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ABSTRACT

Introduction: Hereditary transthyretin (ATTRv;
v for variant) amyloidosis, also known as hATTR
amyloidosis, is a progressive and fatal disease
associated with rapid deterioration of physical
function and patients’ quality of life (QOL).
Vutrisiran, a subcutaneously administered RNA
interference (RNAi) therapeutic that reduces
hepatic production of transthyretin, was

assessed in patients with ATTRv amyloidosis
with polyneuropathy in the pivotal HELIOS-A
study.
Methods: The phase 3 open-label HELIOS-A
study investigated the efficacy and safety of
vutrisiran in patients with ATTRv amyloidosis
with polyneuropathy, compared with an exter-
nal placebo group from the APOLLO study of
the RNAi therapeutic patisiran. Measures of
QOL and physical function were assessed.
Results: At month 18, vutrisiran improved
Norfolk Quality of Life-Diabetic Neuropathy
(Norfolk QOL-DN) total score (least squares
mean difference [LSMD] in change from base-
line [CFB]: –21.0; p = 1.84 9 10–10) and Norfolk
QOL-DN domain scores, compared with exter-
nal placebo. This benefit relative to external
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placebo was evident across all baseline
polyneuropathy disability (PND) scores and
most pronounced in patients with baseline PND
scores I–II. Compared with external placebo,
vutrisiran also demonstrated benefit in Euro-
QoL-Visual Analog Scale (EQ-VAS) score (LSMD
in CFB: 13.7; nominal p = 2.21 9 10–7), 10-m
walk test (LSMD in CFB: 0.239 m/s;
p = 1.21 9 10–7), Rasch-built Overall Disability
Score (LSMD in CFB: 8.4; p = 3.54 9 10–15), and
modified body mass index (mBMI) (LSMD in
CFB: 140.7; p = 4.16 9 10–15) at month 18.
Overall, Norfolk QOL-DN, EQ-VAS, and mBMI
improved from pretreatment baseline with
vutrisiran, whereas all measures worsened from
baseline in the external placebo group. At
month 18, Karnofsky Performance Status was
stable/improved from baseline in 58.2/13.1%
with vutrisiran versus 34.7/8.1% with external
placebo.
Conclusion: Vutrisiran treatment provided sig-
nificant clinical benefits in multiple measures of
QOL and physical function in patients with
ATTRv amyloidosis with polyneuropathy. Ben-
efits were most pronounced in patients with
earlier-stage disease, highlighting the impor-
tance of early diagnosis and treatment.
Trial Registration Number: ClinicalTrials.gov:
NCT03759379.

Keywords: ATTRv amyloidosis; hATTR amyloi-
dosis; Nutritional status; Physical function;
Polyneuropathy; Quality of life; RNA inter-
ference; Vutrisiran

Key Summary Points

Hereditary transthyretin (ATTRv; v for
variant) amyloidosis, also known as
hATTR amyloidosis, is a rare, rapidly
progressive, and fatal disease, in which
continued progression of neuropathy and
cardiomyopathy is associated with
debilitating symptoms, impaired physical
function, and decline in patients’ quality
of life (QOL).

This analysis from the phase 3 HELIOS-A
study assessed the impact of treatment
with the RNA interference therapeutic
vutrisiran, which is approved for the
treatment of the polyneuropathy of
ATTRv amyloidosis, on measures of QOL
and physical function in patients with
ATTRv amyloidosis with polyneuropathy
over 18 months.

Vutrisiran treatment significantly
improved multiple measures of QOL and
also demonstrated significant benefit in
measures of gait speed, disability,
performance status, and nutritional
status, compared with the external
placebo arm of the APOLLO study, which
included a similar patient population,
over 18 months.

The worsening from baseline in multiple
measures of QOL and physical function
observed in the external placebo group,
together with the observation that
patients with lower baseline
polyneuropathy disability scores at the
start of treatment with vutrisiran retained
a better Norfolk Quality of Life-Diabetic
Neuropathy score after 18 months,
highlights that early and effective
treatment of ATTRv amyloidosis with
polyneuropathy is critical to minimize the
progressive negative impact of the disease
on QOL and physical function.

