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Abstract
Background Transthyretin (TTR) Cardiomyopathy (ATTR-CM) is characterized by the deposition of misfolded TTR 
monomers in the heart, leading to progressive heart failure. TTR-specific therapies offer a pharmacological approach 
to slow disease progression. However, there remains limited data on the efficacy, comparative effectiveness, and 
safety of these therapies. Therefore, we aim to perform a systematic review and meta-analysis of randomized 
controlled trials (RCTs) comparing TTR-specific therapies with placebo in patients with ATTR-CM.

Methods We searched through Pubmed, Cochrane, and Embase databases. Our primary outcome was: (1) All Cause 
Mortality. We also performed a subgroup analysis comparing TTR stabilizers versus TTR knock-down therapies (RNA 
inhibitors and antisense oligonucleotides).

Results Nine RCTs were included, involving 2,713 patients, of whom 1,160 (59.34%) were assigned to the TTR-specific 
therapies group. In the pooled analysis, TTR-specific therapies were associated with a significant reduction in all-cause 
mortality (RR 0.70; 95% CI 0.60, 0.83; p < 0.01; I² = 0%), with both TTR stabilizers and knock-down therapies showing 
equally effective reductions (p = 0.97). Additionally, TTR-specific therapies improved LV longitudinal strain (SMD − 0.22; 
95% CI -0.34, -0.10; p < 0.01; I² = 17%) and reduced LV mass (SMD − 9.11 g; 95% CI -16.4 g, -1.82 g; p = 0.01; I² = 0%).

Conclusion This meta-analysis highlights the potential of TTR-targeting therapies as an effective option for 
managing ATTR-CM, with significant improvements in survival. No efficacy differences were found between TTR 
stabilizers and knock-down therapies.
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Introduction
Transthyretin (TTR) amyloidosis (ATTR) is a disease 
characterized by the deposition of misfolded TTR mono-
mers in vital organs. This condition arises either from 
destabilizing mutations in hereditary ATTR (hATTR) or 
from an age-associated mechanism in wild-type ATTR 
(wtATTR), frequently involving the heart and presenting 
as TTR amyloid cardiomyopathy (ATTR-CM) [1].

Recent research indicates that as many as 10–15% of 
older adults with heart failure (HF) with preserved ejec-
tion fraction may have undiagnosed wtATTR. The natu-
ral history of the disease, encompassing factors such as 
age of onset, primary phenotype, and clinical course, var-
ies according to the specific mutation and familial traits 
[2]. Untreated patients with ATTR-CM typically experi-
ence progressive HF, with an approximate survival time 
of 3 to 5 years [3].

In recent years, novel TTR-targeting therapies have 
been developed. These therapies either reduce the pro-
duction of TTR (RNA inhibitors and antisense oligo-
nucleotides) or stabilize the circulating TTR molecule 
(TTR stabilizers). The TTR tetramer stabilizer tafamidis 
is currently the only approved agent for treating ATTR-
CM [4]. Recent trials have demonstrated the efficacy 
of emerging therapies, including Vutrisiran, Patisiran, 
Eplontersen, Inotersen, and Acoramidis, in managing 
ATTR [5–12]. Therefore, we propose to conduct a sys-
tematic review and meta-analysis to compare the efficacy 
of ATTR-specific therapies with placebo and evaluate the 
comparative effectiveness of different therapeutic classes 
in patients with ATTR-CM.

Methods
This meta-analysis and systematic review was performed 
and reported according to the Cochrane Collaboration 
Handbook for Systematic Reviews of Intervention and 
the Preferred Reporting Items for Systematic Reviews 
and Meta-Analysis (PRISMA) guidelines [13, 14]. The 
prospective meta-analysis protocol has been uploaded 
to the International Prospective Register of Systematic 
Reviews (CRD42024592297).

