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Aims Transthyretin cardiac amyloidosis (AT TR-CA) is an important cause of heart failure (HF). Several therapies demonstrated an
efficacy in reducing hard and surrogate endpoints. WWe compared the relative efficacy of therapies evaluated in completed
phase Il trials.

Methods We conducted a network meta-analysis using data from ATTR-ACT, ATTRIBUTE-CM, APOLLO-B, and HELIOS-B. The
and results primary endpoint was a composite of all-cause mortality and cardiovascular hospitalizations. Secondary endpoints were
changes in the 6-minute walk distance (6MWD) and Kansas City Cardiomyopathy Questionnaire-Overall Summary
(KCCQ-OS) scores. For the primary endpoint, tafamidis and vutrisiran demonstrated a significant survival benefit over pla-
cebo; acoramidis approached significance. In indirect comparisons, there was no clear evidence of a larger absolute risk re-
duction for any drug. Tafamidis was associated with the lowest risk for the primary endpoint (surface under the cumulative
ranking, SUCRA 82%), followed by vutrisiran monotherapy (70%). Regarding changes in 6MWD, tafamidis and acoramidis
had the highest SUCRA curve values (97% and 69%, respectively). For KCCQ-OS changes, tafamidis also had the highest
SUCRA (87%), followed by acoramidis (79%) and vutrisiran monotherapy (67%). When the ATTR-ACT trial was excluded
from the analysis, vutrisiran monotherapy consistently showed the highest probability of being ranked better than other
treatments in terms of primary end-point.

Conclusion Although differences in trial design and study populations complicate direct efficacy comparisons, tafamidis demonstrated
the highest efficacy in improving survival, reducing cardiovascular hospitalizations, and enhancing functional capacity and
quality of life in patients with ATTR-CA, but also vutrisiran and acoramidis emerged as viable options.

Lays summary  Transthyretin cardiac amyloidosis (ATTR-CA) is a significant cause of heart failure. This network meta-analysis compared
therapies from phase Il trials (ATTR-ACT, ATTRIBUTE-CM, APOLLO-B, HELIOS-B). Tafamidis, the first approved treat-
ment for ATTR-CA, demonstrated the highest efficacy in improving survival, reducing cardiovascular hospitalizations, and
enhancing functional capacity and quality of life. Vutrisiran and acoramidis also showed significant benefits and may serve
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as a promising option given the recent regulatory approval. These findings highlight the clinical importance of currently avail-
able therapies in improving patient outcomes in ATTR-CA.

Graphical abstract

All-cause death or CV hosp A6MWD AKCCQ-0S
Tafamidis ~ Acoramidis Tafamidis ~ Acoramidis Tafamidis  Acoramidis
]
Drug-to-drug S
indirect o o ® () ‘Q_—‘
comparisons Placebo\ Patisiran  Placeb Patisiran Placeb ~ Patisiran
a\ N o\
Vutrisiran  Vutrisiran Vutrisiran  Vutrisiran Vutrisiran  Vutrisiran
monotherapy monotherapy monotherapy
Liver TTR tetramer Monomer Misfoldad Amyloid fibrils Cardiomyopathy
monomer 3
2 1 % W
| — % . —%—
Amyloid B2 R 5
depOSition TTR synthesis " Tetramer dissociation Misfolding Aggregation = Amyloid deposit
process T I I

Patisiran Miridesap

Y“t"s'”’" Tafamidis Dezamizumab

notersen PRX004

Eplontersen NICO6

NTLA-2001

Keywords cardiac amyloidosis ® Transthyretin ® ATTR e Meta-analysis ® Network meta-analysis ® Trials