The findings of this study support the
clinical benefit of vutrisiran as an effective
treatment that can improve the lives of
patients with ATTRv amyloidosis with
polyneuropathy and emphasize the
importance of early and effective
treatment.
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INTRODUCTION

Hereditary transthyretin (ATTRv; v for variant)
amyloidosis, also known as hATTR amyloidosis,
is a rare, inherited, rapidly progressive, debili-
tating, and fatal disease caused by variants in
the transthyretin (TTR) gene [1–4]. The TTR
protein typically circulates as a homotetramer,
yet pathogenic TTR variants lead to tetramer
destabilization and subsequent cleavage of the
resulting monomers into amyloidogenic frag-
ments, which misfold and accumulate as amy-
loid in multiple organs and tissues [5, 6].
Amyloid can deposit in nerves, heart, gastroin-
testinal (GI) tract, and musculoskeletal tissues
[1, 2, 4, 7], resulting in a heterogeneous clinical
presentation that typically includes sensory,
motor, and autonomic neuropathy and car-
diomyopathy [2, 8–10]. The majority of patients
develop a mixed phenotype of both polyneu-
ropathy and cardiomyopathy as a result of the
disease [11, 12]. Prognosis is poor for untreated
patients, with a median survival of 4.7 years
following diagnosis, decreasing to 3.4 years for
patients presenting with cardiomyopathy
[13–16].

ATTRv amyloidosis has an aggressive course
with rapid progression that is associated with
debilitating symptoms and deterioration of
physical function; the resulting decline in
ambulatory ability [17, 18] and in the ability to
perform activities of daily living [19] has a sig-
nificant impact on a patient’s independence.
The worsening in physical function, alongside
continued progression of sensory neuropathy
(leading to symptoms of numbness, burning
sensation, and pain) [8] and autonomic neu-
ropathy (GI involvement and deterioration of
nutritional status) [20], has a detrimental
impact on patient quality of life (QOL). Indeed,
significant worsening of QOL is evident in nat-
ural history studies, and in the placebo arms of
clinical studies of pharmacologic therapies in
patients with ATTRv amyloidosis [19, 21–26]. In
a small, prospective, multi-institutional, obser-
vational study, patients with ATTRv amyloido-
sis had severe impairment across a range of QOL
outcomes, which deteriorated over time with-
out treatment [25]. In another observational

study, THAOS (Transthyretin Amyloidosis Out-
comes Survey), GI symptoms increased with
disease duration, negatively impacting nutri-
tional status (modified body mass index; mBMI)
[20]. These symptoms, which included vomit-
ing, nausea, early satiety, constipation, diar-
rhea, and fecal incontinence, were each
significantly associated with a negative impact
on patients’ health-related QOL [20]. These
observations are also replicated in pivotal clin-
ical trials, in which substantial worsening over
time across multiple measures of QOL (Norfolk
Quality of Life-Diabetic Neuropathy [Norfolk
QOL-DN] questionnaire, EuroQoL-5 dimen-
sions-5 levels [EQ-5D-5L] questionnaire, Euro-
QoL-Visual Analog Scale [EQ-VAS], and Short-
Form-36 questionnaire) and disability (Rasch-
built Overall Disability Scale [R-ODS]) has been
reported in placebo-treated patients [19, 26, 27].

The natural course of ATTRv amyloidosis
highlights the need for early and effective
treatment that can minimize the progressive
negative impact of the disease on QOL and
physical function. Treatment options include
those that reduce levels of pathogenic TTR
protein via silencing of the TTR gene, either by
harnessing the natural process of RNA interfer-
ence (RNAi) using a synthetic small interfering
RNA (siRNA) or by antisense oligonucleotide-
directed degradation of TTR mRNA, or those
that stabilize the TTR tetramer [22, 23, 26, 28].
These different therapeutic approaches have
shown various levels of clinical benefits in
patients with ATTRv amyloidosis with
polyneuropathy, including benefits on QOL
measures compared with placebo [22, 23]. For
example, the RNAi therapeutic patisiran, an
approved treatment for patients with hATTR
amyloidosis with polyneuropathy [29], demon-
strated the potential to halt or reverse
polyneuropathy progression and to improve
multiple QOL and disability measures (Norfolk
QOL-DN, EQ-5D-5L, EQ-VAS, and R-ODS)
compared with placebo at 18 months in the
pivotal phase 3 APOLLO study [19, 23]. Vutri-
siran is also an RNAi therapeutic that, like
patisiran, acts by reducing synthesis of both
variant and wild-type TTR in the liver [30, 31],
and has been approved for the treatment of the
polyneuropathy of hATTR amyloidosis [32].
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Vutrisiran is an siRNA conjugated to a tri-
antennary N-acetyl galactosamine ligand that
directs it to the liver, the primary site of TTR
synthesis [33, 34]. This design, which utilizes
next-generation enhanced stabilization chem-
istry, allows for increased potency and high
metabolic stability, enabling vutrisiran to elicit
a robust and sustained reduction in serum TTR
with subcutaneous injection once every
3 months (Q3M) [30, 31]. In the phase 3
HELIOS-A study in patients with ATTRv amy-
loidosis with polyneuropathy, vutrisiran met
the primary endpoint of change from baseline
in neuropathy impairment (modified Neuropa-
thy Impairment Score ? 7 [mNIS ? 7]), as well
as all secondary efficacy endpoints, compared
with an external placebo group from the
APOLLO study, and demonstrated an accept-
able safety profile [35].