Eligibility criteria
There were no restrictions regarding publication date, 
status, or language. Studies were considered eligible for 
inclusion if they (1) were randomized controlled tri-
als (RCTs); and (2) compared the following therapies 
for ATTR with placebo: Tafamidis, Acoramidis, Pati-
siran, Vutrisiran, Inotersen, and Eplontersen; 3) enrolled 
patients with ATTR-CM; and 4) presented data regarding 

any of the prespecified efficacy and safety endpoints. We 
excluded studies that (1) did not report any of the out-
comes of interest, (2) had overlapping patient popula-
tions, and (3) abstracts presented in congresses.

 Search strategy and data extraction
We systematically searched Medline via Pubmed, 
EMBASE, and Cochrane from the database inception to 
September 2024. The study selection process included 
reviewing titles and abstracts initially, followed by a thor-
ough examination of the full texts of potentially suitable 
studies. The full search strategy is reported in the Sup-
plemental Methods S3. Eight authors (J.F.; G.B.; R.P.; P.S.; 
C.F.; W.N.; V.A; A.C.), in pairs, independently and follow-
ing a double-blinded model, extracted selected studies, 
reviewed the main reports and supplementary materials 
and extracted the relevant information from the included 
trials. Any discrepancies were resolved through consen-
sus among the authors or addressed through deliberation 
with other review team members (A.P.; E.K.).

For the extraction of continuous outcomes, if the 
outcome was reported in the median or interquartile 
range (IQR) we used the Wan and Luo Eqs. [15, 16] to 
transform it into mean and standard deviation (SD) per 
Cochrane recommendation (Supplemental Methods 
S4). Moreover, if the data was reported in mean and 95% 
Confidence Interval (CI), we transformed it into mean 
and SD using the Cochrane Calculator [17].

Endpoints and subgroup analysis
This meta-analysis’s primary endpoints were (1) all-cause 
mortality and (2) cardiovascular (CV) mortality. We 
also included the secondary outcomes of (3) hospitaliza-
tions for heart failure (HF), (4) all-cause hospitalizations, 
(5) any adverse events (AE), (6) cardiac AE, (7) serious 
adverse events (SAE), (8) cardiac SAE, (9) left ventricular 
(LV) mass, and (10) LV longitudinal strain. A prespecified 
subgroup analysis for all-cause mortality was performed, 
comparing (1) TTR stabilizers versus TTR knock-down 
therapies (RNA inhibitors and antisense oligonucle-
otides). Additionally, we analyzed the primary outcomes, 
including only studies specifically designed for an ATTR-
CM population. A full definition of each outcome can be 
found in Supplemental Methods S5.

Quality assessment
Eight review authors (J.F.; G.B.; R.P.; P.S.; C.F.; W.N.; V.A; 
A.C.) in pairs, independently assessed the risk of bias 
for each trial using the criteria outlined in the Cochrane 
Handbook for Systematic Reviews of Interventions [14], 

Keywords Transthyretin cardiac amyloidosis, Transthyretin gene RNA inhibitors, Transthyretin stabilizers, Transthyretin 
gene antisense oligonucleotides



Page 3 of 11Prata et al. BMC Cardiovascular Disorders          (2025) 25:296 

through Cochrane’s Risk of Bias 2 tool for randomized 
studies [18]. We resolved disagreements by discussion 
or by a third review author (E.K.; A.P.). We assessed the 
risk of bias according to the following domains: random 
sequence generation, allocation concealment, blind-
ing of participants and personnel, blinding of outcome 
assessment, incomplete outcome data, selective outcome 
reporting, and other biases. We graded each trial as hav-
ing a high, low, or unclear risk of bias for each domain. 
We also performed funnel plot analysis to appraise small 
study effects [19]. Finally, The GRADE [20] (Grading of 
Recommendations, Assessment, Development, and Eval-
uation) tool was used to assess the certainty of evidence 
for each outcome, with categorizations ranging from 
high to very low.