Introduction

Transthyretin cardiac amyloidosis (ATTR-CA) is increasingly recog-
nized as a cause of heart failure (HF), yet still often underdiagnosed.
ATTR-CA may present in either a wild-type form (previously termed
‘senile’ amyloidosis) or in a hereditary (variant) form linked to patho-
genic TTR gene mutations." Recent research efforts have led to the de-
velopment of targeted therapies aimed at improving clinical outcomes
for patients with ATTR-CA, and multiple phase Il trials have assessed
their efficacy. The pivotal ATTR-ACT trial investigated the effective-
ness of tafamidis, a transthyretin (TTR) stabilizer that prevents amyl-
oid fibril formation by stabilizing the TTR tetramer. Tafamidis
significantly reduced a composite outcome of all-cause mortality and
cardiovascular hospitalization over 30 months and showed benefits
in functional capacity (6-minute walk distance, 6MWD) and quality
of life (Qol; Kansas City Cardiomyopathy Questionnaire-Overall
Summary, KCCQ-0S).” Consequently, tafamidis became the first ap-
proved drug for ATTR-CA without associated neuropathy. In the
ATTRIBUTE-CM trial, the TTR stabilizer acoramidis demonstrated
similar efficacy, improving a hierarchical composite endpoint including
all-cause mortality, cardiovascular hospitalizations, change from base-
line in N-terminal pro—B-type natriuretic peptide and in the 6MWD
compared to placebo. Tafamidis treatment was permitted after the
first 12 months from study entry.® The APOLLO-B trial assessed

patisiran, an inhibitor of TTR synthesis, which preserved functional
capacity at 12 months, with a secondary composite endpoint including
all-cause mortality, HF hospitalizations, and urgent HF visits. One
quarter of patients in APOLLO-B were on tafamidis at baseline.*
Lastly, the HELIOS-B trial demonstrated the superior efficacy of vutri-
siran, another inhibitor of TTR synthesis, over placebo in reducing a
composite of all-cause mortality and recurrent cardiovascular events
(defined as hospitalizations for cardiovascular causes or urgent HF vis-
its). This benefit was confirmed in the subgroup receiving tafamidis
(40% at study start).

At present, the first therapy available in clinical practice for isolated
ATTR-CA (i.e. tafamidis) has a poor cost-effectiveness profile,” and
there are several potential alternatives demonstrating an efficacy over
placebo, sometimes in terms of clinical endpoints and on the back-
ground of tafamidis therapy. As vutrisiran and acoramidis can now be
considered for clinical use, multiple treatment options will be likely
available in the near future for patients with ATTR-CA. Additionally, pa-
tisiran can be already used for patients with mixed cardiac and neuro-
logic phenotype. Gaining insight into the relative efficacy of the different
therapies would be important to select among different treatment
options. As head-to-head trials are extremely unlikely, we have
conducted a network meta-analysis (NMA) to perform an indirect
comparison of treatment effect on clinical, function and QoL on the re-
sults of phase 3 trials.
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Methods

Study selection and data extraction

The PRISMA NMA checklist® is provided in the Supplementary material.
The search process consisted in the selection of phase Il trials on
ATTR-CA published as of 1 October 2024: ATTR-ACT?
ATTRIBUTE-CM,® APOLLO-B,* and HELIOS-B. These trials compared ta-
famidis, acoramidis, patisiran and vutrisiran, respectively, to placebo. In de-
tail, tafamidis therapy was allowed after 12 months from enrolment in
ATTRIBUTE-CM,? and from study start in APOLLO-B* and HELIOS-B.>
Only HELIOS-B provided separate outcome data for the whole cohort
and for patients on vutrisiran monotherapy at baseline (i.e. those who
were not on tafamidis at baseline).> As per inclusion criteria, subgroup ana-
lyses of trials on ATTR polyneuropathy”'® were not included.

Two authors (V.C.and A.A\) extracted independently data from the main
text, supplementary materials and information provided on ClinicalTrials.
gov. Study characteristics, patients’ demographics and clinical characteristics
were collected. Discrepancies were resolved through discussion. Primary
and secondary outcome measures were extracted from selected studies
at the longest available follow-up (30 months in all studies®** except for
12 months in APOLLO-BY).

The primary endpoint was ‘all-cause mortality or cardiovascular hospital-
ization’. This endpoint was available in all studies (with the partial exception
of APOLLO-B considering ‘HF events’ rather than ‘cardiovascular hospita-
Iizations')4 and considered either hierarchical,>*> or non-hierarchical®; in
the latter case, only the first event was considered.> The number of events,
number of patients, and person-time were extracted from each study for
the primary endpoint. Changes in 6MWD and KCCQ-OS scores were con-
sidered as secondary endpoints, being available in all trials.> Mean changes
and standard deviation were evaluated. Details of data extracted and used
for the analysis of both primary and secondary endpoints are reported in
Supplementary material online, Table S1. The risk of bias and quality of study
were assessed using the Cochrane Collaboration tool,'" evaluating selec-
tion, performance, detection, attrition, reporting, and other potential
biases. No funding was received for this analysis. Ethical approval was not
needed because of the nature of the analysis.