Here, we report the impact of vutrisiran on
QOL, measures of physical function (gait speed,
disability score, and performance status), and
nutritional status in patients with ATTRv amy-
loidosis with polyneuropathy during the
18-month treatment period of the HELIOS-A
study.

METHODS

Trial Design and Participants

The full methodology and study design details
for HELIOS-A have been described previously
[35]. In summary, HELIOS-A (NCT03759379)
was a phase 3, global (57 sites in 22 countries),
randomized, open-label study of vutrisiran in
patients with ATTRv amyloidosis with
polyneuropathy. The study protocol and
amendments were approved by relevant Insti-
tutional Review Boards or Independent Ethics
Committees. Written informed consent was
obtained from each participant. The study was
conducted in accordance with all applicable
regulatory requirements, the current guidelines
of Good Clinical Practice, and principles origi-
nating from the Declaration of Helsinki.

Eligible patients in HELIOS-A were aged
18–85 years with a documented TTR variant and
diagnosis of ATTRv amyloidosis, neuropathy

(baseline Neuropathy Impairment Score of
5–130), a polyneuropathy disability (PND) score
of B IIIb, adequate liver and renal function, and
a Karnofsky Performance Status (KPS) score
of C 60%. Prior TTR stabilizer use was permit-
ted, although patients were not allowed to use
TTR stabilizers during their participation in the
study. Enrolled patients were randomized 3:1 to
18 months of treatment with vutrisiran 25 mg
subcutaneously Q3M, or patisiran 0.3 mg/kg
intravenously (IV) once every 3 weeks, which
served as a reference group. The placebo group
of the APOLLO study [23], which had similar
endpoints and eligibility criteria to HELIOS-A,
was used as an external placebo control for the
primary endpoint and most secondary and
exploratory endpoints. In APOLLO, patients
randomized to the placebo group received an IV
administration of 0.9% normal saline with no
lipid nanoparticles (LNPs) once every 3 weeks,
in addition to the same precautionary premed-
ication regimen (IV corticosteroid [dexametha-
sone 10 mg or equivalent], paracetamol 500 mg
orally, and IV H1/H2 blockers) as the active
treatment (patisiran) group to reduce the risk of
infusion-related reactions (IRRs), before each
saline infusion. Consequently, there was no
potential for LNP-related adverse reactions and
a low potential for IRRs more broadly in the
APOLLO placebo arm to impact patients’ QOL
or functional outcomes, with negligible result-
ing impact on comparisons with the HELIOS-A
vutrisiran arm.

Assessments

Full details of the efficacy and safety endpoints
of HELIOS-A have been described previously
[35]. The primary endpoint was the change in
neuropathy impairment from baseline as mea-
sured by mNIS ? 7 score (range 0–304, with
higher scores indicating greater neuropathy
impairment) compared with the external pla-
cebo group of the APOLLO study at month 9.
mNIS ? 7 was also assessed at month 18 as a
secondary endpoint. Measures of QOL assessed
in HELIOS-A included change from baseline in
Norfolk QOL-DN total score (range -4 to 136,
higher score indicates worse QOL) at months 9
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and 18 (secondary endpoints), individual
domains of Norfolk QOL-DN (activities of daily
living, physical functioning/large-fiber neu-
ropathy, small-fiber neuropathy, autonomic
neuropathy, and symptoms) at months 9 and
18 (post hoc analyses), and patient self-rated
global health using EQ-VAS (range 0 [worst
health]–100 [best health]) at months 9 and 18
(exploratory endpoints) [36]. Measures of
physical function included change from base-
line in gait speed assessed by 10-m walk test (10-
MWT) at months 9 and 18 (secondary end-
points) and in disability (activity and social
participation limitations) assessed by R-ODS
(range 0–48, with lower scores indicating more
disability) at months 9 (exploratory endpoint)
and 18 (secondary endpoint), as well as the
proportion of patients with worsened/stable/
improved performance status assessed by KPS at
month 18 (exploratory endpoint), where
improvement was defined as an increase in KPS
score from baseline. Nutritional status was also
assessed by mBMI at months 9 (exploratory
endpoint) and 18 (secondary endpoint). All
analyses report the outcomes for patients
receiving vutrisiran compared with the external
placebo group and, where stated, with study
baseline. KPS was only assessed at baseline in
the APOLLO study; therefore, the KPS data for
the external placebo group that are compared
with the vutrisiran group month 18 data are
derived from the patisiran Global open-label
extension (OLE) study baseline. KPS was recor-
ded at Global OLE baseline for all patients
entering the Global OLE who were initially
treated with placebo during APOLLO (APOLLO-
placebo group). The mean treatment duration
from APOLLO baseline to Global OLE baseline
was 18.8 months.