Statistical analysis
Endpoints were analyzed using a risk ratio (RR) for binary 
data and mean difference (MD) or standard mean differ-
ence (SMD) for continuous outcomes with 95% CI. If the 
outcome was reported in rates, we analyzed and reported 
our results in rate of mean (ROM) with 95% CI. Het-
erogeneity was examined with the Cochran Q test and 
I2 statistics; p-values inferior to 0.10, and I2 > 25% were 
considered significant for heterogeneity. The p-value was 
derived from the χ2 test based on the degree of freedom 
of the analysis. A significant interaction was confirmed 
if the p < 0.05 for our prespecified subgroup analysis. We 
analyzed the results using the random-effect model and 
the restricted maximum liked method (REML). R version 
4.4.2 (R Foundation for Statistical Computing, Vienna, 
Austria) was used for statistical analyses using the “meta” 
package [21].

Trial sequential analysis
We used the TSA 0.9.5.10 Beta software for trial sequen-
tial analysis (TSA) to confirm our meta-analysis results. 
The type of boundary value for the hypothesis test was 
set to a two-sided test with an alpha value of 5%. Once 
the cumulative studies in the Z-curve cross the con-
ventional monitoring boundary or the futility area, the 
results are consistent and should be considered reliable 
evidence [22].

Post-hoc network meta-analysis
A post-hoc frequentist network meta-analysis was per-
formed to estimate the head-to-head indirect effect size 
for the different specific therapies for ATTR-CM. We 
used the calculated pairwise comparison from the pri-
mary analysis to generate the indirect evidence. Con-
sistency was tested using node splitting, and we used 
P-Scores, ranging from 0(worst) to 1(best), to rank each 
drug. The complete statistical methodology for the 

frequentist network meta-analysis can be found in Sup-
plemental Methods S7.

Protocol deviations
We reported protocol deviations from CRD42024592297 
in Supplemental MethodsS8.

Results
Study selection and baseline characteristics
The study selection is demonstrated in Fig. 1. The initial 
search identified 632 studies (PubMed [n = 81], Embase 
[n = 302], and Cochrane [n = 249]). After title and abstract 
screening and removing duplicates, 54 studies remained 
to be thoroughly reviewed according to the inclusion and 
exclusion criteria. Of these, 9 RCTs were included [4–12], 
comprising 2713 patients, of whom 1160 (59.34%) were 
treated with TTR-targeting therapies. A full descrip-
tion of the studies’ eligibility criteria can be found in 
Supplemental Methods S6. Study characteristics and 
drop-out rates are reported in Table  1 and Supplemen-
tal Tables  S1  A and S1B. The included participants had 
a mean age of 68.34 years, were mostly male (86.86%), 
and 15.15% had a NYHA Class ≥ III. The mean follow-up 
was 26.26 months. 6 [5–10] studies included TTR knock-
down therapies, while the remaining 3 [4, 11, 12] used 
TTR stabilizers. The distribution of countries included in 
the RCTs is detailed in Supplemental Table S2.

Risk of Bias assessment and small study effect
Six included trials [4, 5, 8, 9, 11, 12] were evaluated as 
having a low risk of bias in all domains. Two trials were 
assessed as having some concerns [6, 10], and one was 
evaluated as having a high risk of bias [7]. The individual 
RCT appraisal is reported in Supplemental Fig. S1A and 
S1B. Moreover, our funnel plot (Supplemental Fig.  S2) 
shows a symmetrical distribution of studies with conver-
gence toward the pooled treatment effect size as weights 
increased, suggesting no evidence of a small study effect. 
Our GRADE assessments are presented in Supplemental 
Table S3. The certainty of evidence was high for all-cause 
mortality, SAE, cardiac AE, and LV longitudinal strain. 
For other outcomes, the certainty ranged from moderate 
to low.