Statistical analysis

Main trial and patients’ characteristics were summarized, and differences were
assessed and verified over the control arm across studies to evaluate the tran-
sitivity assumption requested by a NMA. A network plot of the active treat-
ments and placebo was obtained to depict the network structures with nodes
and line segments clarifying direct or indirect comparisons. For both primary
and secondary endpoints, indirect comparisons were made considering a

Bayesian framework and using the BUGSnet package in R (v1.1.2)"? using a
Markov Chain Monte Carlo (MCMC) simulation method. For both binary
and continuous endpoints, we considered a fixed effects consistency model
with 3 chains 100 000 adaptations, 10 000 burn-ins, and 100 000 iterations.
The Brooks—Gelman—Rubin statistical method was utilized to evaluate the
convergence of data; details are provided in Supplementary material online,
Figures S1 and S2. Both fixed and random effects models were considered
at first but only fixed effect model was retained as the Deviance
Information Criteria (DIC) did not suggest significant gain in the use of a ran-
dom effects model (difference in DIC values < 3; Supplementary material
online, Figures S3 and $4). Similarly, DIC and posterior mean deviance contri-
butions about each point for both the fixed effects consistency and inconsist-
ency models were compared to check model assumption.

For all endpoints, both median and mean values from posterior distribu-
tion were obtained, as values were similar only the latter were reported and
results are presented using a league table showing the mean posterior dis-
tribution for each outcome, expressed as hazard ratio (HR) and 95% cred-
ible interval (Crl) for primary endpoint or as difference from placebo and
95% Crl in changes from baseline in 6MWD and KCCQ. Overall ranking
of treatments was obtained within the Bayesian framework to rank each
outcome measurement from the best to the worst, and the surface under
the cumulative ranking (SUCRA) curves based on ranking profiles are
shown. An intervention is more effective when its probability of being
ranked small is higher. The length of follow-up duration was used as covari-
ate in models for secondary endpoints to take into account the difference in
follow-up duration across studies.

As the population enrolled in the ATTR-ACT trial had a more severe dis-
ease phenotype compared to other trials (Table 1), and a worse survival, a
sensitivity analysis was performed excluding this trial.

Results

Four trials were included; the main patient characteristics are reported
in Table 1. The risk of bias was low in all studies, both globally and in
individual domains (see Supplementary material online, Figure S5).

The network plot was shaped as a star with six nodes. As for the
HELIOS-B trial, results are presented for the whole population treated
with vutrisiran (i.e. with or without tafamidis), and also separately for
vutrisiran monotherapy.

Primary endpoint
Considering the primary endpoint (all-cause mortality or cardiovascular
hospitalization), tafamidis and vutrisiran (either combined with

Table 1 Main patient characteristics
Study Treatment Patient Age, median ATTRwt, n Males, n NYHA I-ll, n NT-proBNP, median
n (IQR) (%) (%) (%) (IQR)
ATTR-ACT? Tafamidis 264 75 (46-88) 201 (76) 241 (91) 186 (71) 2996 (1752-4862)
Placebo 177 74 (51-89) 134 (76) 157 (88) 114 (64) 3161 (1864-4825)
ATTRIBUTE-CM®  Acoramidis 421 77+ 7% 380 (90) 384 (91) 344 (82) 2326 (1332-4019)
Placebo 21 77«77 191 (91) 186 (88) 179 (85) 2306 (1128-3754)
APOLLO-B* Patisiran 181 76 (47-85) 144 (80) 161 (89) 166 (92) 2008 (1135-2921)
Placebo 178 76 (41-85) 144 (81) 160 (90) 165 (90) 1813 (952-3079)
HELIOS-B® Vutrisiran 326 77 (45-85) 289 (89) 299 (92) 299 (92) 2021 (1138-3312)
Placebo 329 76 (46-85) 289 (88) 306 (93) 293 (90) 1801 (1042-3082)
Vutrisiran 196 78 (46-85) 173 (88) 178 (91) 187 (96) 2402 (1322-3868)
(mono)
Placebo 199 76 (53-85) 174 (87) 183 (92) 181 (91) 1865 (1067—3099)