Statistical Analyses

The primary population for efficacy analysis was
the modified intent-to-treat population (de-
fined as randomized patients who received any
dose of study drug). In this analysis, estimates of
treatment efficacy at months 9 and 18 for con-
tinuous endpoints were analyzed using a mixed-
effects model for repeated measures (MMRM).

For categorical outcomes, such as KPS and the
presence or absence of symptoms as assessed by
Norfolk symptom domain items, the number
and percentage of patients in each category
were calculated.

Primary and secondary endpoints in
HELIOS-A were analyzed in a prespecified hier-
archical order to control overall type I error, as
reported previously [35]. Exploratory endpoints
and post hoc comparisons were analyzed with-
out a prespecified order.

Different statistical models were used to cal-
culate the estimates and p values for endpoints
at month 9 analysis (analysis of covariance;
ANCOVA) versus month 18 analysis (MMRM).
Hereby, estimates and p values are reported
from month 18 data, unless otherwise specified.

RESULTS

HELIOS-A Study Population

Details of the patient disposition, demograph-
ics, and baseline characteristics have been
reported previously [35]. Among 164 patients
randomized and treated in HELIOS-A, 122
received vutrisiran. A total of 117 (95.9%)
vutrisiran-treated patients completed the
18-month treatment period. The external
APOLLO placebo group included 77 patients. In
the APOLLO study, 48 (62.3%) placebo-treated
patients completed the 18-month treatment
period.

Baseline demographics and disease charac-
teristics were widely overlapping between the
HELIOS-A vutrisiran group and the APOLLO
placebo group; hence, the two populations were
considered clinically comparable [35].

Baseline values for QOL, physical function,
and nutritional status parameters in the
HELIOS-A study are listed in Table 1. Baseline
scores for all parameters were comparable
between the HELIOS-A vutrisiran group and the
external placebo group.
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Measures of QOL

Norfolk QOL-DN
Baseline values for the Norfolk QOL-DN total
and individual domain scores (Fig. 1a) reveal
notable QOL impairment for patients in both
the vutrisiran and external placebo groups. The
Norfolk QOL-DN total score at baseline varied
by disease stage in both groups, reflected by
patients with baseline PND scores IIIa/IIIb
reporting higher Norfolk QOL-DN total scores
(indicating lower QOL) than those with lower
baseline PND scores (Fig. 2). As reported previ-
ously, treatment with vutrisiran significantly
improved Norfolk QOL-DN total score com-
pared with the external placebo group at month
9 (least squares mean difference [LSMD] [95%

confidence interval (CI)] in change from base-
line: –16.2 [–21.7, –10.8]) and month 18 (LSMD
[95% CI] in change from baseline: –21.0 [–27.1,
–14.9]; p = 1.84 9 10–10) [35]. Compared with
baseline, Norfolk QOL-DN total score improved
at months 9 and 18 in the vutrisiran group and
worsened in the external placebo group (LS
mean ± standard error [SE] change in Norfolk
QOL-DN total score from baseline: month 9,
–3.3 [1.7] [vutrisiran] vs. ?12.9 [2.2] [external
placebo] points; month 18, –1.2 [1.8] vs. ?19.8
[2.6] points, respectively). At month 18, 56.8%
of the patients who received vutrisiran had an
improvement (any decrease from baseline) in
Norfolk QOL-DN total score compared with
10.4% of patients in the external placebo group,
representing an odds ratio of 11.3 (95% CI: 5.0,

Table 1 Baseline QOL and patient function parameters in the HELIOS-A study

Assessment Points range External placebo (n5 77) Vutrisiran (n5 122)

Norfolk QOL-DNa, mean (SD) –4 to 136 55.5 (24.3) 47.1 (26.3)

EQ-VASb, mean (SD) 0–100 54.6 (18.0) 64.5 (18.5)

R-ODSc, mean (SD) 0–48 29.8 (10.8) 34.1 (11.0)

10-MWTd (m/s), mean (SD) – 0.790 (0.319) 1.006 (0.393)

mBMIe (kg/m2 9 g/L), mean (SD) – 989.9 (214.2) 1057.4 (233.8)

KPSf, n (%)

60% – 22 (28.6) 17 (13.9)

70-80% – 45 (58.4) 73 (59.8)

90-100% – 10 (13.0) 32 (26.2)

