes 2 sub-
studies to investigate the use of scintigraphy and cardio-
vascular magnetic resonance imaging for the longitudinal 
assessment of amyloid myocardial burden.

Eplontersen is a novel 2′-O-methoxyethyl- 
modified ASO that is conjugated to a triantennary N- 
acetylgalactosamine ligand for liver-specific targeting  
via asialoglycoprotein receptor-mediated uptake (Fig-
ure S1).25 A Phase 3 study, NEURO-TTRansform 
(NCT04136184), demonstrated that eplontersen pro-
duced sustained decreases in plasma TTR which halted 
neuropathic impairment and improved quality of life for 
patients with ATTRv-PN compared with a historical pla-
cebo group.26 Eplontersen was approved by the FDA for 
the treatment of ATTRv-PN in December 2023,19 and 
by the European Medicines Agency in March 2025,27 
and can be self-administered at-home with an autoin-
jector. An exploratory analysis of NEURO-TTRansform 
participants who had evidence of cardiac involvement 
suggested favorable changes in echocardiographic 
parameters associated with eplontersen treatment.28

This article discusses the design and rationale of the 
ongoing CARDIO-TTRansform trial evaluating eplont-
ersen as a therapy for ATTR-CM. Several unique features 
of the trial have the potential to advance our understanding 
of ATTR-CM prognosis and treatment; most importantly, 
CARDIO-TTRansform is the largest trial to date in ATTR-
CM and was conducted in a contemporary real-world set-
ting with unrestricted use of background stabilizer therapy.

METHODS
Data requests from qualified researchers will be considered 
once all 3 of the following criteria are met: (1) 12 months from 
marketing approval of the study drug in both the United States 
and the European Union; (2) 18 months from conclusion of the 
study; and (3) 6 months from the publication of this article. For 
additional information, visit https://vivli.org/ourmembers/ionis.

Study Design
CARDIO-TTRansform (NCT04136171) is a Phase 3, interna-
tional, multicenter, double-blind, randomized, placebo-controlled 

trial consisting of a screening period of up to 10 weeks, followed 
by randomization with a 140-week double-blind study period, 
and a 20-week post-treatment evaluation period (Figure 1). 
The trial is being conducted at 130 sites across 20 coun-
tries in North and South America, Europe, and Asia (Figure 2). 
Participants were randomized to receive eplontersen 45 mg 
or matching placebo by subcutaneous injection once every 4 
weeks for 140 weeks. This eplontersen dose was selected 
based on pharmacodynamic and safety analyses of the Phase 
1 study in healthy volunteers.29 Randomization (1:1) was strati-
fied by New York Heart Association (NYHA) functional class 
(I/II versus III), TTR variant status (variant versus wild-type), 
6-Minute Walk Test (6MWT) distance (≤350 m versus >350 m), 
and treatment with TTR stabilizer at the time of randomization 
(yes versus no). Following completion of the 140-week double-
blind treatment period, participants may either elect to enroll in 
an open-label extension study (NCT05667493) or end their 
participation with a 20-week post-treatment evaluation period 
(during which no study drug is administered).

Concomitant administration of local standard-of-care TTR 
stabilizer therapy for ATTR-CM (eg, tafamidis, tafamidis meglu-
mine, acoramidis) is allowed per the investigator’s recommen-
dation, if approved, available, and consistent with local clinical 
practice. Concomitant treatment with other ATTR-CM thera-
pies (ASOs, small interfering RNAs, diflunisal, or doxycycline) 
or medications typically contraindicated in ATTR-CM (including 
nondihydropyridine calcium-channel blockers, such as vera-
pamil and diltiazem) is prohibited. Participants are receiving 
supplemental doses of the recommended daily allowance of 
vitamin A, given the potential for disruption of vitamin A trans-
port, as transthyretin is a carrier of retinol.6,30 Periodic assess-
ment of symptomatic vitamin A deficiency using an ocular 
questionnaire is being conducted for all patients during the trial.

Cardiac imaging is performed locally and interpreted by cen-
tral core imaging laboratories (see Table S1 for further details). 
Echocardiography is performed in all study participants within 
the main trial, and participants are also offered both optional 
99m-technetium scintigraphy (99mTc-DPD, 99mTc-PYP, 
or 99mTc-HMDP) and cardiovascular magnetic resonance 
imaging as part of substudies NCT06073587 (CARDIO-
TTRansform Scintigraphy Sub-study) and NCT06073574 
(CARDIO-TTRansform Magnetic Resonance Imaging Sub-
study), respectively.

This study is being conducted according to the guidelines 
of the International Conference on Harmonization and in accor-
dance with all applicable regulatory requirements. All partici-
pants provided written consent before assessment of eligibility. 
The study protocol and any protocol amendments are subject 
to approval by the local institutional review boards and ethics 
committees. An independent Data Safety Monitoring Board has 
access to unblinded data. An independent Clinical Adjudication 
Committee, blinded to treatment allocation, is adjudicating 
deaths and cardiovascular clinical events.

Study Population
Inclusion/exclusion criteria are summarized in Table S2. The 
trial enrolled adults (≥18 years of age) who have mild or moder-
ate HF (NYHA functional class I–III) due to variant or wild-type 
ATTR-CM, as evidenced by a history of at least 1 HF hospitaliza-
tion or HF signs and symptoms requiring loop diuretic therapy. 

D
ow

nloaded from
 http://ahajournals.org by on June 30, 2026

https://www.ahajournals.org/doi/suppl/10.1161/CIRCHEARTFAILURE.126.014205
https://www.ahajournals.org/doi/suppl/10.1161/CIRCHEARTFAILURE.126.014205
https://vivli.org/ourmembers/ionis
https://www.ahajournals.org/doi/suppl/10.1161/CIRCHEARTFAILURE.126.014205
https://www.ahajournals.org/doi/suppl/10.1161/CIRCHEARTFAILURE.126.014205


732Circ Heart Fail. 2026;19:e014205. DOI: 10.1161/CIRCHEARTFAILURE.126.014205� June 2026

