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Aims HELIOS-A was a Phase 3, open-label study of vutrisiran, an RNA interference therapeutic, in patients with hereditary
transthyretin (ATTRv) amyloidosis with polyneuropathy. This analysis evaluated vutrisiran’s impact on exploratory
cardiac endpoints in HELIOS-A patients.
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Methods
and results

Patients were randomized 3:1 to subcutaneous vutrisiran 25 mg every 3 months or intravenous patisiran 0.3 mg/kg
every 3 weeks (reference group) for 18 months. Exploratory cardiac endpoints included change from baseline in
N-terminal prohormone of brain-type natriuretic peptide (NT-proBNP) and echocardiographic parameters versus
external placebo (APOLLO study). The modified intent-to-treat (mITT) population comprised randomized patients
receiving any study drug (n=122). A cardiac subpopulation with evidence of cardiac amyloid involvement (n= 40) was
prespecified. 99mTc scintigraphy exploratory assessments in a planned vutrisiran-treated cohort at select sites were
compared with baseline. At Month 18, vutrisiran demonstrated beneficial effects on NT-proBNP versus external
placebo in the mITT and cardiac subpopulations (adjusted geometric mean fold change ratio [95% confidence
interval] 0.480 [0.383–0.600], p= 9.606× 10−10 and 0.491 [0.337–0.716], p= 0.0004, respectively). Benefits or
trends towards benefit in echocardiographic parameters versus external placebo were observed for both populations.
In 99mTc scintigraphy assessments, 32/47 (68.1%) and 31/48 (64.6%) patients exhibited reduced normalized left
ventricular total uptake and heart-to-contralateral lung ratio, respectively. Perugini grade was reduced or unchanged
versus baseline in 55/57 (96.5%) evaluable patients. No increase in cardiac adverse events was observed with vutrisiran
versus external placebo.
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Conclusions Vutrisiran demonstrated evidence of potential benefit on cardiac manifestations in patients with ATTRv amyloidosis
with polyneuropathy, with an acceptable safety profile.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

*Corresponding author. Department of Cardiology, Hospital Universitario Puerta de Hierro, Manuel de Falla, 2, 28222 Madrid, Spain. Tel: +34 91 191 7297, Fax: +34 91 191

7718, Email: pablogpavia@yahoo.es

© 2024 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and
reproduction in any medium, provided the original work is properly cited and is not used for commercial purposes.

https://orcid.org/0000-0002-5470-2257
https://orcid.org/0000-0002-1768-2373
https://orcid.org/0000-0003-0934-9631
http://creativecommons.org/licenses/by-nc/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1002%2Fejhf.3138&domain=pdf&date_stamp=2024-02-06


398 P. Garcia-Pavia et al.

Graphical Abstract

Vutrisiran demonstrated beneficial effects on N-terminal prohormone of brain-type natriuretic peptide (NT-proBNP) and other prespecified
exploratory echocardiographic parameters versus external placebo in both a modified intent-to-treat (mITT) population and a cardiac subpopulation
at Month 18. In a planned cohort undergoing 99mTc scintigraphy assessments, a majority of vutrisiran-treated patients experienced reduced or
stabilized radiotracer uptake versus baseline. Vutrisiran demonstrated evidence of potential benefit on cardiac manifestations in patients with
hereditary transthyretin (ATTRv) amyloidosis with polyneuropathy, and an acceptable safety profile, including no cardiac safety concerns. CI,
confidence interval; LV, left ventricular; Q3M, every 3 months; SC, subcutaneous. aIn a planned cohort.
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Introduction
Hereditary transthyretin (ATTRv [v for variant]) amyloidosis, also
known as hATTR amyloidosis, is a rapidly progressive, debili-
tating, and fatal disease caused by variants in the transthyretin
(TTR) gene, resulting in misfolded TTR accumulating as amyloid
deposits in multiple organs, including the nerves and heart.1–4

Most patients develop a mixed phenotype of polyneuropathy and
cardiomyopathy.5

Cardiac deposition of TTR amyloid fibrils can lead to progres-
sive biventricular wall thickening, systolic and diastolic dysfunction, ..
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. atrial and ventricular arrhythmias, conduction disorders, restric-
tive cardiomyopathy, progressive heart failure, and death.6,7

Cardiac involvement in ATTRv amyloidosis impacts prognosis,
with a median post-diagnosis survival time of 3.4 years without
disease-modifying treatment.8–10 Cardiac manifestations of ATTRv
amyloidosis can be assessed through plasma levels of cardiac
biomarkers (e.g. N-terminal prohormone of brain-type natriuretic
peptide [NT-proBNP] and troponins) and imaging techniques,
including echocardiography and technetium-99m (99mTc) scintig-
raphy. The latter is a well-accepted method for diagnosis of
transthyretin-mediated (ATTR) amyloidosis with cardiomyopathy
as part of a highly sensitive and specific algorithm,11 though the
utility of scintigraphy as a clinical monitoring tool is uncertain.12,13

© 2024 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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As ATTRv amyloidosis is rapidly progressive, early, effective
treatment targeting underlying amyloidogenesis and addressing
the multisystem manifestations is imperative. Current treatment
options for the cardiomyopathy of ATTRv amyloidosis are limited.
Gene silencing approaches including RNA interference (RNAi)
therapeutics and antisense oligonucleotides are being investigated
in ongoing clinical trials for this indication.14–16

Vutrisiran is a subcutaneously (SC) administered RNAi thera-
peutic targeting hepatic production of variant and wild-type TTR17

that utilizes enhanced stabilization chemistry to increase potency
and impart high metabolic stability, allowing for infrequent dosing.
In the Phase 3, global, randomized, open-label HELIOS-A study
(NCT03759379), vutrisiran demonstrated significant benefits
in patients with ATTRv amyloidosis with polyneuropathy when
compared with an external placebo group from the patisiran
APOLLO study,18 and was subsequently approved for the treat-
ment of the polyneuropathy of ATTRv amyloidosis.19 Here, we
report the impact of vutrisiran on exploratory cardiac endpoints
from the HELIOS-A study in the modified intent-to-treat (mITT)
population and in a prespecified subpopulation with evidence of
cardiac amyloid involvement.