10-MWT 10-m walk test, BMI body mass index, EQ-VAS EuroQoL-Visual Analog Scale, KPS Karnofsky Performance
Status, mBMI modified BMI, Norfolk QOL-DN Norfolk Quality of Life-Diabetic Neuropathy, QOL quality of life, R-ODS
Rasch-built Overall Disability Scale, SD standard deviation
aThe Norfolk QOL-DN questionnaire [37] captures QOL components specifically relating to neuropathy, where higher
score indicates worse QOL
bEQ-VAS records a respondent’s self-rated global health at the time of assessment, ranging from 0 (‘‘the worst health you
can imagine’’) to 100 (‘‘the best health you can imagine’’) [36]
cLower R-ODS score indicates greater disability [44]
d10-MWT is a measure of gait speed that is calculated based on the mean time (seconds) taken to complete the 10-m walk
across two assessments at each visit (imputed as 0 for patients unable to perform the walk), with lower gait speeds indicating
worse ambulatory function
emBMI is calculated as BMI (in kg/m2) 9 serum albumin (in g/L), with lower scores indicating worse nutritional status
fRange 0–100%; where 100% indicates ‘‘normal no complaints,’’ 90% indicates ‘‘able to carry on normal activity,’’ 80%
indicates ‘‘able to carry on normal activity with effort,’’ 70% indicates ‘‘unable to carry on normal activity/active work,’’ and
60% indicates ‘‘unable to work and requiring occasional assistance’’
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25.7; nominal p = 9.37 9 10–11) for improve-
ment from baseline with vutrisiran versus
external placebo.

The benefit in Norfolk QOL-DN observed in
the vutrisiran group compared with the exter-
nal placebo group was evident across all base-
line PND score categories. However, patients
with less advanced PND scores at baseline (i.e., I
and II) exhibited greater benefit with vutrisiran
over 18 months (Fig. 2). In contrast, worsening
of QOL over 18 months was observed in the
external placebo group across all baseline dis-
ease stages.

The treatment effect favoring vutrisiran over
external placebo was consistent across all Nor-
folk QOL-DN domains at month 18 (Fig. 1b).
More detailed analysis of specific components
of the symptoms domain of the Norfolk QOL-
DN (numbness, pins and needles, electric
shocks, unusual sensations, superficial pain,
deep pain, and weakness) also demonstrated a
trend generally favoring vutrisiran treatment
over external placebo, as measured by changes
from baseline to month 18 in the percentage of
patients experiencing these symptoms at speci-
fied extremity locations (i.e., hands, arms, feet,
and legs) in each treatment group (Fig. 3).

Fig. 1 Norfolk QOL-DN assessments in the HELIOS-A
study. a Mean Norfolk QOL-DN total and domain scores
at baseline in patients receiving vutrisiran or placebo
(APOLLO). b LS mean change in Norfolk QOL-DN total
score and in individual Norfolk QOL-DN domains from
baseline to month 18 in patients receiving vutrisiran or

placebo (APOLLO). Score ranges for each domain are
shown on the x-axis; a higher score indicates worse quality
of life. ADL activities of daily living, LS least squares,
Norfolk QOL-DN Norfolk Quality of Life-Diabetic Neu-
ropathy, SE standard error
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EQ-VAS
A significant benefit in patients’ self-rated glo-
bal health, as measured by EQ-VAS, was
observed with vutrisiran treatment compared
with the external placebo group at month 9
(LSMD [95% CI] in change from baseline: 9.3
[4.4, 14.2]) and month 18 (LSMD [95% CI] in
change from baseline: 13.7 [8.7, 18.7]; nominal
p = 2.21 9 10–7) (Fig. 4). The initial improve-
ment in EQ-VAS from baseline to month 9 was
maintained over 18 months in the vutrisiran
group (LS mean [± SE] change from baseline at
months 9 and 18, ?2.3 [1.5] and ?2.1 [1.5]
points, respectively), while patients in the
external placebo group worsened from baseline
at months 9 and 18 (–7.0 [2.0] and –11.6 [2.1]
points, respectively) (Fig. 4).

Measures of Physical Function

Gait Speed: 10-MWT
A significant benefit in gait speed, as measured
by 10-MWT, was observed in patients in the
vutrisiran group compared with the external
placebo group at month 9 (LSMD [95% CI] in
change from baseline: 0.131 m/s [0.071, 0.191])
and at month 18 (LSMD [95% CI] in change
from baseline: 0.239 m/s [0.154, 0.325];

p = 1.21 9 10–7) (Fig. 5a). In the vutrisiran
group, LS mean (± SE) change from baseline in
gait speed on the 10-MWT showed a slight
decrease of –0.004 (0.019) m/s and –0.024
(0.025) m/s, at months 9 and 18, respectively,
while patients in the external placebo group
showed a pronounced decline compared with
baseline of –0.135 (0.025) m/s and –0.264
(0.036) m/s, respectively (Fig. 5a).