Masri et al Design of the CARDIO-TTRansform Trial in ATTR-CM

The diagnosis of ATTR-CM was established by the presence 
of ATTR amyloid deposits in cardiac or noncardiac tissue con-
firmed by Congo Red (or equivalent) staining OR technetium 
scintigraphy with Grade 2 or 3 cardiac uptake in the absence 
of an abnormal light chain ratio, centrally confirmed. Patients 
were excluded if they had monoclonal gammopathy of unde-
termined significance and alterations in immunoglobulin free 
light chain ratio (after accounting for renal function), unless fat, 
bone marrow, or heart biopsy confirmed the absence of light 
chain and the presence of TTR protein by mass spectrometry 
or immunoelectron microscopy. Eligible participants must have 
had confirmed cardiac involvement based on left ventricular 
end-diastolic interventricular septum thickness of >12 mm on 
a screening echocardiogram, N-terminal pro-B-type natriuretic 
peptide (NT-proBNP) concentration of ≥600 pg/mL (or ≥1200 
pg/mL if the patient is in atrial fibrillation), and demonstrated 
the ability to walk ≥100 meters on the 6MWT. Other inclusion 
criteria consisted of a willingness to undergo genetic testing for 
TTR gene variants during screening if not previously performed, 
and, if being treated with HF medications, participants must 
have received stable doses for 2 weeks before randomization. 
Individuals with alanine aminotransferase or aspartate amino-
transferase >2.0× the upper limit of normal, total bilirubin ≥2.0× 
the upper limit of normal, platelet count below 125 × 109/L, 
estimated glomerular filtration rate <30 mL/min per 1.73 m2 
(<45 mL/min per 1.73 m2 in France, Spain, and Denmark), and 
urine protein creatinine ratio ≥750 mg/g at screening were not 
eligible for enrollment. Recipients of liver or heart transplant 

and left ventricular assist device (or if transplantation or left 
ventricular assist device were planned within 1 year after ran-
domization) were excluded.

Analytical Data Sets
Efficacy end points are evaluated using the Full Analysis Set, 
defined as all randomized patients who received at least 1 dose 
of blinded study drug and who had at least 1 post-baseline 
primary efficacy assessment or 1 post-baseline study visit. 
Safety is evaluated using the Safety Analysis Set, defined as all 
patients who were randomized and received at least 1 dose of 
blinded study drug.

Trial End Points
The primary end point is a composite of cardiovascular mor-
tality and recurrent cardiovascular clinical events assessed up 
to Week 140. Cardiovascular clinical events in the composite 
end point include hospitalization for any of the following: HF 
exacerbation, myocardial infarction, stroke, transient ischemic 
attack, and arrhythmia; and HF-related urgent, nonscheduled 
visits to emergency departments or outpatient HF clinics 
requiring administration of intravenous diuretics for manage-
ment according to standardized definitions.31

Secondary end points, in order of formal testing hierar-
chy, are: (1) changes from baseline in the 6MWT distance (to 
assess exercise function) and (2) Kansas City Cardiomyopathy 
Questionnaire (KCCQ)-Overall Summary Score (to assess 

Figure 1. Study design of the CARDIO-TTRansform trial.
*Locally approved and available treatments for ATTR-CM (e.g., tafamidis, tafamidis meglumine, acoramidis). †Patients stratified by New York 
Heart Association Functional Classification (I and II vs. III), TTR status (variant vs wild-type), 6MWT distance (≤350 m vs >350 m), and 
treatment at baseline with TTR stabilizer (Yes vs No). ‡Primary endpoint at Week 140. §Up to 36 months or until after eplontersen is approved 
and available in the site’s country. If eplontersen is not yet available after 36 months, the participant may continue to participate in the study 
(under an abbreviated monitoring schedule) until they complete an additional 36 months or eplontersen becomes commercially available in the 
site’s country or the last participant completes 36 months. ¶CV clinical events include hospitalization for myocardial infarction, hospitalization 
for heart failure (HF), hospitalization for arrhythmia, hospitalization for stroke/transient ischemic attacks, HF urgent visits to emergency 
department or HF clinics requiring administration of intravenous diuretics for improvement. KCCQ-OS indicates Kansas City Cardiomyopathy 
Questionnaire-Overall Summary; OLE, open-label extension; SoC, standard of care; and SC, subcutaneous.
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patient-reported health status and health-related quality of life) 
at Week 140, (3) recurrent cardiovascular clinical events up 
to Week 140, (4) all-cause mortality, (5) effect on the primary 
end point up to Week 140 within the subgroup of participants 
who received TTR stabilizer at baseline, and (6) cardiovascular 
mortality. All-cause and cardiovascular mortality end points are 
tested first up to Week 160, and then up to Week 140; the for-
mer timepoint was selected to allow more events to be included 
to improve the power and precision of the treatment effect 
estimates. Ascertainment of vital status up to Week 140 is 
obtained from the double-blind period, and vital status between 
Week 140 and Week 160 is obtained from fatal events in 
either the open-label extension study or the 20-week post-
treatment evaluation period. Exploratory end points include 
echocardiographic assessments of cardiac structure and func-
tion, cardiac biomarkers (NT-proBNP, high-sensitivity cardiac 
troponin T [hs-cTnT], creatine kinase-muscle/brain fraction 
[CK-MB], galectin-3, and soluble suppression of tumorigenicity- 
2 [sST2]), renal function (estimated glomerular filtration rate), 
NYHA functional class, patient-reported and quality-of-life 
outcomes, and eplontersen pharmacokinetics and immuno-
genicity. In patients with hereditary ATTR-CM, exploratory end 
points include lower-limb function and the 10-meter walk test. 
Changes in amyloid myocardial burden assessed by extra-
cellular volume by cardiovascular magnetic resonance and 
changes in cardiac uptake by technetium-99 bone scintigraphy 
(99mTc-DPD, 99mTc-PYP, or 99mTc-HMDP) will be assessed 
in optional imaging substudies.

Safety assessments include adverse events, clinical labora-
tory measures (eg, blood and urine), vital signs, and electrocar-
diographic changes.

Statistical Analysis

The primary end point is a composite of cardiovascular mortal-
ity and recurrent cardiovascular clinical events over a 140-week 
treatment period. The treatment effect is estimated using the 
semiparametric proportional rates method (Lin, Wei, Yang, and 
Ying [LWYY]),32 which is equivalent to the stratified Anderson-Gill 
model using a robust variance estimator to account for within-
participant correlations.33 The primary end point model includes 
treatment group with the 4 randomization stratification factors 
(NYHA functional class, TTR variant status, 6MWT distance, 
treatment with TTR stabilizer at baseline) and log NT-proBNP as 
covariates. Time-to-first event analyses for the primary compos-
ite end point will also be conducted as sensitivity analyses using 
Cox proportional hazards models34 with the same covariates, and 
displayed by treatment group using Kaplan-Meier survival curves.

Organ transplantation (ie, heart) or implantation of a non-
temporary mechanical circulatory support (ie, ventricular assist 
device, total artificial heart) is considered as cardiovascular 
death in the primary efficacy analysis. Events adjudicated by 
the Clinical Adjudication Committee as undetermined or inde-
terminate causes of death are categorized as cardiovascular 
death in the primary efficacy analysis, similar to other trials,15,24 
as the majority of deaths in patients with ATTR-CM are due to 
a cardiovascular etiology.35

If the null hypothesis is rejected for the primary composite 
end point, then formal prespecified testing of secondary end 
points will occur sequentially at an α level of 0.05 in the order 
described in Figure 1.