Age available only as mean and standard deviation. ATTRwt, wild-type transthyretin amyloidosis; IQR, interquartile range; NT-proBNP, N-terminal pro-B-type natriuretic peptide;

NYHA, New York Heart Association.
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Figure 1 Treatment comparisons: primary endpoint. League heat table for the primary endpoint (all-cause mortality or cardiovascular hospitaliza-
tion) showing the relative treatment effect for direct and indirect comparisons in terms of hazard ratio (and 95% credible intervals, Crl) for the treat-

ment on top compared to the treatment on the right.

tafamidis or as a monotherapy) conferred a significant survival benefit
compared to placebo (see Supplementary material online, Figure S6).
Tafamidis showed the greatest relative reduction in the occurrence
of the primary outcome as compared to placebo (HR 0.69, 95% Crl
from 0.53 to 0.88), followed by vutrisiran monotherapy (HR 0.74,
95% Crl from 0.58 to 0.91); acoramidis showed a trend towards benefit
as compared to placebo (HR 0.76, 95% Crl from 0.56 to 1.03). In indir-
ect comparisons, there was no clear evidence of a larger absolute risk
reduction for any drug, although there was a signal of a larger effect of
tafamidis compared to patisiran, but not to acoramidis or vutrisiran
(Figure 1).

Secondary endpoints

The analysis of changes in 6MWD and KCCQ-OS scores suggested that
all the active treatments were significantly more effective than placebo
in mitigating the decline in functional capacity and Qol, except patisiran
for 6MWD (see Supplementary material online, Figure S7).

Patients on all active treatments displayed less pronounced declines
in 6MWD during follow-up. In absolute values, the difference between
tafamidis and placebo was equal to 59 m, between acoramidis and pla-
cebo to 40 m, between vutrisiran monotherapy and placebo to 32 m,
and between vutrisiran overall (i.e. =+ tafamidis) and placebo to 27 m.
All differences were significant. From indirect comparisons between
drugs, significant differences emerged between tafamidis and vutrisiran
monotherapy (absolute difference 27 m favouring tafamidis) and be-
tween tafamidis and vutrisiran overall (33 m, favouring tafamidis)
(Figure 2A).

Patients on all active treatments displayed also lower decreases in
KCCQ-OS scores compared to placebo. In absolute values, the differ-
ence between tafamidis and placebo was equal to 11 points, between
acoramidis and placebo to 10 points, between vutrisiran monotherapy

and placebo to 9 points, between vutrisiran overall and placebo to 6
points, and between patisiran and placebo to 4 points. From indirect
comparisons between drugs, significant differences emerged between
tafamidis and patisiran (absolute difference 7 points, favouring tafami-
dis), and between acoramidis and patisiran (6 points, favouring acorami-
dis) (Figure 2B).

Treatment ranking

Active treatments and the placebo were ranked according to the extent
of reduction in the primary endpoint. Tafamidis was the treatment con-
ferring the lowest risk for the primary endpoint (SUCRA = 82%), fol-
lowed by vutrisiran monotherapy (70%) (Figure 3). Even for the
change in 6MWD, the curve of tafamidis was consistently over the
curves of the other treatments (97%), followed by acoramidis (69%)
(Figure 4A). For the KCCQ-OS changes, tafamidis had the highest
SUCRA (87%), followed by acoramidis (79%), and then by vutrisiran
monotherapy (67%) (Figure 4B).

Sensitivity analyses

When excluding the ATTR-ACT trial from the analysis, only vutrisiran
or vutrisiran in monotherapy conferred a significant prognostic benefit
in terms of all-cause death and HF hospitalizations as compared to pla-
cebo (HR 0.73, 95% Crl from 0.58 to 0.91 and HR 0.79, 95% Crl from
0.66 to 0.94, respectively). No significant difference between drugs
emerged from indirect comparisons.