Disability (Activity and Social
Participation Limitations): R-ODS

A significant benefit in R-ODS, which measures
patients’ limitations in daily activities and
social participation, was observed with vutri-
siran treatment compared with the external
placebo group at month 9 (LSMD [95% CI] in
change from baseline: 4.2 [2.6, 5.9]) and month
18 (LSMD [95% CI] in change from baseline: 8.4
[6.5, 10.4]; p = 3.54 9 10–15). In the vutrisiran
group, LS mean (± SE) change from baseline in
R-ODS showed a decrease of –0.8 (0.5) points
and –1.5 (0.6) points at months 9 and 18,
respectively, while patients in the external pla-
cebo group showed a pronounced decline
compared with baseline of –5.0 (0.7) points and
–9.9 (0.8) points, respectively (Fig. 5b).

Fig. 2 Mean Norfolk QOL-DN total score at baseline and
at month 18 in HELIOS-A patients receiving vutrisiran or
placebo (APOLLO), stratified according to baseline PND
score. The Norfolk QOL-DN questionnaire captures
QOL components specifically relating to neuropathy.

The total score range is –4 to 136, where higher score
indicates worse QOL. Norfolk QOL-DN Norfolk Quality
of Life-Diabetic Neuropathy, PND polyneuropathy dis-
ability, QOL quality of life, SE standard error
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Performance Status: KPS

Baseline KPS data in the vutrisiran and external
placebo groups are shown in Table 1; the
majority of patients had a KPS score of 70–80%
at baseline (unable to carry on normal activity/
active work [70%] or able to carry on normal
activity with effort [80%]). As demonstrated in
Fig. 5c, a higher proportion of vutrisiran-treated
patients than placebo-treated patients had
stable (58.2% vs. 34.7%) or improved (13.1% vs.
8.1%) KPS at month 18 compared with baseline.

Measure of Nutritional Status

mBMI
A significant benefit in nutritional status, as
assessed by mBMI, was observed with vutrisiran
treatment compared with the external placebo
group at month 9 (LSMD [95% CI] in change
from baseline: 68.6 kg/m2 9 g/L [45.1, 92.1])
and month 18 (LSMD [95% CI] in change from
baseline: 140.7 kg/m2 9 g/L [108.4, 172.9];
p = 4.16 9 10–15) (Fig. 6). The favorable effect of
vutrisiran on mBMI versus external placebo was
observed as early as the first post-baseline
assessment at month 3 (LSMD [95% CI] in
change from baseline: 34.3 kg/m2 9 g/L [12.6,

Fig. 3 Change from baseline at 18 months in percentage
of patients reporting a specific symptom of the Norfolk
QOL-DN symptoms domain at each of four specified

extremity locations (hands, arms, feet, and legs). Norfolk
QOL-DN Norfolk Quality of Life-Diabetic Neuropathy
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56.0]). At months 3, 9, and 18, patients in the
vutrisiran group improved in their mBMI com-
pared with baseline (LS mean [± SE] change
from baseline, ?4.0 [6.9], ?7.1 [7.4], and ?25.0
[9.5] kg/m2 9 g/L, respectively), while patients
in the external placebo group worsened at
months 3, 9, and 18 compared with baseline
(–30.3 [8.8], –61.5 [9.5], and –115.7 [13.4] kg/
m2 9 g/L, respectively) (Fig. 6).

DISCUSSION

Patients with ATTRv amyloidosis experience
multisystem impairment as a result of periph-
eral and autonomic neuropathy, and/or car-
diomyopathy, that collectively leads to a
substantial and progressive impact on physical
functioning and QOL [23, 37–39]. This is high-
lighted by the poor baseline scores across mul-
tiple QOL measures, consistently seen in
clinical studies such as APOLLO [19] and
HELIOS-A. Furthermore, observational studies
indicate that patients with ATTRv amyloidosis
may have a similar or even greater level of QOL
impairment than patients with other chronic

conditions such as Crohn’s disease, cancer, and
heart disease [40, 41], and that physical func-
tioning and health-related QOL worsen over
time with ATTRv amyloidosis disease progres-
sion [19, 25, 38].

In this analysis of patients with ATTRv
amyloidosis with polyneuropathy in HELIOS-A,
vutrisiran treatment over 18 months was asso-
ciated with significant benefit compared with
external placebo in measures of QOL (Norfolk
QOL-DN, EQ-VAS), physical function (10-MWT,
R-ODS, KPS), and nutritional status (mBMI).
Indeed, within the Norfolk QOL-DN symptoms
domain, results in terms of changes in symptom
prevalence favored vutrisiran compared with
external placebo for the majority of symptoms
at most anatomical sites assessed over the
course of treatment. The benefit of vutrisiran
compared with external placebo was observed
at month 9 or earlier for most measures asses-
sed. Furthermore, vutrisiran-treated patients
experienced improvement, stabilization, or
minimal worsening in these measures at
months 9 and 18 compared with their own pre-
treatment baseline. While some measures, such