The statistical approaches used to evaluate secondary end 
points are as follows:

Figure 2. Countries enrolling in CARDIO-TTRansform.
Countries colored dark blue are those enrolling in CARDIO-TTRansform. UK indicates United Kingdom; and USA, United States of America.
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•	 The change from baseline to the Week 140 study visit 
in 6MWT distance and KCCQ Overall Summary Score 
is analyzed using an ANCOVA model that includes the 
4 randomization stratification factors as covariates for 
KCCQ Overall Summary Score but excludes the baseline 
6MWT distance stratification factor for analysis of 6MWT 
distance change, with the addition of the baseline value 
of 6MWT distance or KCCQ Overall Summary Score, and 
an interaction term of TTR stabilizer treatment at baseline 
with the treatment group.

•	 Recurrent cardiovascular clinical events are analyzed 
using an LWYY model identical to the model analyzing 
the primary end point.

•	 The analysis of the primary end point in the subgroup of 
patients using TTR stabilizer at baseline uses an LWYY 
model with 3 randomization stratification factors (NYHA 
functional class, TTR variant status, 6MWT distance) and 
log-transformed NT-proBNP as covariates.

•	 All-cause and cardiovascular mortality up to 160 weeks and 
140 weeks are analyzed using Cox proportional hazards 
models34 with the 4 randomization stratification factors and 
log-transformed NT-proBNP as covariates and displayed by 
treatment group using Kaplan-Meier survival curves.

Prespecified subgroup analyses for primary and secondary effi-
cacy end points include NYHA functional classification, variant 
versus wild-type TTR status, baseline treatment with TTR stabi-
lizer, region (North America, Europe, and the rest of the world), 
age (<65 years, 65–74 years, ≥75 years), and sex.

Amendments to the original study protocol increased the 
sample size from the initial 700 participants to 1000 partici-
pants, and extended the treatment period from 120 weeks 
to 140 weeks, due to emerging evidence that event rates 
appeared to be declining in contemporary populations of 
patients with ATTR-CM.36 The minimum 6MWT distance at 
screening was decreased from 150 to 100 meters to include 
more participants with severe disease.

A subsequent protocol amendment increased the sample 
size from 1000 to 1400 participants due to updated projected 
event rates based on blinded events from the ongoing trial. 
The power calculation assumed a cardiovascular death rate of 
8.7% for the placebo group during the 140-week period and 
0.476 cardiovascular clinical events per patient for the placebo 
group during the 140-week period. A sample size of 1400 par-
ticipants is expected to provide ≈85% power to test a 20% 
reduction in the primary composite end point with eplontersen 
treatment compared with placebo at a significance level (α) of 
0.05 (2-sided test) with a treatment duration of 140 weeks, 
accounting for a 5% to 10% dropout rate.14 In the final proto-
col, the secondary end points were revised to include all-cause 
and cardiovascular death up to Week 160, to provide a more 
precise estimate of eplontersen treatment effect, and formal 
testing of the primary composite end point in the subgroup of 
patients who received TTR stabilizer at baseline, to specifically 
examine the effect of eplontersen in the patient population 
receiving standard-of-care TTR stabilizer.

DISCUSSION
The CARDIO-TTRansform trial is the first random-
ized, placebo-controlled, Phase 3 study to evaluate the 

efficacy and safety of an ASO-based TTR silencer for 
patients with ATTR-CM. Several key features of the 
trial position it as a landmark contribution to the field 
and need to be highlighted. First, 1432 patients have 
been randomized and received study drug, making it the 
largest trial in ATTR-CM to date, and it is also expected 
to have enrolled the highest number of patients with 
ATTRv-CM. Second, CARDIO-TTRansform allows for 
the enrollment of older patients up to 90 years of age, 
which is of particular relevance given the established 
association of wild-type ATTR with cardiomyopathy 
with advanced age. Third, given both the size of the trial 
and the time period during which it is being conducted,  
CARDIO-TTRansform will provide the most comprehen-
sive evaluation of TTR silencer therapy on top of con-
temporary standard of care, including unrestricted use of 
TTR stabilizers. This will allow for estimates of treatment 
effect in the population receiving standard-of- care sta-
bilizer therapy, unlike other silencer trials of ATTR-CM 
that limited the use of open-label stabilizers during the 
study and thus may be less representative of current 
clinical practice.24,37 Fourth, the trial, by nature of its lack 
of restriction on NT-proBNP upper limits and by allow-
ing National Amyloidosis Center stage 3 patients with 
NYHA class III, includes a wider range of disease sever-
ity than other recent trials. Fifth, another strength of the 
trial is the inclusion of cardiovascular mortality, rather 
than all-cause mortality, in the composite primary end 
point, unlike other ATTR-CM trials.14,15,24 By excluding 
deaths from polyneuropathy-related causes in patients 
with ATTR-mixed disease phenotypes,38 this end point 
more optimally assesses the cardiovascular-specific 
benefit of eplontersen. Finally, an additional feature of 
note is the longitudinal assessment with cardiovascu-
lar magnetic resonance imaging and 99m technetium 
scintigraphy.

Including urgent HF visits (ie, urgent visits to the 
emergency room or unscheduled outpatient HF clin-
ics requiring administration of intravenous diuretics), in 
addition to cardiovascular hospitalizations, in the com-
posite end point in the CARDIO-TTRansform trial will 
result in a broad assessment of cardiovascular efficacy. 
Urgent HF visits represent an important marker of dis-
ease progression upstream of an HF hospitalization, 
and focusing only on hospital admissions likely under-
estimates the actual burden of worsening disease. 
Inclusion of urgent HF visits captures a wider spectrum 
of clinically meaningful events that is agnostic to loca-
tion of care, especially as many health care systems 
increasingly transfer acute HF care to outpatient set-
tings due to nonbiological reasons such as economic 
factors or availability.39

Due to the heterogeneity of ATTR-CM, randomization 
in the trial was stratified on several well-established prog-
nostic factors: variant TTR status, NYHA functional class, 
6MWT distance, and baseline TTR stabilizer treatment. 
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Patients with variant ATTR cardiomyopathy are known to 
have worse survival compared with those with wild-type 
disease, despite their younger age.3 Because functional 
capacity is associated with poorer outcomes in ATTR-
CM, stratification included both NYHA class (as a clinical 
assessment of functional status)40 and 6MWT distance 
(as a reproducible, objective assessment of functional 
capacity).41 The 350-meter threshold for 6MWT distance 
was selected, as it was the mean baseline distance 
observed in the tafamidis arm of the ATTR-ACT (Tafami-
dis in Transthyretin Cardiomyopathy Clinical Trial) trial;14 
this value is confirmed by recent data demonstrating 
that a 6MWT distance of <350 meters is independently 
associated with an increased risk of mortality that is con-
sistent across different genotypes and disease stages.42 
In addition, since 6MWT distance is an important sec-
ondary end point—and could be affected by neuropathic 
manifestations of ATTR—it was critical to ensure that the 
treatment and placebo groups were balanced at base-
line. To adequately assess changes in 6MWT distance 
over time, only patients who were able to walk at least 
100 meters at baseline were eligible for inclusion; this 
minimum distance ensured there was sufficient poten-
tial for measurable change in walking capacity during the 
study.