Methods

Study oversight
The HELIOS-A study protocol and amendments were approved by the
relevant Institutional Review Board or Independent Ethics Committee.
The study was conducted in accordance with all applicable regulatory
requirements, the current guidelines of Good Clinical Practice, and the
principles that have their origin in the Declaration of Helsinki. Written
informed consent was obtained from all patients.

Study design and treatment
The HELIOS-A study design has been previously described.18 Briefly,
patients were enrolled between February 2019 and March 2020
and randomized 3:1 to vutrisiran 25 mg SC every 3 months or
patisiran 0.3 mg/kg intravenously every 3 weeks (as a reference
group), stratified by TTR genotype (V30M vs. non-V30M) and baseline
Neuropathy Impairment Score (NIS; <50 vs. ≥50). The placebo group
of the APOLLO study,20 which assessed the efficacy and safety of
patisiran in patients with ATTRv amyloidosis with polyneuropathy
and had similar eligibility criteria and endpoints to HELIOS-A, was
used as the external control for the primary and most secondary and
exploratory endpoints.

Patients
Eligible patients were aged 18–85 years with a diagnosis of ATTRv
amyloidosis (with any documented variant), polyneuropathy demon-
strated by a baseline NIS of 5–130, a Polyneuropathy Disability (PND)
score of ≤IIIb, a Karnofsky Performance Status score of ≥60%, and
adequate liver and renal function. Patients with prior use of TTR sta-
bilizers were permitted to participate following a specified washout
period, but use of these agents was not permitted during the study.
Patients with New York Heart Association (NYHA) Class III or IV heart ..
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.. failure were excluded. The HELIOS-A mITT population was defined as
all randomized patients who received any amount of study drug. A car-
diac subpopulation of the HELIOS-A study was prespecified, defined as
patients with baseline left ventricular (LV) wall thickness≥1.3 cm and
no medical history of aortic valve disease or hypertension, matching
the cardiac subpopulation criteria from the APOLLO study.20

Cardiac efficacy and safety outcomes
Assessments of cardiac measures were included as exploratory end-
points in the HELIOS-A study. These included change from baseline
to Month 18 in NT-proBNP and echocardiographic parameters in the
mITT population and the cardiac subpopulation. Exploratory assess-
ment of change from baseline to Month 18 for 99mTc scintigraphy
parameters was conducted in a planned cohort of the overall study
population at select sites participating in collecting scintigraphy data.

NT-proBNP levels and echocardiographic parameters were
assessed at baseline, Month 9, and Month 18. Echocardiographic
parameters prespecified in the HELIOS-A statistical analysis plan21 for
the mITT population and cardiac subpopulation at Month 18 (mean LV
wall thickness, LV mass, global longitudinal strain, cardiac output, and
LV end-diastolic volume) are reported. LV stroke volume, although
not prespecified, is also a measure of overall cardiac function and an
important prognostic factor in patients with ATTR amyloidosis.22–24

It was calculated by subtracting LV end-systolic volume from LV
end-diastolic volume and is reported here. At select sites, 99mTc
scintigraphy was performed at baseline and Month 18 to assess cardiac
amyloid involvement. All patients enrolled at participating 99mTc
scintigraphy sites were invited to participate and were not selected
according to any additional criteria. Based on local practice for 99mTc
scintigraphy, either 99mTc-pyrophosphate, 99mTc-3,3-diphosphono-1,
2-propanodicarboxylic acid, or 99mTc-hydroxymethylene diphospho-
nate was used as the tracer. Changes from baseline to Month 18
in 99mTc scintigraphy parameters were assessed quantitatively by
normalizing counts of radiotracer uptake in the heart to uptake in the
contralateral lung to account for background (heart-to-contralateral
lung [H/CL] ratio) and to the total amount of radiotracer adminis-
tered (normalized LV total uptake).25 Changes were also assessed
semi-quantitatively using Perugini grading, an established grading
system utilized in the diagnosis of cardiac amyloidosis, assigned based
on a visual assessment of radiotracer uptake in the myocardium versus
the ribs.26,27 The 99mTc scintigraphy results are only reported for
vutrisiran-treated patients. NT-proBNP, echocardiography and 99mTc
scintigraphy data were each analysed at a central laboratory blinded
to patient treatment group assignment.

Cardiac safety events were reported based on the Medical Dictio-
nary for Regulatory Activities (MedDRA) classifications: cardiac disor-
ders (system organ class), cardiac arrhythmia (high-level group term),
and cardiac failure (standardized MedDRA query). The proportion
of patients reporting cardiac events was evaluated, including cardiac
adverse events (AEs), cardiac serious AEs (SAEs), and events related
to heart failure and cardiac arrhythmias.