Fig. 4 LS mean change in EQ-VAS score (range 1–100)
from baseline to month 18 in patients receiving vutrisiran
or placebo (APOLLO). At baseline, the mean (± SD) EQ-
VAS was 64.5 (18.5) in the vutrisiran group and 54.6
(18.0) in the external placebo group. mITT population.
Value of n is the number of evaluable patients at each
timepoint. Data plotted are MMRM data. EQ-VAS
records a respondent’s self-rated health at the time of

assessment (range 0–100), with minimum and maximum
values ranging from ‘‘the worst health you can imagine’’
(0) to ‘‘the best health you can imagine’’ (100). CI
confidence interval, EQ-VAS EuroQoL-Visual Analog
Scale, LS least squares, LSMD LS mean difference, mITT
modified intent-to-treat, MMRM mixed-effects model for
repeated measures, SD standard deviation, SE standard
error
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as 10-MWT and R-ODS, did not improve from
baseline, evidence of stabilization (or minimal
worsening) over 18 months contrasts with the
expected course of the disease, signaling a
meaningful clinical benefit in a disease state
where QOL and physical function would
otherwise progressively worsen over time.
Indeed, improvements from baseline or stabi-
lization are particularly notable given the
marked deteriorations seen in the external pla-
cebo group, as well as in the placebo groups of
other clinical trials [19, 26–28] and in untreated
patients in natural history studies [20, 25].

The favorable effects of vutrisiran treatment
on QOL observed in HELIOS-A are consistent
with the results of the APOLLO study of pati-
siran, an RNAi therapeutic with a similar
mechanism of action, in patients with ATTRv
amyloidosis with polyneuropathy. In the
APOLLO study, patisiran yielded treatment
benefits on scores for Norfolk QOL-DN (overall
and across all domains), EQ-5D-5L, EQ-VAS,
R-ODS, mBMI, and COMPASS-31 (a measure of
autonomic neuropathy symptoms), compared
with placebo over 18 months [19]. This consis-
tency of results across studies of RNAi thera-
peutics supports the therapeutic strategy of TTR
lowering with RNAi to improve or prevent the
worsening of multiple disease-relevant end-
points in ATTRv amyloidosis.

The durability of the beneficial effects of
RNAi therapeutics on QOL has been demon-
strated in the patisiran Global OLE study, with
the improvement from baseline in Norfolk
QOL-DN scores observed in APOLLO being
sustained over an additional 12 months of
treatment in patients who received patisiran in
APOLLO. Patients who were treated with pla-
cebo during APOLLO, and initiated patisiran in
the Global OLE, also showed improvement in
Norfolk QOL-DN relative to their Global OLE
baseline [21]. However, the level of QOL
attained at 12 months following a switch to
patisiran did not reach that of patients who had
received patisiran treatment from the start of
APOLLO, likely due to irreversible disease pro-
gression while on placebo during APOLLO.
Similarly, in this current analysis, patients with
lower baseline PND scores (i.e., a less severe
disease state) at vutrisiran initiation demon-
strated a larger benefit and retained a higher
level of QOL based on Norfolk QOL-DN score at
18 months of treatment. These findings further
emphasize that effective treatment of ATTRv
amyloidosis, early in an individual patient’s
disease course, is critical to preserve QOL at as
high a level as possible.

In addition to its acceptable safety profile
[35] and favorable effects on QOL, the Q3M
subcutaneous dosing regimen of vutrisiran has
the potential to reduce the overall treatment
burden on patients. This may better suit and
improve not only the patient’s life but also the