Cardiac biomarkers (NT-proBNP, troponin) were mea-
sured at baseline and throughout the trial and represent 
important exploratory end points. Notably, in contrast to 
other trials,15,24 there is no upper limit of cardiac biomarkers 
(eg, NT-proBNP) or National Amyloidosis Center stage 
used to exclude patients from CARDIO-TTRansform  
(and ATTR-ACT),14 and thus this trial will be able to 
assess the impact of eplontersen across a wide range of 
disease severity, including patients with advanced cardiac 
disease who are at the highest risk of early mortality.43

Statistical design features are intended to optimize 
study interpretability and clinical relevance. The compos-
ite end point of cardiovascular mortality and recurrent 
cardiovascular clinical events will be estimated using the 
LWYY method, an extension of Cox proportional hazards 
regression to evaluate the effect of treatment on recur-
rent events that has an advantage over the time-to-first 
event method in capturing how treatment affects total 
disease burden.33 This approach allows for the accom-
modation of the total burden of recurrent events that are 
important to both patients and clinicians.33 Since a lower 
mortality rate is expected than observed in the ATTR-
ACT study,14 the LWYY method will consider the contem-
porary clinical scenario where recurrent cardiovascular 
hospitalizations likely play a more prominent role.14,15,44

Cardiovascular-related and all-cause deaths will be 
formally tested at the end of the double-blind period 
(at 140 weeks). The observation that deaths appeared 
to accrue nonlinearly led to end point extension to 160 
weeks as a separate secondary end point, allowing more 
events to be included in the analyses of mortality end 

points and thereby likely improving the precision of treat-
ment effect estimates. Prior ATTR-CM trials suggest 
that the benefit from ATTR therapy on mortality would 
be delayed,14,15,24 and it would be unlikely that a substan-
tial mortality benefit would be observed during the first 
20 weeks in patients who were originally randomized to 
receive placebo and subsequently received eplontersen 
in the open-label extension period. A similar approach to 
incorporating open-label extension data to assess mor-
tality was used in the HELIOS-B trial.24

Eplontersen is well tolerated, as demonstrated 
by its safety profile in the Phase 1 program29 and 
Phase 3 NEURO-TTRansform study.26 As a class, N- 
acetylgalactosamine–linked 2′-O-methoxyethyl-modified  
ASOs have excellent tolerability, as observed in both 
Phase 145 and Phase 2 studies,46,47 with no adverse liver, 
kidney, or hematologic findings.45,47–49 The main differ-
ence in safety and tolerability between ASOs with and 
without N-acetylgalactosamine conjugation is due to the 
ability to use lower doses of conjugated ASOs to achieve 
comparable pharmacology, thereby reducing systemic 
exposure and potential safety issues.29,45,48

Eplontersen is the only TTR silencer available via 
autoinjector, enabling convenient at-home dosing by 
patients or caregivers and reducing reliance on in‑clinic 
visits. This delivery approach is designed to lower treat-
ment burden and support adherence. The pivotal trial and 
open-label extension will provide evidence on study drug 
adherence and successful autoinjector use in patients 
with ATTR-CM.

In conclusion, CARDIO-TTRansform is expected to 
provide definitive evidence as to the clinical benefits of 
silencing TTR production with eplontersen therapy in 
a contemporary population of patients with ATTR-CM 
who receive locally available standard-of-care therapy, 
including real-world use of TTR stabilizers. The design 
elements of the trial, including its distinction as the larg-
est ATTR-CM trial conducted thus far and the common 
use of stabilizers at baseline, are anticipated to gener-
ate new insights into the clinical impact of a novel TTR-
silencing therapy for both variant and wild-type ATTR 
cardiomyopathy.

ARTICLE INFORMATION
Affiliations
Division of Cardiovascular Medicine, Oregon Health and Sciences University, 
Portland (A.M.). Tuscan Regional Amyloidosis Center, Department of Clinical and 
Experimental Medicine, University Hospital Careggi, Florence, Italy (F.C.). Division 
of Cardiology, University of British Columbia, Vancouver, Canada (M.K.D.). Na-
tional Amyloidosis Centre, Division of Medicine, University College London, Royal 
Free Hospital, United Kingdom (M.F., J.D.G.). Department of Cardiology, Hospital 
Universitario Puerta de Hierro Majadahonda, IDIPHISA, CIBERCV and Centro 
Nacional de Investigaciones Cardiovasculares (CNIC), Madrid, Spain (P.G.-P.). 
Department of Cardiovascular Medicine, Cleveland Clinic, OH (M.H.). Amyloidosis 
Research and Treatment Centre, IRCCS Fondazione Policlinico San Matteo, Pa-
via, Italy (L.O.). Cardiovascular Division, Brigham and Women’s Hospital, Boston, 
MA (S.D.S.). Saint Luke’s Mid America Heart Institute, Kansas City, MO (B.W.S.). 
Division of Cardiovascular Medicine, Department of Medicine, Kurume University 

D
ow

nloaded from
 http://ahajournals.org by on June 30, 2026



736Circ Heart Fail. 2026;19:e014205. DOI: 10.1161/CIRCHEARTFAILURE.126.014205� June 2026

Masri et al Design of the CARDIO-TTRansform Trial in ATTR-CM

School of Medicine, Japan (N.T.). Centro de Paramiloidose Antônio Rodrigues de 
Mello (CEPARM), Amyloidosis Center, University Hospital, Federal University of 
Rio de Janeiro, Brazil (M.W.–C.). Amyloidosis Center, University of Heidelberg, Ger-
many (A.V.K.). Harvard Medical School and Brigham and Women’s Hospital, Bos-
ton, MA (R.H.F.). Northwestern University Feinberg School of Medicine, Chicago, 
IL (S.J.S.). Mayo Clinic, Jacksonville, FL (J.N.-N.). Ionis Pharmaceuticals, Inc., Carls-
bad, CA (N.J.V., Q.Y., S.T.). Late-Stage Clinical Development, Cardiovascular, Renal 
and Metabolism (CVRM), BioPharmaceuticals R&D, AstraZeneca, Gaithersburg, 
MA (J.C.). Columbia University Irving Medical Center, New York, NY (M.S.M.). Amy-
loidosis Center, Complexo Hospitalar Américas-Samaritano-Vitória, Rio de Janeiro, 
Brazil (M.W.–C.). Cardiovascular Center Darmstadt, Germany (A.V.K.).