Pooled analysis
In those receiving TTR-specific therapies, there was a 
significant reduction in all-cause mortality (RR 0.70; 95% 
CI 0.60, 0.83; p < 0.01; I² = 0%; Fig. 2). The LV longitudi-
nal strain endpoint demonstrated a statistically signifi-
cant reduction in the TTR-specific therapy group (SMD 
− 0.22; 95% CI -0.34, -0.10; p < 0.01; I² = 17%; Fig.  3A). 
TTR-specific therapies consistently reduced LV mass 
compared to placebo (MD -9.11 g; 95% CI -16.4 g, -1.82 g; 
p = 0.01; I² = 0%; Fig. 3B).
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However, for the endpoints of CV mortality (RR 0.73; 
95% CI 0.52, 1.01; p = 0.06; I² = 0%; Fig. 4A), all-cause hos-
pitalization (RR 0.94; 95% CI 0.85, 1.04; p = 0.26; I² = 0%; 
Fig.  4B) and HF hospitalization (RR 0.86; 95% CI 0.71, 
1.05; p = 0.14; I² = 0%; Fig. 4C) did not show statistically 
significant differences between the groups. The impact 
of treatment with TTR-specific therapies on N-terminal 
pro-B-type natriuretic peptide (NTpro-BNP), Kansas 
City Cardiomyopathy Questionnaire Overall Summary 
Score (KCCQ-OS), TTR levels, and the 6-minute walk 
test (6MWT) was evaluated, with baseline and post-
intervention values provided in Supplemental Tables S4 
to S7.

Subgroup analysis
Our subgroup analysis shows that both TTR Stabiliz-
ers (RR: 0.71; 95% CI 0.58, 0.86; p < 0.01; I² = 0%; Fig. 5) 
and knock-down therapies (RR: 0.70; 95%CI 0.53, 0.92; 
p = 0.01; I² = 0%; Fig.  5) therapies significantly reduced 
all-cause mortality. There was no evidence of difference 
in efficacy between these subgroups (p = 0.93; Fig. 5).

Pooled analysis of trials specifically designed for ATTR-CM
In those receiving TTR-specific therapies, there was a 
significant reduction in all-cause mortality (RR 0.71; 95% 
CI 0.60, 0.83; p < 0.001; I² = 0%; Supplemental Fig. S3) and 
CV mortality (RR 0.71; 95% CI 0.51, 0.99; p = 0.041; I² = 
0%; Supplemental Fig. S4).

Our subgroup analysis shows that both TTR Stabi-
lizers (RR: 0.71; 95% CI 0.58, 0.86; p < 0.001; I² = 0%; 

Fig. 1 PRISMA Flow Diagram. PRISMA flow diagram of study screening and selection
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Supplemental Fig.  S5) and knock-down therapies (RR: 
0.70; 95% CI 0.53, 0.93; p = 0.015; I² = 0%; Supplemental 
Fig.  S5) therapies significantly reduced all-cause mor-
tality. There was no evidence of a difference in efficacy 
between these subgroups (p = 0.98; Supplemental Fig. S5).

Adverse events
There were no significant increases in SAE (RR 0.91; 95% 
CI 0.86, 0.97; p < 0.01; I² = 0%; Supplemental Fig. S6), car-
diac AE (RR 0.90; 95% CI 0.81, 0.99; p = 0.037; I² = 39%; 
Supplemental Fig.  S7), or cardiac SAE (RR 0.98; 95% 
CI 0.82, 1.18; p = 0.861; I² = 0%; Supplemental Fig.  S8) 

Fig. 3 A. Forest Plot for LV Longitudinal Strain. TTR-specific therapies significantly reduced LV longitudinal strain compared to placebo. Abbreviations: CI: 
Confidence Interval; SMD: Standardized Mean Difference; LV: Left Ventricle; TTR: Transthyretin. B. Forest Plots for LV Mass. TTR-specific therapies led to a 
consistent reduction in LV mass compared to placebo Abbreviations: CI: Confidence Interval; SMD: Standardized Mean Difference; LV: Left Ventricle; TTR: 
Transthyretin

 

Fig. 2 Forest Plot for All Cause Mortality. TTR-specific therapies showed a significant reduction in all-cause mortality compared to placebo. Abbreviations: 
CI: Confidence Interval; RR: Risk Ratio; TTR: Transthyretin
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between the TTR-specific therapies group and the pla-
cebo group. Similarly, there was no significant difference 
in overall AE (RR 1.0; 95% CI 0.98, 1.01; p = 0.66; I² = 41%; 
Supplemental Fig. S9) between the two groups.

Trial sequential analysis
Our TSA results for the primary endpoint of All-cause 
mortality achieved the required information size, indicat-
ing a low risk of type 1 error (Supplemental Fig. S10).