Acoramidis, vutrisiran and vutrisiran in monotherapy performed bet-
ter than placebo in reducing the decline in 6MWD and KCCQ-OS.
Moreover, patisiran was better than placebo in preserving QoL, while
acoramidis performed better than patisiran (Table 2).
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Table 2 Sensitivity analysis excluding the ATTR-ACT trial

All cause death or CV hospitalization

A6MWD AKCCQ-0Os

Vutrisiran (monotherapy)
Acoramidis

Vutrisiran

Patisiran

Vutrisiran (monotherapy)
Acoramidis

Vutrisiran

Vutrisiran (monotherapy)
Acoramidis

vs. placebo

vs. patisiran

vs. vutrisiran

HR (95% Crl)

0.73 (0.58; 0.91
0.76 (0.56; 1.03
0.79 (0.66; 0.94
0.91 (0.71; 1.15

0.85 (0.57; 1.24
0.89 (0.65; 1.18
0.93 (0.69; 1.23
0.97 (0.67; 1.37

m (95% Crl)

values (95% Crl)

Vutrisiran (monotherapy) vs. acoramidis

)
)
)
)
0.82 (0.58; 1.12)
)
)
)
)
)

0.99 (0.66; 1.41

. —32 (=50; —14)° —9 (=13; —4)*
—40 (—58; =21)° —10 (—14; —6)°
i —26 (—40; —13)° —6 (=9; —2)°
—13 (=72; +44) —4(-8;0)
—19 (—80; +42) —5 (=11;+1)
—26 (—87;+35) —6 (=12, —1)?
—13 (—73; +46) —2(=7;+3)
—6 (=28;+17) —3(=9;+3)
—13 (=36;+10) —4(=9:+1)
—8 (=33;+19) —1(=7,+5)

?Indicates P < 0.05. 6MWD, 6-minute walk distance; Crl, credible interval; CV, cardiovascular; HR, hazard ratio; KCCQ-OS: Kansas City Cardiomyopathy Questionnaire-Overall

Summary.

Only vutrisiran in monotherapy showed a curve consistently higher
than other treatments for the primary endpoint, while for both second-
ary endpoints acoramidis had the highest SUCRA, followed by vutrisir-
an in monotherapy (Figure 5).

Discussion

We compared the efficacy of tafamidis, acoramidis, patisiran and vutrisiran
in patients with ATTR-CA through a dedicated statistical approach called
NMA. Although there was no clear evidence of a larger absolute risk
reduction for any drug in indirect comparisons, tafamidis demonstrated
the greatest benefit in survival, hospitalization reduction, and QoL

improvement, followed by vutrisiran and acoramidis. Sensitivity analyses
excluding the ATTR-ACT trial, which included patients with a more se-
vere disease, confirmed vutrisiran efficacy over acoramidis and patisiran.

As the first approved disease-modifying treatment for ATTR-CA
without neuropathy, tafamidis remains the benchmark in ATTR-CA
therapy. The ATTR-ACT trial demonstrated its superiority over pla-
cebo in improving survival rates and secondary endpoints, including
functional capacity and Qol, over a 30-month follow-up. This NMA
confirms tafamidis role in clinical practice as a therapeutic option for
ATTR-CA, highlighting its robust and sustained impact on both prog-
nostic and QoL indicators.

Among other treatments, vutrisiran monotherapy conferred a sur-
vival benefit comparable to tafamidis. The trial findings, confirmed by
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Figure 5 Sensitivity analysis: surface under the cumulative ranking curve (SUCRA) plot. SUCRA plot showing the likelihood of ranking for each treat-
ment for the primary endpoint (A) and secondary endpoints of changes in 6-minute walk distance (6MWD; B) and Kansas City Cardiomyopathy
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this NMA, also highlighted vutrisiran and acoramidis notable impact on
functional capacity and QoL measures, with a high ranking concerning
changes in 6MWD and KCCQ-OS, thereby positioning it as viable
single-agent options in managing ATTR-CA.

Importantly, the ATTR-ACT trial, which underpins tafamidis approval,
involved a patient cohort representing a more advanced disease, with a
higher prevalence of hereditary ATTR and with different background
pharmacological therapy than those in recent trials assessing alternative
disease-modifying drugs like vutrisiran and acoramidis. This discrepancy
in baseline clinical characteristics may partially explain tafamidis superior ef-
fect size in survival and hospitalization outcomes. Indeed, more severe clin-
ical presentations in the ATTR-ACT cohort might have amplified the
impact of tafamidis on critical endpoints, potentially skewing direct
comparisons with newer agents. Sensitivity analyses performed in this
NMA, including the exclusion of data from ATTR-ACT trial, corroborate
this hypothesis.