Acknowledgments
The authors would like to thank the patients, their families, and the CARDIO-
TTRansform investigators for their invaluable contributions. The authors acknowl-
edge the following individuals for their technical and intellectual contributions to 
the study: Gustavo Buchele MD, PhD; Michela Brambatti, MD, MS; Li-Jung Tai, 
MD, PhD, an employee of Ionis Pharmaceuticals, Inc., at the time of this work; 
Cecilia Monteiro, MD, PhD, an employee of Ionis Pharmaceuticals, Inc., at the 
time of this work; Ewa Karwatowska-Prokopczuk, MD, PhD; Eugene Schneider, 
MD; Richard S. Geary, MD; and Brett P. Monia, PhD, of Ionis Pharmaceuticals, 
Inc, Carlsbad CA, USA; and Louis St. L. O’Dea, MB, BCh, an employee of Akcea 
Therapeutics at the time of this work, Boston, MA, USA. In particular, the authors 
acknowledge Merrill Benson, MD (deceased), of the Indiana University School of 
Medicine for his substantial input into the design of this trial.

Sources of Funding
This study was supported by Ionis Pharmaceuticals, Inc and AstraZeneca. Medical 
writing and editing support for the development of this article, under the direc-
tion and guidance of the authors, was provided by Karen Yee, PhD, of Ashfield 
MedComms (London, UK), an Inizio Company, in accordance with Good Publica-
tion Practice (GPP) guidelines (http://www.ismpp.org/gpp-2022), and funded by 
AstraZeneca.

Disclosures
Dr Masri reports consulting fees from Cytokinetics, BridgeBio, Pfizer, Ionis, Lexi-
con, Attralus, Alnylam, Haya, Alexion, Akros, Edgewise, Rocket, Lexeo, Prothena, 
BioMarin, AstraZeneca, Avidity, and Neurimmune; and grants/funds from Pfizer, 
Attralus, Cytokinetics, and Janssen. Dr Cappelli reports consultancy fees from 
Alnylam, Bayer, BridgeBio Pharma, AstraZeneca, Novo Nordisk, Bristol Myers 
Squibb, and Pfizer. Dr Davis reports honoraria from Alnylam, AstraZeneca, Bayer, 
Novo Nordisk, and Pfizer; consulting fees from Alnylam, Anthos, AstraZeneca, 
Bayer, BridgeBio, Novo Nordisk, and Pfizer; and research funding from Pfizer. Dr 
Fontana reports consulting fees for Alnylam, Alexion/Caelum Biosciences, As-
traZeneca, BridgeBio/Eidos, Prothena, Attralus, Intellia Therapeutics, Ionis Phar-
maceuticals, Cardior, Lexeo Therapeutics, Janssen Pharmaceuticals, Prothena, 
Pfizer, Novo Nordisk, Bayer and MyCardium AI; research grants from Alnylam, 
BridgeBio, AstraZeneca, and Pfizer; and share options in Lexeo Therapeutics and 
shares in MyCardium AI. Dr Garcia-Pavia reports honoraria from Alnylam Phar-
maceuticals, AstraZeneca, Bayer, BridgeBio, Intellia, Ionis Pharmaceuticals, Novo 
Nordisk, and Pfizer; consulting fees from Alexion, Alnylam Pharmaceuticals, As-
traZeneca, Attralus, Bayer, BridgeBio, Intellia, Ionis Pharmaceuticals, Life Molecu-
lar Imaging, Pfizer, Neuroimmune, and Novo Nordisk; and research/educational 
support to his institution from Alnylam Pharmaceuticals, AstraZeneca, Bayer, 
BridgeBio, Intellia, Novo Nordisk, and Pfizer. Dr Gillmore reports consultancy fees 
from Alnylam, AstraZeneca, Alexion, Attralus, BridgeBio, Bayer, Ionis, Intellia, and 
Pfizer; and institutional grants from Alnylam and AstraZeneca. Dr Hanna reports 
consulting fees from Pfizer, Ionis, BridgeBio, Alnylam, Alexion, and Novo Nordisk. 
Dr Obici reports speaker honoraria from Alnylam, AstraZeneca, Bayer, Bridge-
Bio, Novo Nordisk, Intellia, Medison, Purpose Pharma, and Pfizer; and consulting 
fees from Alnylam, AstraZeneca, Bayer, BridgeBio, Novo Nordisk, Intellia, Purpose 
Pharma, and Pfizer. Dr Solomon reports research grants from Alexion, Alnylam, 
AstraZeneca, Bellerophon, Bayer, BMS, Cytokinetics, Eidos, Gossamer, GSK, Io-
nis, Lilly, MyoKardia, National Institutes of Health (NIH)/National Heart, Lung, and 
Blood Institute (NHLBI), Novartis, Novo Nordisk, Respicardia, Sanofi Pasteur, and 
Theracos; and has consulted for Abbott, Action, Akros, Alexion, Alnylam, Amgen, 
Arena, AstraZeneca, Bayer, Boehringer-Ingelheim, BMS, Cardior, Cardurion, Cor-
via, Cytokinetics, Daiichi-Sankyo, GSK, Lilly, Merck, MyoKardia, Novartis, Roche, 
Theracos, Quantum Genomics, Cardurion, Janssen, Cardiac Dimensions, Tenaya, 
Sanofi Pasteur, Dinaqor, Tremeau, CellProThera, Moderna, American Regent, 
Sarepta, Lexicon, Anacardio, Akros, and Valo. Dr. Sperry reports professional fees 
from AstraZeneca, Pfizer, Alnylam, and BridgeBio. Dr Tahara reports honoraria 
and consulting fees from Pfizer, Alnylam and Alexion; and serves as an advisor 
for AstraZeneca. Dr Waddington–Cruz reports consulting fees from Pfizer, Astra-

Zeneca, Alnylam, Intellia, Ionis, and PTC Therapeutics; and serves as an advisor 
for Pfizer, AstraZeneca, Alnylam, Ionis, and Novo Nordisk. Dr Falk is a consultant 
for Alexion, Alnylam, and Pfizer; and a member of the Data and Safety Monitor-
ing Committee for Novo Nordisk. Dr Shah reports consulting fees from Pfizer, 
Alnylam, BridgeBio, Ionis, and Novo Nordisk; and grants and funds from Alnylam, 
BridgeBio, and Amyloid Research Consortium. Dr Nativi-Nicolau reports research 
grants and funds from Pfizer, BridgeBio, Ionis, Alnylam, Alexion, and Intellia. Dr 
Tsimikas, N.J. Viney, and Dr Yang are employees of, and hold stock/stock op-
tions in Ionis Pharmaceuticals. Dr Chen is an employee of, and holds stock/stock 
options in AstraZeneca. Dr Maurer reports consulting fees for Alnylam, Astra-
Zeneca, Bayer, BridgeBio, Novo Nordisk, Intellia, Purpose Pharma, and Pfizer; 
has received grants/funds from the NIH (R01HL177670 and R01AG081582), 
Alnylam Pharmaceuticals, Attralus, BridgeBio, Intellia Therapeutics, Ionis Pharma-
ceuticals, and Pfizer; and serves as an advisor for Alnylam, AstraZeneca, Attralus, 
Bayer, BridgeBio, Intellia, Ionis, Novo Nordisk, and Pfizer. The other author reports 
no conflicts.