Post-hoc network meta-analysis for the primary endpoints
In our post-hoc network meta-analysis, we observed no 
differences between the specific therapies for ATTR-CM 
in our indirect estimations for all-cause mortality and CV 
mortality endpoints. Patisiran (P-Score = 0.75; Supple-
mental Table S9) and Tafamidis (P-Score = 0.84; Supple-
mental Table S9), were ranked the best treatment for 
all-cause mortality and CV mortality endpoints. Detailed 
results for the post-hoc network meta-analysis can be 
found in Supplemental Results.

Fig. 4 A. Forest Plot for CV Mortality. TTR-specific therapies did not show a statistically significant reduction in CV mortality compared to placebo. Abbre-
viations: CI: Confidence Interval; RR: Risk Ratio; CV: Cardiovascular; TTR: Transthyretin. B. Forest Plot for All Cause Hospitalization. There was no statistically 
significant difference in all-cause hospitalization between patients receiving TTR-specific therapies and placebo. Abbreviations: CI: Confidence Interval; 
RR: Risk Ratio; TTR: Transthyretin. C. Forest Plot for HF Hospitalization. TTR-specific therapies did not lead to a statistically significant difference in HF hospi-
talization compared to placebo. Abbreviations: CI: Confidence Interval; RR: Risk Ratio; HF: Heart Failure; TTR: Transthyretin
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Discussion
In this updated systematic review and meta-analysis of 9 
RCTs encompassing 2,713 patients, we compared TTR-
specific therapies with placebo in the population with 
ATTR-CM. Our main findings were as follows: (1) TTR-
specific therapies significantly reduced all-cause mor-
tality; (2) no subgroup difference in all-cause mortality 
endpoint was observed between knock-down therapies 
and TTR stabilizers; (3) TTR-specific therapies signifi-
cantly reduced LV mass and LV longitudinal strain; (4) 
no significant difference in CV mortality, all-cause hos-
pitalization, or HF hospitalization between TTR-specific 
therapies and placebo; and (5) no significant differences 
in the incidence of AE between patients receiving TTR-
specific therapies and in the placebo group. In our sen-
sitivity analysis of only ATTR-CM designed trials, (6) 
TTR-specific therapies significantly reduced all-cause 
mortality; (7) no subgroup difference in all-cause mor-
tality endpoint was observed between knock-down 
therapies and TTR stabilizers; (8) TTR-specific therapies 
slightly but significantly reduced CV mortality.

Therapeutic options for ATTR have advanced sig-
nificantly. Historically, liver transplantation was con-
sidered the only method to address hATTR. It halts the 
production of mutant TTR but has limited efficacy due 
to the continued deposition of wtATTR in tissues. In 
contrast, recent FDA-approved therapies target the pro-
tein directly [23]. Currently, there are two major classes 
of TTR-targeting therapies for ATTR: TTR stabilizers, 
which bind to transthyretin, stabilizing the protein’s tet-
rameric structure and affecting rate-limiting steps in 

ATTR amyloidogenesis, and TTR knock-down thera-
pies, such as RNA inhibitors and antisense oligonucle-
otides, target the gene encoding transthyretin, thereby 
reducing circulating levels of the implicated protein [24]. 
Approved through organ-specific trials, these therapies 
address polyneuropathy and cardiomyopathy, with some 
studies overlapping both. In our proposed systematic 
review and meta-analysis, we specifically evaluate TTR-
targeting therapies for patients with cardiomyopathy, 
independent of other organ involvement. This approach 
enables us to compare different therapies for ATTR-CM, 
expand therapeutic options, and confirm the efficacy of 
these treatments.