Statistical analysis
Changes from baseline to Month 18 in NT-proBNP and prespecified
echocardiographic parameters were assessed in the mITT population
and the cardiac subpopulation. The placebo group of the APOLLO
study28 was used as the external control for NT-proBNP and echocar-
diographic parameters. Treatment effects on these variables were

© 2024 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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estimated using mixed-effects models for repeated measures. The
model included baseline value as a continuous covariate, treatment
and visit as categorical factors, and an interaction term of treatment
by visit. A natural log transformation was applied to NT-proBNP
data because of skew detected in the APOLLO study.29 A post
hoc NT-proBNP quartile analysis was also performed, in which
patients were divided into four subgroups based on their baseline
NT-proBNP levels (ng/L): quartile (Q)1: ≤93.8 (placebo, n= 10;
vutrisiran, n= 40), Q2: >93.8–≤384.2 (placebo, n= 20; vutrisiran,
n= 29), Q3: >384.2–≤1170.5 (placebo, n= 23; vutrisiran, n= 26),
and Q4: >1170.5 (placebo, n= 22; vutrisiran, n= 27). As all endpoints
were exploratory, reported p-values are nominal (alpha level 0.05).
Numerical changes of a measure in a favourable direction that did
not reach statistical significance were taken to be suggestive of a
trend towards benefit. The quartile data are summarized descriptively
(geometric mean ± standard error of the mean [SEM]) due to the
limitation of sample size within each quartile.

Changes from baseline to Month 18 for 99mTc scintigraphy param-
eters were assessed in patients from the HELIOS-A mITT population
who underwent 99mTc scintigraphy, and a post hoc analysis was
performed in a subgroup of these patients who had baseline Perugini
grade≥2, the accepted threshold for non-invasive diagnosis of ATTR
amyloidosis with cardiomyopathy.4 99mTc scintigraphy parameters were
not assessed in the APOLLO study; therefore, the results at Month 18
were compared with baseline only and are summarized descriptively.

Cardiac safety events were assessed in both the mITT population
and cardiac subpopulation for patients in the HELIOS-A study and the
APOLLO placebo group. Safety data are also summarized descriptively.

Results
Patients
A total of 164 patients were randomized and treated in the
HELIOS-A study, 122 (74.4%) of whom received vutrisiran (mITT
population). Of these 122, 40 (32.8%) were also included in
the cardiac subpopulation according to the predefined criteria.
By comparison, the mITT population of the APOLLO placebo
group comprised 77 patients, of whom 36 (46.8%) were included
in the cardiac subpopulation. The baseline demographics and
clinical characteristics in the vutrisiran-treated groups of the mITT
population and HELIOS-A cardiac subpopulation were largely
overlapping and clinically comparable to the placebo groups of the
corresponding populations in APOLLO (Table 1).

In both HELIOS-A and APOLLO, the most common TTR variant
was V30M (online supplementary Table S1). Differences were
seen in concomitant treatments in the HELIOS-A and APOLLO
groups at baseline; in the mITT population, a greater proportion of
patients in the external placebo group were receiving furosemide
compared with the vutrisiran group, while in the cardiac subpopu-
lation, a greater proportion of patients were receiving β-blockers,
furosemide, or spironolactone in the vutrisiran group compared
with the external placebo group. In the cardiac subpopulation, pre-
vious use of tafamidis was greater in the vutrisiran group (42.5%)
than the external placebo group (25.0%). A higher proportion of
patients had pacemakers in the external placebo group than in
the vutrisiran group (24.7% vs. 7.4% in the mITT population, and
25.0% vs. 5.0% in the cardiac subpopulation, respectively). Baseline ..
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.. demographics and disease characteristics for the planned cohort of
patients in HELIOS-A who underwent 99mTc scintigraphy (n= 64)
and the subgroup with Perugini grade≥2 at baseline (n= 35)
are shown in online supplementary Table S2. Of note, 20 of the
64 (31.3%) patients who underwent 99mTc scintigraphy met the
criteria for the cardiac subpopulation, and of these patients, 17/20
(85.0%) had Perugini grade ≥2 at baseline. A higher proportion
of patients in the overall 99mTc scintigraphy group had previous
tafamidis use (43.8%) than in the subgroup of patients with Perugini
grade ≥2 (31.4%).

Efficacy

NT-proBNP levels

In the mITT population, baseline NT-proBNP levels were lower
in the vutrisiran group compared with the external placebo group
(geometric mean± SEM, 273.0± 42.2 ng/L vs. 531.3± 86.7 ng/L,
respectively) (Table 1). Vutrisiran demonstrated a beneficial
effect on NT-proBNP levels at Month 9, which was sustained to
Month 18, compared with the respective external placebo group
(Figure 4). In the mITT population at Month 18, the adjusted
geometric mean fold change ratio (95% confidence interval [CI])
for NT-proBNP with vutrisiran compared with external placebo
was 0.480 (0.383–0.600 [p= 9.606×10−10]) (Figure 1A) (Graphical
Abstract). Geometric mean± SEM NT-proBNP levels decreased
from 273.0± 42.2 ng/L at baseline to 227.2± 37.0 ng/L in the
vutrisiran group but increased from 531.3± 86.7 ng/L at baseline
to 844.4± 167.0 ng/L in the external placebo group at Month 18.
Additionally, in the mITT population, the data were consistent
with a benefit of vutrisiran compared with external placebo across
all quartiles of baseline NT-proBNP levels at Month 18, although
statistical testing was not performed to evaluate this treatment
effect due to the limited patient numbers in each quartile (online
supplementary Figure S1).