Supplemental Material
Tables S1–S2
Figure S1

REFERENCES
	 1.	 Plante-Bordeneuve V, Said G. Familial amyloid polyneuropathy. Lancet Neu-

rol. 2011;10:1086–1097. doi: 10.1016/S1474-4422(11)70246-0
	 2.	 Adams D, Sekijima Y, Conceicao I, Waddington-Cruz M, Polydefkis M, 

Echaniz-Laguna A, Reilly MM. Hereditary transthyretin amyloid neuropa-
thies: advances in pathophysiology, biomarkers, and treatment. Lancet Neu-
rol. 2023;22:1061–1074. doi: 10.1016/S1474-4422(23)00334-4

	 3.	 Ruberg FL, Grogan M, Hanna M, Kelly JW, Maurer MS. Transthyretin 
amyloid cardiomyopathy: JACC state-of-the-art review. J Am Coll Cardiol. 
2019;73:2872–2891. doi: 10.1016/j.jacc.2019.04.003

	 4.	 Ruberg FL, Maurer MS. Cardiac amyloidosis due to transthyretin protein: a 
review. JAMA. 2024;331:778–791. doi: 10.1001/jama.2024.0442

	 5.	 Kelly JW, Colon W, Lai Z, Lashuel HA, McCulloch J, McCutchen SL, Miroy GJ, 
Peterson SA. Transthyretin quaternary and tertiary structural changes facili-
tate misassembly into amyloid. Adv Protein Chem. 1997;50:161–181. doi: 
10.1016/s0065-3233(08)60321-6

	 6.	 Hamilton JA, Benson MD. Transthyretin: a review from a structural perspec-
tive. Cell Mol Life Sci. 2001;58:1491–1521. doi: 10.1007/PL00000791

	 7.	 Carvalho E, Dias A, Coelho T, Sousa A, Alves-Ferreira M, Santos M, 
Lemos C. Hereditary transthyretin amyloidosis: a myriad of factors that 
influence phenotypic variability. J Neurol. 2024;271:5746–5761. doi: 
10.1007/s00415-024-12509-8

	 8.	 Gonzalez-Moreno J, Dispenzieri A, Grogan M, Coelho T, Tournev I, 
Waddington-Cruz M, Wixner J, Diemberger I, Garcia-Pavia P, Chapman D, et 
al; THAOS investigators. Clinical and genotype characteristics and symptom 
migration in patients with mixed phenotype transthyretin amyloidosis from 
the transthyretin amyloidosis outcomes survey. Cardiol Ther. 2024;13:117–
135. doi: 10.1007/s40119-023-00344-3

	 9.	 Lane T, Fontana M, Martinez-Naharro A, Quarta CC, Whelan CJ, Petrie A, 
Rowczenio DM, Gilbertson JA, Hutt DF, Rezk T, et al. Natural history, qual-
ity of life, and outcome in cardiac transthyretin amyloidosis. Circulation. 
2019;140:16–26. doi: 10.1161/CIRCULATIONAHA.118.038169

	10.	 Saef J, Martyn T, Ray DA, Khedraki R, Ives L, Collier P, Jaber WA, Estep JD, 
Hanna M, Tang WHW. Changes in left ventricular ejection fraction and clini-
cal trajectories of transthyretin cardiac amyloidosis with systolic dysfunction. 
J Clin Med. 2023;12:7250. doi: 10.3390/jcm12237250

	11.	 Kittleson MM, Ambardekar AV, Cheng RK, Griffin JM, Maurer MS, 
Nativi-Nicolau J, Ruberg FL; Writing Committee. Transthyretin cardiac amy-
loidosis evaluation and management: 2025 ACC concise clinical guidance. 
J Am Coll Cardiol. 2026;87:549–565. doi: 10.1016/j.jacc.2025.09.004

	12.	 Fontana M, Ioannou A, Cuddy S, Dorbala S, Masri A, Moon JC, Singh V, 
Clerc O, Hanna M, Ruberg F, et al. The last decade in cardiac amyloidosis: 
advances in understanding pathophysiology, diagnosis and quantification, 
prognosis, treatment strategies, and monitoring response. JACC Cardiovasc 
Imaging. 2025;18:478–499. doi: 10.1016/j.jcmg.2024.10.011

	13.	 Muller ML, Butler J, Heidecker B. Emerging therapies in transthyretin amy-
loidosis - a new wave of hope after years of stagnancy? Eur J Heart Fail. 
2020;22:39–53. doi: 10.1002/ejhf.1695

	14.	 Maurer MS, Schwartz JH, Gundapaneni B, Elliott PM, Merlini G, 
Waddington-Cruz M, Kristen AV, Grogan M, Witteles R, Damy T, et al; ATTR-
ACT Study Investigators. Tafamidis treatment for patients with transthyretin 

D
ow

nloaded from
 http://ahajournals.org by on June 30, 2026

http://www.ismpp.org/gpp-2022


Masri et al Design of the CARDIO-TTRansform Trial in ATTR-CM

737Circ Heart Fail. 2026;19:e014205. DOI: 10.1161/CIRCHEARTFAILURE.126.014205� June 2026

amyloid cardiomyopathy. N Engl J Med. 2018;379:1007–1016. doi: 
10.1056/NEJMoa1805689

	15.	 Gillmore JD, Judge DP, Cappelli F, Fontana M, Garcia-Pavia P, Gibbs S, 
Grogan M, Hanna M, Hoffman J, Masri A, et al; ATTRibute-CM Investigators. 
Efficacy and safety of acoramidis in transthyretin amyloid cardiomyopathy. 
N Engl J Med. 2024;390:132–142. doi: 10.1056/NEJMoa2305434