bFig. 5 a LS mean change (MMRM analysis) in 10-MWT
from baseline to month 18 in patients receiving vutrisiran
or placebo (APOLLO). 10-MWT is a measure of gait
speed that is calculated based on the mean time (seconds)
taken to complete the 10-m walk across two assessments at
each visit (imputed as 0 for patients unable to perform the
walk), with lower gait speeds indicating worse ambulatory
function. At baseline, the mean (± SD) gait speed on
10-MWT was 1.006 (0.393) m/s in the vutrisiran group
and 0.790 (0.319) m/s in the external placebo group. b LS
mean change (MMRM analysis) in overall R-ODS score
from baseline to month 18 in patients receiving vutrisiran
or placebo (APOLLO). R-ODS score range is 0–48, with
lower scores indicating greater disability. At baseline, the
mean (± SD) R-ODS score was 34.1 (11.0) in the
vutrisiran group and 29.8 (10.8) in the external placebo
group. c Distribution of patients according to level of shift
in KPS score scale from HELIOS-A baseline to month 18
in the vutrisiran arm or from APOLLO baseline to Global
OLE baseline in the placebo arm. Distribution of KPS
scores at baseline in the vutrisiran arm of HELIOS-A and
in the external placebo comparator arm is shown in
Table 1. KPS is presented on an 11-point functional
impairment scale (starting with 0% and increasing up to
100% in 10% increments) in which patients are classified
along a range from normal functioning (100%) to dead
(0%). Improvement is defined as an increase in KPS score
from baseline. Lower scores indicate a lower ability to
perform activities and a worse survival prognosis [45]. 10-
MWT 10-m walk test, CI confidence interval, KPS
Karnofsky Performance Status, LS least squares, LSMD
LS mean difference, MMRM mixed-effects model for
repeated measures, OLE open-label extension, R-ODS
Rasch-built Overall Disability Scale, SD standard devia-
tion, SE standard error
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lives of their caregivers and/or family members,
who are frequently involved in the patient’s
disease management. A study in the United
States and Spain, and a separate cross-sectional
online survey, both showed a substantial dis-
ease-related burden on the caregivers of patients
with ATTR amyloidosis, who experienced poor
mental well-being, characterized by depression
and anxiety as well as reduced work productiv-
ity [42, 43].

This study has limitations, including its
open-label design with the use of an external
placebo control group, rather than a double-
blind study design with a within-trial placebo
group. HELIOS-A was designed to allow an effi-
cient trial in which all patients could receive
active treatment, given the availability of mul-
tiple effective therapies. Use of an external pla-
cebo comparator arm was supported by the
well-defined natural history of the disease, with
consistent and predictable disease progression
observed in placebo arms and natural history
cohorts across studies of patients with ATTRv
amyloidosis with polyneuropathy. Further-
more, the results of patisiran in the APOLLO
study supported that stabilization or

improvement in measures of the disease could
be expected by 9 months of vutrisiran treat-
ment, based on the mechanism of action. The
similarities between HELIOS-A and APOLLO
with respect to inclusion and exclusion criteria,
endpoints, and the timing of endpoints assess-
ment also supported the use of the APOLLO
placebo group as an external control in HELIOS-
A.

A further potential limitation of this analysis
is that measures of QOL specifically related to
cardiac involvement were not assessed in
HELIOS-A. While HELIOS-A recruited patients
based on neuropathy impairment, approxi-
mately one-third of randomized patients also
had evidence of cardiac involvement [35], and
thus may have experienced benefit from vutri-
siran treatment across cardiology-specific QOL
domains that were not assessed here. The safety
and efficacy of vutrisiran in patients with ATTR
amyloidosis with cardiomyopathy are being
assessed in the ongoing HELIOS-B study
(NCT04153149), which includes the Kansas
City Cardiomyopathy Questionnaire, a measure
of patients’ perception of health status and QOL

Fig. 6 LSmean change inmBMI frombaseline tomonth 18 in
patients receiving vutrisiran or placebo (APOLLO). At baseline,
the mean (± SD) mBMI was 1057.4 (233.8) kg/m29 g/L in
the vutrisiran group and 989.9 (214.2) kg/m29 g/L in the
external placebo group. mITT population. Value of n is the
number of evaluable patients at each timepoint. Data plotted
are MMRM data. mBMI is calculated as BMI (in

kg/m2) 9 serum albumin (in g/L), with lower scores
indicating worse nutritional status. BMI body mass index, CI
confidence interval, LS least squares, LSMD LS mean
difference, mBMI modified BMI, mITT modified intent-to-
treat,MMRMmixed-effects model for repeatedmeasures, SD
standard deviation, SE standard error
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with a specific focus on impacts of cardiomy-
opathy, as a predefined secondary endpoint.

CONCLUSIONS

Findings from the HELIOS-A study demonstrate
that vutrisiran treatment over 18 months pro-
vides significant clinical benefits compared with
the external placebo group in multiple mea-
sures of QOL and physical function. Addition-
ally, vutrisiran led to stabilization or
improvement from baseline in several of those
measures that would otherwise be expected to
deteriorate rapidly and irreversibly based on the
well-established natural course of ATTRv amy-
loidosis with polyneuropathy. These benefits of
vutrisiran were seen in the overall study popu-
lation and were most pronounced in patients
with earlier-stage disease at baseline, highlight-
ing the importance of initiating effective treat-
ment for ATTRv amyloidosis with
polyneuropathy early in the course of disease,
in order to minimize the progressive negative
impact on QOL and physical function. These
data are consistent with the positive effect of
vutrisiran on polyneuropathy, measured by
mNIS ? 7, observed in HELIOS-A compared
with the external placebo group, and support
the benefit of RNAi therapeutics for the treat-
ment of patients with ATTRv amyloidosis with
polyneuropathy.
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