In the cardiac subpopulation, NT-proBNP levels at baseline
were comparable between the vutrisiran and external placebo
groups (median: 824.8 ng/L and 845.7 ng/L respectively) (Table 1).
The adjusted geometric mean fold change ratio (95% CI) at
Month 18 for vutrisiran compared with external placebo was
0.491 (0.337–0.716 [p= 0.0004]) (Figure 1B). In the cardiac sub-
population, geometric mean± SEM NT-proBNP levels decreased
from 748.1±163.2 ng/L at baseline to 614.4± 154.7 ng/L in the
vutrisiran group but increased from 711.1± 151.1 ng/L at baseline
to 1116.7± 320.8 ng/L in the external placebo group at Month 18.

Echocardiographic parameters

Baseline echocardiographic parameters were generally similar
between the vutrisiran and external placebo groups in the mITT
population, although LV mass and LV end-diastolic volume were
numerically lower in the vutrisiran mITT population compared with
the external placebo mITT population (Table 1).

In the mITT population at Month 18, vutrisiran demonstrated
nominally significant benefits in cardiac output, LV end-diastolic
volume, and LV stroke volume compared with external placebo,

© 2024 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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Table 1 Baseline patient demographics and clinical characteristics for the modified intent-to-treat population and
cardiac subpopulation

APOLLO
mITT population
placebo
(n= 77)

HELIOS-A
mITT population
vutrisiran
(n= 122)

APOLLO
cardiac
subpopulation
placebo (n= 36)

HELIOS-A cardiac
subpopulation
vutrisiran
(n= 40)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Age, years, median (range) 63 (34–80) 60 (26–85) 62.0 (43–80) 63.5 (26–81)
Male sex, n (%) 58 (75.3) 79 (64.8) 30 (83.3) 32 (80.0)
Race, n (%)

White/Caucasian 50 (64.9) 86 (70.5) 16 (44.4) 29 (72.5)
Asian 25 (32.5) 21 (17.2) 18 (50.0) 10 (25.0)
Black or African American 1 (1.3) 4 (3.3) 1 (2.8) 0
Other or unknowna 1 (1.3) 11 (9.0) 1 (2.8) 1 (2.5)

Region
North America 10 (13.0) 27 (22.1) 7 (19.4) 5 (12.5)
Western Europe 36 (46.8) 42 (34.4) 12 (33.3) 12 (30.0)
Rest of the world 31 (40.3) 53 (43.4) 17 (47.2) 23 (57.5)

Time since ATTRv amyloidosis diagnosis,
years, median (range)

1.41 (0.0–16.5) 1.94 (0.0–15.3) 1.20 (0.1–8.8) 1.13 (0.0–12.5)

TTR genotype, n (%)
V30M 40 (51.9) 54 (44.3) 12 (33.3) 10 (25.0)
Early-onset V30M (<50 years) 10 (13.0) 25 (20.5) 2 (5.6) 1 (2.5)
Non-V30Mb 37 (48.1) 68 (55.7) 24 (66.7) 30 (75.0)

PND score, n (%)
I 20 (26.0) 44 (36.1) 7 (19.4) 9 (22.5)
II 23 (29.9) 50 (41.0) 12 (33.3) 16 (40.0)
IIIA 22 (28.6) 16 (13.1) 12 (33.3) 7 (17.5)
IIIB 11 (14.3) 12 (9.8) 5 (13.9) 8 (20.0)
IV 1 (1.3) 0 0 0

NIS, n (%)
<50 35 (45.5) 78 (63.9) 12 (33.3) 19 (47.5)
≥50–<100 33 (42.9) 39 (32.0) 18 (50.0) 19 (47.5)
≥100 9 (11.7) 5 (4.1) 6 (16.7) 2 (5.0)

Previous tetramer stabilizer use, n (%)
Tafamidis 27 (35.1) 53 (43.4) 9 (25.0) 17 (42.5)
Diflunisal 14 (18.2) 22 (18.0) 8 (22.2) 8 (20.0)

Cardiac implanted devices, n (%)
Pacemaker 19 (24.7) 9 (7.4) 9 (25.0) 2 (5.0)
Defibrillator 0 2 (1.6) 0 1 (2.5)

Medical history, n (%)
Supraventricular arrhythmias 14 (18.2) 12 (9.8) 6 (16.7) 5 (12.5)
Atrial fibrillation 6 (7.8) 5 (4.1) 3 (8.3) 3 (7.5)

Baseline treatment, n (%)
β-blockersc 16 (20.8) 21 (17.2) 2 (5.6) 9 (22.5)
ACE inhibitorsd 14 (18.2) 14 (11.5) 0 3 (7.5)
Furosemide 29 (37.7) 19 (15.6) 7 (19.4) 14 (35.0)
Spironolactone 5 (6.5) 9 (7.4) 2 (5.6) 4 (10.0)
Hydrochlorothiazidee 10 (13.0) 6 (4.9) 1 (2.8) 2 (5.0)
Torasemide 2 (2.6) 1 (0.8) 0 0

NYHA classf, n (%)
No heart failure N/A 68 (55.7) N/A 16 (40.0)
I 40 (51.9) 11 (9.0) 16 (44.4) 4 (10.0)
II 36 (46.8) 43 (35.2) 20 (55.6) 20 (50.0)

NT-proBNPg, ng/L
Median (Q1, Q3) 562.8 (235.5, 1580.7) 287.4 (67.8, 965.0) 845.7 (373.2, 1581.7) 824.8 (323.3, 1933.0)
Geometric mean (SEM) 531.3 (86.7) 273.0 (42.2) 711.1 (151.1) 748.1 (163.2)

© 2024 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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402 P. Garcia-Pavia et al.