	16.	 Vyndaqel (tafamidis meglumine) and Vyndamax (tafamidis). Prescribing infor-
mation. Pfizer, 2025. Accessed December 16, 2025. https://www.fda.gov/
media/126283/download

	17.	 Attruby (acoramidis). Prescribing information. BridgeBio Pharma, 2025. 
Accessed December 16, 2025. https://attruby.com/attruby-prescribing-
information.pdf

	18.	 Benson MD, Waddington-Cruz M, Berk JL, Polydefkis M, Dyck PJ, Wang AK, 
Plante-Bordeneuve V, Barroso FA, Merlini G, Obici L, et al. Inotersen treat-
ment for patients with hereditary transthyretin amyloidosis. N Engl J Med. 
2018;379:22–31. doi: 10.1056/NEJMoa1716793

	19.	 Wainua (eplontersen). Prescribing information. Ionis Pharmaceuticals and 
AstraZeneca, 2025. Accessed December 16, 2025. https://www.access-
data.fda.gov/drugsatfda docs/label/2023/217388s000lbl.pdf

	20.	 Onpattro (patisiran). Prescribing information. Alnylam Pharmaceuticals, 2025. 
Accessed December 16, 2025. https://www.accessdata.fda.gov/drug-
satfda_docs/label/2018/210922s000lbl.pdf

	21.	 Amvuttra (vutrisiran). Prescribing information. Alnylam Pharmaceuticals, 
2025. Accessed December 16, 2025. https://www.accessdata.fda.gov/
drugsatfda_docs/label/2025/215515s006lbl.pdf

	22.	 Garcia-Pavia P, Aus dem Siepen F, Donal E, Lairez O, van der Meer P, 
Kristen AV, Mercuri MF, Michalon A, Frost RJA, Grimm J, et al. Phase 1 trial 
of antibody ni006 for depletion of cardiac transthyretin amyloid. N Engl J 
Med. 2023;389:239–250. doi: 10.1056/NEJMoa2303765

	23.	 Fontana M, Garcia-Pavia P, Grogan M, Shah SJ, Engelmann  
MDM, Hovingh GK, Kristen AV, Lim-Watson M, Malling B, Kar S, et al. 
Coramitug, a humanized monoclonal antibody for the treatment of trans-
thyretin amyloid cardiomyopathy: a phase 2, randomized, multicenter, 
double-blind, placebo-controlled trial. Circulation. 2026;153:214–225. doi: 
10.1161/CIRCULATIONAHA.125.077304

	24.	 Fontana M, Berk JL, Gillmore JD, Witteles RM, Grogan M, Drachman B, 
Damy T, Garcia-Pavia P, Taubel J, Solomon SD, et al; HELIOS-B Trial Inves-
tigators. Vutrisiran in patients with transthyretin amyloidosis with cardiomy-
opathy. N Engl J Med. 2025;392:33–44. doi: 10.1056/NEJMoa2409134

	25.	 Tanowitz M, Hettrick L, Revenko A, Kinberger GA, Prakash TP, 
Seth PP. Asialoglycoprotein receptor 1 mediates productive uptake of N- 
acetylgalactosamine-conjugated and unconjugated phosphorothio-
ate antisense oligonucleotides into liver hepatocytes. Nucleic Acids Res. 
2017;45:12388–12400. doi: 10.1093/nar/gkx960

	26.	 Coelho T, Marques WJ, Dasgupta NR, Chao CC, Parman Y, Franca MCJ, 
Guo YC, Wixner J, Ro LS, Calandra CR, et al; NEURO-TTRansform Inves-
tigators. Eplontersen for hereditary transthyretin amyloidosis with polyneu-
ropathy. JAMA. 2023;330:1448–1458. doi: 10.1001/jama.2023.18688

	27.	 Wainzua (eplontersen). Summary of product characteristics. Ionis phar-
maceuticals and AstraZeneca, 2025. Accessed December 16, 2025. 
https://www.ema.europa.eu/en/documents/product-information/
wainzua-epar-product-information_en.pdf

	28.	 Masri A, Maurer MS, Claggett BL, Kulac I, Waddington Cruz M, Conceicao I, 
Weiler M, Berk JL, Gertz M, Gillmore JD, et al. Effect of eplontersen on cardiac 
structure and function in patients with hereditary transthyretin amyloidosis. J 
Card Fail. 2024;30:973–980. doi: 10.1016/j.cardfail.2023.11.016

	29.	 Viney NJ, Guo S, Tai LJ, Baker BF, Aghajan M, Jung SW, Yu RZ, Booten S, 
Murray H, Machemer T, et al. Ligand conjugated antisense oligonucleotide 
for the treatment of transthyretin amyloidosis: preclinical and phase 1 data. 
ESC Heart Fail. 2021;8:652–661. doi: 10.1002/ehf2.13154

	30.	 Episkopou V, Maeda S, Nishiguchi S, Shimada K, Gaitanaris GA, 
Gottesman ME, Robertson EJ. Disruption of the transthyretin gene results 
in mice with depressed levels of plasma retinol and thyroid hormone. Proc 
Natl Acad Sci U S A. 1993;90:2375–2379. doi: 10.1073/pnas.90.6.2375

	31.	 Hicks KA, Mahaffey KW, Mehran R, Nissen SE, Wiviott SD, Dunn B, 
Solomon SD, Marler JR, Teerlink JR, Farb A, et al; Standardized Data Col-
lection for Cardiovascular Trials Initiative (SCTI). 2017 cardiovascular and 
stroke endpoint definitions for clinical trials. Circulation. 2018;137:961–
972. doi: 10.1161/CIRCULATIONAHA.117.033502

	32.	 Lin DY, Wei LJ, Yang I, Ying Z. Semiparametric regression for the mean 
and rate functions of recurrent events. J R Stat Soc Ser B: Stat Methodol. 
2000;62:711–730. doi: 10.1111/1467-9868.00259

	33.	 Andersen PK, Gill RD. Cox’s regression model for counting pro-
cesses: a large sample study. Ann Statist. 1982;10:1100–1120. doi: 
10.1214/aos/1176345976

	34.	 Cox DR. Regression models and life-tables. J R Stat Soc Ser B: Stat Meth-
odol. 1972;34:187–202. doi: 10.1111/j.2517-6161.1972.tb00899.x

	35.	 Miller AB, Januzzi JL, O’Neill BJ, Gundapaneni B, Patterson TA, 
Sultan MB, Lopez-Sendon J. Causes of cardiovascular hospitalization and 
death in patients with transthyretin amyloid cardiomyopathy (from the 
tafamidis in transthyretin cardiomyopathy clinical trial [ATTR-ACT]). Am J 
Cardiol. 2021;148:146–150. doi: 10.1016/j.amjcard.2021.02.035