The possibility of combining therapies, particularly those with differ-
ent mechanisms of action, represents an exciting avenue for advancing
ATTR-CA treatment. The HELIOS-B trial explored this approach by
not only allowing concurrent tafamidis with vutrisiran but also providing
preliminary data on the feasibility and efficacy of combination therapy.
Although data are still limited, combining TTR stabilizers like tafamidis
with TTR synthesis inhibitors like vutrisiran might theoretically offer
synergistic benefits by addressing different facets of the ATTR amyloi-
dogenic pathophysiology. However, there is some insight from our
NMA that vutrisiran monotherapy may be superior to the combination
with tafamidis; this finding, possibly related to the more limited room
for improvement in patients receiving tafamidis at baseline, is worth
of further investigation. Moreover, the economic implications of dual
therapies are a critical consideration, given the substantial costs asso-
ciated with these agents. In addition to its efficacy, vutrisiran subcutane-
ous administration every three months offers a practical advantage over
the daily oral dosing required for tafamidis, which could improve patient
adherence and Qol. Furthermore, phase 3 trials on monoclonal
antibodies (NCT06183931) or gene editing (NCT06128629) are
underway, and are expected to provide additional treatment options
for patients with ATTR-CA, requiring further analyses about the
relative efficacy and cost-effectiveness of single therapies and combined
approaches.

In a recent meta-analysis adopting a frequentist approach, TTR-
targeting therapies were confirmed to improve survival in patients

with ATTR-CA, with no significant efficacy differences reported be-
tween TTR stabilizers and gene-silencing agents.* Noteworthy, a
post-hoc network meta-analysis suggested that patisiran and tafamidis
ranked highest for reducing all-cause and CV mortality. While these
observations are consistent with our findings on tafamidis, they are
more difficult to reconcile for patisiran, which did not demonstrate
superiority over placebo for hard outcomes (all-cause mortality,
all-cause hospitalizations, and urgent heart failure visits) in the
APOLLO-B trial.*

Several limitations must be acknowledged. First, and more import-
ant, differences in trial design and in study populations complicate dir-
ect efficacy comparisons, and any definite conclusion cannot be drawn
from the present analyses. For example, a longer follow-up may reveal
more pronounced effects on mortality and hospitalization. To address
this limitation, all analyses were performed accounting for follow-up
duration., Nevertheless, the relatively short follow-up of the
APOLLO-B trial may have contributed to the negative findings for pa-
tisiran and should be taken into account when interpreting these re-
sults. The variability in primary endpoint definition further limits
comparability, with APOLLO-B focusing specifically on HF events ra-
ther than broader cardiovascular outcomes, potentially underestimat-
ing the impact of patisiran on survival outcomes. Additionally, baseline
patient characteristics, such as age and disease severity, varied be-
tween trials, which may influence drug efficacy perception. For ex-
ample, the pronounced effect size of tafamidis observed in the
ATTR-ACT trial may be partly attributed to the older and more se-
verely affected cohort included in the study. This was the reason
why we ran a sensitivity analysis excluding this study. Another possible
confounder is tafamidis therapy as part of background treatment after
12 months, in ATTRIBUTE-CM, or from study start, in APOLLO-B
and HELIOS-B. Tafamidis therapy could potentially alter outcomes
in ways not fully accounted for within the NMA framework, and
only the HELIOS-B trial considered patients on tafamidis treatment
at baseline or not as separate subgroups. Finally, the relatively small
number of trials does not permit the performance of additional sensi-
tivity analyses.

In conclusion, this first comparison of tafamidis with all other therap-
ies for ATTR-CA, limited by difference in trial characteristics, suggests
that tafamidis may have the highest efficacy in improving outcome of
ATTR-CA patients, with vutrisiran and acoramidis also providing signifi-
cant prognostic benefit.
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Supplementary material is available at European Heart Journal Open
online.
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