Table 1 (Continued)

APOLLO
mITT population
placebo
(n= 77)

HELIOS-A
mITT population
vutrisiran
(n= 122)

APOLLO
cardiac
subpopulation
placebo (n= 36)

HELIOS-A cardiac
subpopulation
vutrisiran
(n= 40)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Echocardiographic parametersh

LV wall thickness, cm 1.568 (0.297) 1.367 (0.385) 1.639 (0.214) 1.649 (0.291)
LV mass, g 248.256 (78.480) 209.907 (91.749) 264.518 (77.709) 269.417 (87.863)
Global longitudinal strain, % −16.308 (3.722) −15.788 (4.024) −15.661 (3.513) −14.190 (3.925)
Cardiac output, L/min 4.171 (1.345) 3.861 (1.052) 3.918 (1.149) 3.837 (1.080)
LV end-diastolic volume, ml 90.396 (25.691) 83.644 (22.857) 84.899 (23.082) 84.179 (23.296)
LV stroke volume, mL 56.619 (18.386) 51.976 (14.190) 52.269 (14.385) 51.213 (14.033)
LV relative wall thickness 0.790 (0.175) 0.681 (0.247) 0.825 (0.116) 0.842 (0.203)
LV ejection fraction, % 62.660 (9.785) 62.946 (9.024) 62.208 (8.607) 61.951 (10.443)
Interventricular septum thickness, cm 1.599 (0.309) 1.403 (0.386) 1.666 (0.224) 1.678 (0.293)
Posterior wall thickness, cm 1.536 (0.293) 1.331 (0.411) 1.613 (0.212) 1.619 (0.322)

ACE, angiotensin-converting enzyme; ATTRv, hereditary transthyretin (v for variant); eCRF, electronic case report form; LV, left ventricular; mITT, modified intent-to-treat;
N/A, not available; NIS, Neuropathy Impairment Score; NT-proBNP, N-terminal prohormone of brain-type natriuretic peptide; NYHA, New York Heart Association; PND,
polyneuropathy disability; Q, quartile; SD, standard deviation; SEM, standard error of the mean; TTR, transthyretin.
aUnknown: mITT placebo n=1 (1.3%); cardiac subpopulation placebo n=1 (2.8%); other: mITT vutrisiran n=11 (9.0%), including 1 patient (0.8%) of more than one race;
cardiac subpopulation vutrisiran n=1 (2.5%).
bIn the HELIOS-A study, the non-V30M TTR genotype represents 15 different variants in the cardiac subpopulation and 21 different variants in the total mITT population.
cData include patients receiving selective or non-selective β-blockers.
dData include patients receiving an ACE inhibitor alone or in combination.
eData include patients receiving hydrochlorothiazide alone or in combination.
fNYHA class of ‘no heart failure’ was not included in the APOLLO eCRFs. NYHA class missing for 1 patient (1.3%) in the APOLLO placebo mITT population.
gNT-proBNP missing for 2 patients (2.6%) in the APOLLO placebo mITT population and 2 patients (5.6%) in the APOLLO placebo cardiac subpopulation.
hAll echocardiographic parameter data are mean (SD).

with least squares (LS) mean difference (standard error [SE])
of 0.587 (0.130) L/min (p=1.144×10−5), 10.489 (2.485) mL
(p= 4.021×10−5), and 7.837 (1.670) mL (5.754×10−6), respec-
tively. A non-significant trend towards benefit was observed in all
other prespecified echocardiographic parameters (mean LV wall
thickness, LV mass, and global longitudinal strain) (Figure 2).

In the cardiac subpopulation, baseline echocardiographic param-
eters were also generally similar between the vutrisiran and
external placebo groups. At Month 18, vutrisiran demonstrated
a nominally significant benefit in cardiac output and LV stroke
volume compared with external placebo (LS mean difference
[SE], 0.407 [0.196] L/min [p= 0.0426] and 7.212 [2.906] mL
[p= 0.0160], respectively). A non-significant trend towards ben-
efit was observed in all other prespecified echocardiographic
parameters (Figure 3).

99mTc scintigraphy parameters

Of the 64 vutrisiran-treated patients who underwent 99mTc scintig-
raphy at baseline (online supplementary Figure S2), 47 had evaluable
data for normalized LV total uptake at baseline and Month 18
(Figure 4A); of these, 25 were Perugini grade ≥2 at baseline
(Figure 4B). Evaluable data for H/CL ratio at both time points were
available for 48 patients (Figure 4A), of whom 26 were Perugini
grade≥2 at baseline (Figure 4B). Among these evaluable patients, 32
(68.1%) and 31 (64.6%) demonstrated reduction in cardiac 99mTc
uptake compared with baseline in normalized LV total uptake and
H/CL ratio, respectively (Figure 4). The mean (SE) normalized LV ..
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.. uptake decreased from 0.027 (0.004) at baseline to 0.015 (0.002) at

Month 18, corresponding to a mean (SE) change of −11.4% (8.0).
The mean (SE) H/CL ratio decreased from 6.200 (0.875) at baseline
to 3.393 (0.424) at Month 18, corresponding to a mean (SE) change
of −14.3% (7.8). Among patients with Perugini grade ≥2 at base-
line and evaluable data at Month 18, 25 (100.0%) and 20 (76.9%)
demonstrated reduction in normalized LV total uptake and H/CL
ratio, respectively. In this subset of patients, mean (SE) values for
normalized LV uptake decreased from 0.046 (0.005) at baseline to
0.024 (0.002) at Month 18 (mean [SE] change of −41.6% [4.7]), and
for H/CL ratio decreased from 10.028 (1.173) at baseline to 5.474
(0.587) at Month 18, (mean [SE] change of −33.8% [8.6]).