	36.	 Ioannou A, Patel RK, Razvi Y, Porcari A, Sinagra G, Venneri L, Bandera F, 
Masi A, Williams GE, O’Beara S, et al. Impact of earlier diagnosis in car-
diac ATTR amyloidosis over the course of 20 years. Circulation. 2022;146: 
1657–1670. doi: 10.1161/CIRCULATIONAHA.122.060852

	 37.	 Maurer MS, Kale P, Fontana M, Berk JL, Grogan M, Gustafsson F, Hung RR, 
Gottlieb RL, Damy T, Gonzalez-Duarte A, et al; APOLLO-B Trial Investigators. 
Patisiran treatment in patients with transthyretin cardiac amyloidosis. N Engl J 
Med. 2023;389:1553–1565. doi: 10.1056/NEJMoa2300757

	38.	 Gonzalez-Duarte A, Conceicao I, Amass L, Botteman MF, Carter JA, 
Stewart M. Impact of non-cardiac clinicopathologic characteristics on sur-
vival in transthyretin amyloid polyneuropathy. Neurol Ther. 2020;9:135–149. 
doi: 10.1007/s40120-020-00183-7

	39.	 Greene SJ, Bauersachs J, Brugts JJ, Ezekowitz JA, Lam CSP, 
Lund LH, Ponikowski P, Voors AA, Zannad F, Zieroth S, et al. Worsening 
heart failure: nomenclature, epidemiology, and future directions: JACC 
review topic of the week. J Am Coll Cardiol. 2023;81:413–424. doi: 
10.1016/j.jacc.2022.11.023

	40.	 Cheng RK, Levy WC, Vasbinder A, Teruya S, De Los Santos J, Leedy D, 
Maurer MS. Diuretic dose and NYHA functional class are independent pre-
dictors of mortality in patients with transthyretin cardiac amyloidosis. JACC 
CardioOncol. 2020;2:414–424. doi: 10.1016/j.jaccao.2020.06.007

	41.	 Nativi-Nicolau J, Yilmaz A, Dasgupta N, Macey R, Cochrane J, 
Peatman J, Summers C, Luth J, Zolty R. Six-minute walk test as clini-
cal end point in cardiomyopathy clinical trials, including ATTR-CM: a 
systematic literature review. J Comp Eff Res. 2024;13:e230158. doi: 
10.57264/cer-2023-0158

	42.	 Ioannou A, Fumagalli C, Razvi Y, Porcari A, Rauf MU, Martinez-Naharro A, 
Venneri L, Moody W, Steeds RP, Petrie A, et al. Prognostic value of a 6- 
minute walk test in patients with transthyretin cardiac amyloidosis. J Am Coll 
Cardiol. 2024;84:43–58. doi: 10.1016/j.jacc.2024.04.011

	43.	 Nitsche C, Ioannou A, Patel RK, Razvi Y, Porcari A, Rauf MU, Bandera F, 
Aimo A, Emdin M, Martinez-Naharro A, et al. Expansion of the National 
Amyloidosis Centre staging system to detect early mortality in trans-
thyretin cardiac amyloidosis. Eur J Heart Fail. 2024;26:2008–2012. doi: 
10.1002/ejhf.3354

	44.	 Ajufo E, Nayak A, Mehra MR. Fallacies of using the win ratio in cardiovascu-
lar trials: challenges and solutions. JACC Basic Transl Sci. 2023;8:720–727. 
doi: 10.1016/j.jacbts.2023.05.004

	45.	 Crooke ST, Baker BF, Xia S, Yu RZ, Viney NJ, Wang Y, Tsimikas S, 
Geary RS. Integrated assessment of the clinical performance of GalNAc3-
conjugated 2’-O-methoxyethyl chimeric antisense oligonucleotides: i. 
human volunteer experience. Nucleic Acid Ther. 2019;29:16–32. doi: 
10.1089/nat.2018.0753

	46.	 Crooke ST, Liang XH, Crooke RM, Baker BF, Geary RS. Antisense drug dis-
covery and development technology considered in a pharmacological context. 
Biochem Pharmacol. 2021;189:114196. doi: 10.1016/j.bcp.2020.114196

	 47.	 Gaudet D, Karwatowska-Prokopczuk E, Baum SJ, Hurh E, Kingsbury  
J, Bartlett VJ, Figueroa AL, Piscitelli P, Singleton W, Witztum  
JL, et al; Vupanorsen Study Investigators. Vupanorsen, an N-acetyl  
galactosamine-conjugated antisense drug to ANGPTL3 mRNA, lowers tri-
glycerides and atherogenic lipoproteins in patients with diabetes, hepatic 
steatosis, and hypertriglyceridaemia. Eur Heart J. 2020;41:3936–3945. doi: 
10.1093/eurheartj/ehaa689

	48.	 Viney NJ, van Capelleveen JC, Geary RS, Xia S, Tami JA, Yu RZ, 
Marcovina SM, Hughes SG, Graham MJ, Crooke RM, et al. Antisense oligo-
nucleotides targeting apolipoprotein(a) in people with raised lipoprotein(a): 
two randomised, double-blind, placebo-controlled, dose-ranging trials. Lan-
cet. 2016;388:2239–2253. doi: 10.1016/S0140-6736(16)31009-1

	49.	 Crooke ST, Baker BF, Witztum JL, Kwoh TJ, Pham NC, Salgado N, McEvoy BW, 
Cheng W, Hughes SG, Bhanot S, et al. The effects of 2’-O-methoxyethyl 
containing antisense oligonucleotides on platelets in human clinical trials. 
Nucleic Acid Ther. 2017;27:121–129. doi: 10.1089/nat.2016.0650

D
ow

nloaded from
 http://ahajournals.org by on June 30, 2026

https://www.fda.gov/media/126283/download
https://www.fda.gov/media/126283/download
https://attruby.com/attruby-prescribing-information.pdf
https://attruby.com/attruby-prescribing-information.pdf
https://www.accessdata.fda.gov/drugsatfda docs/label/2023/217388s000lbl.pdf
https://www.accessdata.fda.gov/drugsatfda docs/label/2023/217388s000lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2018/210922s000lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2018/210922s000lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2025/215515s006lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2025/215515s006lbl.pdf
https://www.ema.europa.eu/en/documents/product-information/wainzua-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/wainzua-epar-product-information_en.pdf

	Rationale and Design of CARDIO-TTRansform, a Phase 3 Trial of Eplontersen in Transthyretin Amyloid Cardiomyopathy
	Methods
	Study Design
	Study Population
	Analytical Data Sets
	Trial End Points
	Statistical Analysis

	Discussion
	ARTICLE INFORMATION
	Affiliations
	Acknowledgments
	Sources of Funding
	Disclosures
	Supplemental Material

	References