The main result of our meta-analysis highlights the 
significant reduction in mortality rates with TTR-spe-
cific therapies in patients with ATTR-CM compared to 
placebo. Specifically, TTR-specific therapies reduced 
mortality by 30% (RR 0.70; 95% CI 0.60, 0.83; Fig.  2), 
underscoring their clinical efficacy in managing this con-
dition. Our findings align with major RCTs included in 
the analysis, such as the ATTR-ACT trial, which evalu-
ated tafamidis in ATTR-CM patients (RR 0.69 [0.53; 
0.89]), and the HELIOS-B trial, which assessed vutrisiran 
in ATTR-CM patients (RR 0.71 [0.53; 0.95]). (RR 0.71 
[0.53; 0.95]). Moreover, the ATTRibute-CM, APOLLO 
A, APOLLO B and NEURO TTR TRANSFORM RCTs 
did not yield statistically significant results individu-
ally. Additionally, some studies relied on historical pla-
cebo groups, which may introduce variability and affect 
comparability, such as HELIOS A, which referenced the 
placebo group from the APOLLO A trial, and NEURO 

Fig. 5 Forest Plot for Subgroup analysis of All Cause Mortality. TTR knock-down therapies and TTR stabilizers showed an equally effective reduction in 
all-cause mortality compared to placebo. Abbreviations: CI: Confidence Interval; RR: Risk Ratio; TTR: Transthyretin
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TTR TRANSFORM, which used the placebo group from 
the NEURO TTR study. Although the historical placebo 
groups had similar endpoints and eligibility criteria, this 
may introduce bias in interpreting the results. However, 
our meta-analysis revealed 0% heterogeneity. These con-
sistent results, confirmed by subgroup analysis (Fig.  5), 
trials explicitly designed for ATTR-CM (Supplemental 
Figs. S3–S5) populations, and funnel plot analysis (Sup-
plemental Fig.  S2), further validate the efficacy of both 
TTR stabilizers and knock-down therapies in reducing 
mortality among patients with ATTR-CM. Moreover, our 
findings align with observational phase 4 studies, such 
as Garcia-Pavia et al. [25], which reported survival rates 
at 30 and 42 months of 84.4% and 76.8%, respectively, in 
tafamidis-treated patients, compared to 70.0% and 59.3% 
in untreated patients.

In cardiac imaging, the term strain describes myocar-
dial shortening and thickening, the fundamental features 
of myocardial fiber function [26, 27]. Our meta-analysis 
also demonstrated a significant improvement in LV lon-
gitudinal strain in patients on TTR therapy. In ATTR-
CM, peak longitudinal strain from the apical 4-chamber 
view is independently associated with mortality, regard-
less of genotype or disease severity [26, 28]. Both mortal-
ity and LV longitudinal strain were improved in the TTR 
therapy group compared to placebo. In HELIOS-B, vutri-
siran attenuated the decline in peak longitudinal strain 
compared to placebo (LS mean difference − 1.23; 95% CI: 
-1.73 to -0.73), aligning with the observed reduction in 
mortality. This suggests that TTR therapies may help to 
halt the progression of myocardial dysfunction.

Our analysis shows a significant reduction in LV mass 
with TTR-specific therapies compared to placebo (SMD 
− 9.11; 95% CI: -16.40 to -1.82]; I² = 0%), highlighting 
consistency across trials. This finding is clinically mean-
ingful, as concentric LV hypertrophy with increased 
LV mass index is characteristic of ATTR-CM [29]. Like 
Dobner et al. [30], cohort studies observed similar LV 
mass reduction with tafamidis. However, the mecha-
nisms—whether due to decreased amyloid deposition, 
clearance, or reverse remodeling—are yet to be fully 
understood. TTR-specific therapies also trended toward 
reducing CV mortality, with the strongest support from 
the ATTR-ACT study. Though reductions in all-cause 
and HF hospitalizations were observed, these outcomes 
lacked statistical significance. Given that fewer studies 
have been reported on these endpoints, further research 
with larger samples and longer follow-ups is essential to 
confirm these potential benefits and clarify the impact of 
TTR-targeting therapies on reducing these endpoints.

TTR-specific therapies consistently improved KCCQ-
OS scores and 6MWT performance compared to placebo 
(Supplemental Tables S5 and S7) and showed reduced 
NT-proBNP levels (Supplemental Table S4), indicating 

slower ATTR-CM progression and enhanced func-
tional capacity [31]. Safety analyses found no evidence 
of increased risk for overall AE, serious AE, cardiac AEs, 
or cardiac SAE associated with TTR-specific therapies, 
supporting a favorable safety profile. Continued monitor-
ing of broader populations will be essential, as long-term 
effects remain to be fully understood.