In the 99mTc scintigraphy population at baseline, Perugini grade
0, 1, 2, and 3 was observed in 27 (42.2%), 2 (3.1%), 3 (4.7%), and 32
(50.0%) patients, respectively (online supplementary Figure S2). Of
these 64 patients, 57 (89.1%) also had evaluable data for Perugini
grading at Month 18, of which 55 (96.5%) were unchanged (n= 39,
68.4%) or demonstrated a reduction of ≥1 Perugini grade (n=16,
28.1%) at Month 18 compared with baseline (Figure 5). Among 30
vutrisiran-treated patients with Perugini grade≥2 at baseline and
evaluable Month 18 99mTc scintigraphy data, 15 (50.0%) patients
experienced a reduction of≥1 Perugini grade, and the remaining 15
(50.0%) were unchanged at Month 18. Of note, 28 (93.3%) of these
patients had Perugini grade 3 at baseline and were therefore unable
to increase in grade by definition (Figure 5). Baseline and Month 18
99mTc scintigraphy coronal imaging for a vutrisiran-treated patient
are shown in Figure 6 for demonstration.

© 2024 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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Impact of vutrisiran on exploratory cardiac parameters 403

A

B

Figure 1 Adjusted geometric mean fold change from baseline in N-terminal prohormone of brain-type natriuretic peptide (NT-proBNP)
levels over time in the modified intent-to-treat population (A) and the cardiac subpopulation (B). NT-proBNP results shown at Month 9 and
Month 18 are mixed model for repeated measures model data. Number of evaluable patients at each time point are shown. CI, confidence
interval.

Safety
Overall safety data from HELIOS-A have been previously
reported.18 During the 18 months of the study, vutrisiran demon-
strated an acceptable safety profile. Three (2.5%) patients in the
vutrisiran group experienced AEs leading to study discontinuation
(one event each of acute cardiac failure, COVID-19 pneumonia,
and iliac artery occlusion). Two (1.6%) of these events (COVID-19
pneumonia and iliac artery occlusion) were fatal. None were
considered related to vutrisiran.

A detailed evaluation of cardiac events was performed in the
mITT population. Cardiac AEs (30.3% vs. 36.4%) and cardiac SAEs
(9.0% vs. 13.0%) occurred in similar proportions of patients in ..

..
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..
. the vutrisiran and external placebo groups, respectively (Table 2).

The majority of cardiac AEs in the vutrisiran group were mild
or moderate in severity, and no cardiac AEs were considered
related to vutrisiran. In the vutrisiran group, cardiac arrhyth-
mia AEs occurred in 24.6% of patients, with supraventricular
arrhythmias and cardiac conduction disorder being most com-
mon. Cardiac failure AEs were reported in 5.7% of patients.
Similar or higher incidences were observed in the external
placebo group.

In the cardiac subpopulation, incidences of cardiac AEs (37.5%
vs. 36.1%) and cardiac SAEs (15.0% vs. 11.1%) were similar in
vutrisiran and external placebo groups, respectively (Table 2).

© 2024 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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404 P. Garcia-Pavia et al.

Figure 2 Least squares (LS) mean change from baseline at Month 18 for prespecified echocardiographic parameters and left ventricular (LV)
stroke volume in the modified intent-to-treat (mITT) population. SE, standard error.

Figure 3 Least squares (LS) mean change from baseline at Month 18 for prespecified echocardiographic parameters and left ventricular (LV)
stroke volume in the cardiac subpopulation. SE, standard error.

© 2024 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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Impact of vutrisiran on exploratory cardiac parameters 405

A

B

Figure 4 Proportion of vutrisiran-treated patients in a planned 99mTc scintigraphy cohort with reduction or increase from baseline at Month
18 in normalized left ventricular (LV) total uptake and heart-to-contralateral lung (H/CL) ratio in all vutrisiran-treated patients undergoing
99mTc scintigraphy (A) and those with Perugini grade ≥2 at baseline (B). Analysis includes patients from a planned cohort of the modified
intent-to-treat population with evaluable data at baseline and Month 18. ‘Reduced’ refers to a negative change (<0 increase) from baseline to
Month 18 in the chosen measure and ‘increased’ refers to a >0 increase from baseline.

Cardiac arrhythmia AEs and cardiac failure AEs occurred in 32.5%
and 12.5% of vutrisiran-treated patients, respectively, compared
with incidences of 30.6% and 5.6% in the external placebo group.

Cardiac safety data for patisiran-treated patients in the mITT
and cardiac subpopulations of HELIOS-A are shown in online
supplementary Table S3.

Discussion
In this exploratory analysis from the HELIOS-A study in patients
with ATTRv amyloidosis with polyneuropathy, vutrisiran treatment
was associated with a beneficial impact on NT-proBNP levels and
either a nominally significant benefit or a trend towards benefit on
prespecified echocardiographic parameters compared with exter-
nal placebo in both the mITT population and cardiac subpopulation
after 18 months. Furthermore, in a planned subgroup of patients
who underwent 99mTc scintigraphy imaging and had evaluable data,
a majority of patients demonstrated reduced cardiac 99mTc uptake
compared with baseline. Vutrisiran was generally well tolerated;
no cardiac safety signals were observed, and the majority of
cardiac AEs were mild or moderate, with none deemed related to
treatment.

The beneficial treatment effect on NT-proBNP with vutrisiran
compared with external placebo was observed as early as Month
9 in both the mITT population and the cardiac subpopulation,
continuing up to Month 18 and reaching nominal significance in
both populations, suggesting that this sensitive biomarker may be ..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

.

Figure 5 Change from baseline in Perugini grade at Month 18 in
patients receiving vutrisiran undergoing 99mTc scintigraphy. Analy-
sis includes patients from the modified intent-to-treat population
with evaluable data at baseline and Month 18 (n= 57). Perugini
grade is a 0–3 scale, where 0 represents no cardiac uptake of the
radiotracer and normal bone uptake, 1 represents cardiac uptake
that is less than bone uptake, 2 represents cardiac uptake with a
similar intensity to bone uptake, and 3 represents cardiac uptake
with attenuated or absent bone uptake.

an early indicator of the effect of TTR-lowering RNAi therapeutics
on cardiac function. Indeed, levels of this biomarker are known
to increase progressively over the disease course,30,31 have been

© 2024 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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406 P. Garcia-Pavia et al.

Figure 6 Coronal images of the chest illustrating a reduction of one Perugini grade, from grade 3 at baseline to grade 2 at Month 18 following
treatment with vutrisiran.

Table 2 Cardiac safety events with vutrisiran in the modified intent-to-treat population and cardiac subpopulation

AE mITT population Cardiac subpopulation
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

APOLLO
placebo
(n= 77)

HELIOS-A
vutrisiran
(n= 122)

APOLLO
placebo
(n= 36)

HELIOS-A
vutrisiran
(n= 40)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Cardiac AEsa, n (%) 28 (36.4) 37 (30.3) 13 (36.1) 15 (37.5)
Cardiac serious AEsa, n (%) 10 (13.0) 11 (9.0) 4 (11.1) 6 (15.0)
Cardiac arrhythmia AEsb, n (%) 22 (28.6) 30 (24.6) 11 (30.6) 13 (32.5)
Supraventricular arrhythmiasb, n (%) 13 (16.9) 10 (8.2) 9 (25.0) 7 (17.5)
Cardiac conduction disordersb, n (%) 7 (9.1) 10 (8.2) 3 (8.3) 4 (10.0)
Ventricular arrhythmias and cardiac arrestb, n (%) 6 (7.8) 6 (4.9) 3 (8.3) 1 (2.5)
Rate and rhythm disordersb, n (%) 0 8 (6.6) 0 3 (7.5)
Cardiac failure AEsc, n (%) 8 (10.4) 7 (5.7) 2 (5.6) 5 (12.5)

AE, adverse event; MedDRA, Medical Dictionary for Regulatory Activities; mITT, modified intent-to-treat.
Cardiac AEs included acute myocardial infarction, angina pectoris, arrhythmia, atrial fibrillation, atrial flutter, atrial thrombosis, atrioventricular block, complete atrioventricular
block, first-degree atrioventricular block, second-degree atrioventricular block, bradycardia, left bundle branch block, right bundle branch block, cardiac amyloidosis,
cardiac failure, acute cardiac failure, chronic cardiac failure, congestive cardiac failure, conduction disorder, intraventricular conduction defect, myocardial ischemia,
palpitations, pericarditis, sinus node dysfunction, supraventricular extrasystoles, supraventricular tachycardia, tachyarrhythmia, tachycardia, paroxysmal tachycardia, trifascicular
block, ventricular extrasystoles, and ventricular tachycardia. Cardiac serious AEs included acute myocardial infarction, atrial fibrillation, atrioventricular block, complete
atrioventricular block, second-degree atrioventricular block, bradycardia, cardiac failure, acute cardiac failure, chronic cardiac failure, congestive cardiac failure, conduction
disorder, myocardial ischemia, pericarditis, sinus node dysfunction, and ventricular tachycardia. Supraventricular arrhythmias included atrial fibrillation, atrial flutter, sinus
bradycardia, sinus tachycardia, supraventricular extrasystoles, and supraventricular tachycardia. Cardiac conduction disorders included atrioventricular block, complete
atrioventricular block, first-degree atrioventricular block, second-degree atrioventricular block, left bundle branch block, right bundle branch block, conduction disorder,
intraventricular conduction defect, and trifascicular block. Ventricular arrhythmias and cardiac arrest included cardiac arrest, cardiorespiratory arrest, ventricular extrasystoles,
and ventricular tachycardia. Rate and rhythm disorders included arrythmia, bradycardia, tachyarrhythmia, tachycardia, and paroxysmal tachycardia. Cardiac failure AEs included
cardiac failure, congestive cardiac failure, acute cardiac failure, chronic cardiac failure, acute pulmonary oedema, cardiogenic shock, and pulmonary oedema.
aSystem organ class based on MedDRA.
bHigh-level group term.
cStandard MedDRA query, narrow scope term only.

shown to predict event-free survival and mortality risk in ATTR
amyloidosis,32–34 and are included in staging systems and consensus
statements on assessing disease progression,34–36 thus support-
ing the clinical significance of the observed treatment effect on
NT-proBNP levels. Importantly, a similar beneficial treatment
effect was observed across all baseline NT-proBNP quartiles, ..

..
..

..
..

..
..

..
. illustrating the potential impact of vutrisiran across the spectrum

of ATTRv amyloidosis cardiac disease severity. In the placebo
group, NT-proBNP levels worsened across baseline quartiles, as
expected based on the aggressive natural history of this disease,
and this suggests substantial cardiac disease progression in the
absence of effective therapy.9

© 2024 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.