An important aspect of our meta-analysis is that it 
addresses a contemporary cohort of patients with ATTR-
CM, most of whom receive multidisciplinary care. It 
shows that both knock-down therapies and TTR sta-
bilizers offer similar mortality reduction benefits, with 
consistent effect sizes across patient subgroups. Further-
more, our findings align with long-term extension stud-
ies, highlighting the sustained impact of these therapies 
with longer follow-ups, and emphasizing the benefits of 
early diagnosis and early initiation of treatment [32, 33]. 
However, the advantage of combining these two classes of 
medication or identifying optimal therapeutic strategies 
for severe cases, such as advanced HF, remains unclear 
and requires further investigation. Another significant 
issue is the lack of cost-effectiveness of available medica-
tions. The annual acquisition cost of disease-modifying 
therapies ranges from over $100,000 to nearly $600,000, 
several times higher than even liberal cost-effectiveness 
thresholds [34, 35].

Our meta-analysis has several important strengths, 
addressing key gaps in the existing literature. First, our 
TSA confirmed that the required information size was 
met, providing sufficient power to support the benefits of 
TTR-specific therapies in reducing mortality in patients 
with ATTR-CM. Second, our subgroup analysis also helps 
close a key gap in the literature by showing comparable 
efficacy between TTR knock-down therapies and TTR 
stabilizers, supporting the potential expansion of thera-
peutic options beyond tafamidis, currently the only FDA-
approved ATTR-CM therapy. The specific treatment of 
cardiac amyloidosis has significant practical implications, 
as it represents a novel approach that effectively reduces 
amyloid deposition, improves cardiac function, modifies 
the natural course of the disease, and enhances patient 
outcomes. It is also important to acknowledge that more 
recent studies may benefit from earlier patient diagnoses. 
This leads to the inclusion of individuals with less severe 
disease compared to earlier cohorts. Current research 
indicates a shift towards a greater prevalence of wild-type 
forms, a reduced proportion of hereditary forms, lower 
NT-proBNP levels, and improved functional capacity in 
patients. These trends suggest that early diagnosis and 
treatment are increasingly influencing the current clinical 
landscape of the disease. These are important confound-
ers that should be addressed in further studies.

This study has some limitations that warrant consid-
eration. First, cross-trial comparisons are challenging 
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due to differences in the enrolled cohorts. Additionally, 
some studies used historical placebo groups, which may 
introduce bias when interpreting the results. How-
ever, our sensitivity analyses validated our findings in 
most instances, thus confirming the results of the over-
all pooled analysis (Supplemental Figs.  S2–S5). Second, 
we did not assess the effects in patients using a combi-
nation of two or more TTR-specific therapies. Third, a 
direct comparison between stabilizers and knock-down 
therapies was not possible. None of the included studies 
directly compared these two treatment classes, preclud-
ing the identification of subgroups that might benefit 
more from one over the other. Finally, due to study het-
erogeneity and the limited number of studies evaluating 
these endpoints, we could not assess the impact of TTR-
specific therapies on NT-proBNP levels, quality of life, or 
the 6MWT. Future well-designed studies are needed to 
directly compare the efficacy of TTR targeting therapies, 
both as monotherapies and in combination, and to evalu-
ate potential subpopulations that may benefit from one 
therapy over another.

Conclusion
Overall, this updated systematic review and meta-
analysis provide strong evidence supporting the use of 
TTR-specific therapies to manage ATTR-CM. These 
therapies significantly improve all-cause mortality and 
have demonstrated a favorable safety profile in patients 
with ATTR-CM. No significant differences were found 
regarding efficacy between TTR stabilizers and TTR 
knock-down therapies. As the treatment landscape for 
ATTR-CM continues to evolve, TTR-specific therapies 
offer a novel and potentially disease-modifying option for 
patients with this challenging condition.
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