 18790844, 2024, 2, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/ejhf.3138 by R

eadcube (L
abtiva Inc.), W

iley O
nline L

ibrary on [09/07/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



Impact of vutrisiran on exploratory cardiac parameters 407

Nominally significant or trends towards benefit with vutrisiran
treatment compared with external placebo were observed for all
prespecified echocardiographic parameters in the mITT popula-
tion and cardiac subpopulation by Month 18, also indicating the
possibility that vutrisiran may have a beneficial effect on important
measures of cardiac structure and function in patients with ATTRv
amyloidosis. The observed trends in echocardiographic parame-
ters are notable, as a worsening in echocardiographic parameters,
including wall thickness and global longitudinal strain, are included
in criteria for clinically significant ATTRv amyloidosis disease
progression.36,37 Further, parameters such as LV stroke volume
and global longitudinal strain are known to be associated with
mortality,22,38 with the latter also being associated with amyloid
burden in this patient population.39

To further explore a potential effect of TTR-lowering RNAi
therapeutics on cardiac disease in patients with ATTRv amyloido-
sis, scintigraphy imaging was undertaken in a planned cohort of
patients from the HELIOS-A mITT population. While a reduction
in cardiac uptake of 99mTc (as demonstrated by normalized LV total
uptake and H/CL ratio) compared with baseline was observed at
Month 18 in the majority of evaluable scintigraphy patients treated
with vutrisiran, the observation was particularly evident in patients
with evidence of more substantial cardiac involvement, as indicated
by a Perugini grade≥2 at baseline. Moreover, following 18 months
of vutrisiran treatment, just over a quarter of evaluable scintig-
raphy patients exhibited a reduction in Perugini grade compared
with baseline, with some patients demonstrating a reduction of
≥2 Perugini grades and ending below the standard threshold grade
for potential diagnosis of ATTR amyloidosis with cardiomyopathy.
While these data may indicate regression of cardiac amyloid,
the mechanism of 99mTc uptake in cardiac amyloid is currently
unknown, and reduced 99mTc uptake may not be directly associated
with clearance of amyloid deposits. Further placebo-controlled
studies are needed to understand the clinical significance of this
observation.40 Nevertheless, it is of interest that these findings
have not been observed in the absence of disease-modifying ther-
apy.12 These results add to previously reported observations in
patisiran-treated patients, which include reduction in extracellular
volume in patients with ATTRv amyloidosis with cardiomyopathy,
beneficial effects on cardiac structure and function compared
with placebo in patients with ATTRv amyloidosis with evidence
of cardiac involvement (APOLLO),29,41,42 and positive results on
a range of cardiac-relevant endpoints compared with placebo
at Month 12 in patients with ATTR amyloidosis with cardiomy-
opathy (APOLLO-B).16 Taken together, these data suggest that
TTR-lowering RNAi therapeutics could potentially lead to regres-
sion of cardiac amyloid and subsequent clinical benefit, and serve
as an encouraging basis for future longitudinal studies.

Importantly, vutrisiran also demonstrated an acceptable safety
profile, with no drug-related discontinuations, deaths, or cardiac
safety signals. The cardiac efficacy and safety of vutrisiran, including
its impact on long-term outcomes, is being investigated in the
Phase 3 HELIOS-B study (NCT04153149) in patients with ATTR
amyloidosis with cardiomyopathy.

Study limitations include the use of an external placebo con-
trol. This was chosen to enable an efficient study design in a ..
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.. disease space with multiple approved therapies, ensuring that all
patients could receive active treatment, in agreement with Inter-
national Council for Harmonisation of Technical Requirements
for Pharmaceuticals for Human Use E10 and European Medicines
Agency guidance on control groups and small populations in clin-
ical studies.43,44 While some differences in baseline characteristics
were observed between the vutrisiran and external placebo groups
in HELIOS-A, they were widely overlapping and were considered
clinically comparable.45 Like APOLLO, HELIOS-A included a wide
range of disease severity, but excluded patients with NYHA Class
III or IV status at baseline. Consequently, the treatment effect in
this subgroup needs further study. It is important to note that the
post hoc analysis of patients with different quartiles of baseline
NT-proBNP levels demonstrated a consistent benefit of vutrisiran
compared with external placebo across patients with different
disease severities.

It should also be noted that the cardiac assessments were
exploratory endpoints in HELIOS-A, although the beneficial
effects of vutrisiran reported here are consistent with those previ-
ously reported from the primary and secondary endpoints of the
study.30 A further limitation is the definition of the cardiac subpop-
ulation, as it is likely that some patients who did not qualify for this
predefined subpopulation had cardiac involvement. Consequently,
the effectiveness of vutrisiran in all patients with cardiac involve-
ment may not have been completely captured by this analysis of
the cardiac subpopulation. Importantly however, vutrisiran also
demonstrated consistent beneficial effects in the mITT population.

In conclusion, the totality of assessments in this exploratory
analysis of the HELIOS-A study provides evidence of potential
benefit of vutrisiran on cardiac manifestations in patients with
ATTRv amyloidosis with polyneuropathy. In combination with data
from the clinical studies of patisiran, the data reported here
support the potential utility of TTR-lowering RNAi therapeu-
tics in the treatment of patients with ATTR amyloidosis with
cardiomyopathy.

Supplementary Information
Additional supporting information may be found online in the
Supporting Information section at the end of the article.
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