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IMPORTANCE Transthyretin gene silencing is an emerging treatment strategy for hereditary
transthyretin (ATTRv) amyloidosis.

OBJECTIVE To evaluate eplontersen, an investigational ligand-conjugated antisense
oligonucleotide, in ATTRv polyneuropathy.

DESIGN, SETTING, AND PARTICIPANTS NEURO-TTRansform was an open-label, single-group,
phase 3 trial conducted at 40 sites across 15 countries (December 2019-April 2023) in 168
adults with Coutinho stage 1 or 2 ATTRv polyneuropathy, Neuropathy Impairment Score
10-130, and a documented TTR variant. Patients treated with placebo from NEURO-TTR
(NCT01737398; March 2013–November 2017), an inotersen trial with similar eligibility criteria
and end points, served as a historical placebo (“placebo”) group.

INTERVENTIONS Subcutaneous eplontersen (45 mg every 4 weeks; n = 144); a small reference
group received subcutaneous inotersen (300 mg weekly; n = 24); subcutaneous placebo
weekly (in NEURO-TTR; n = 60).

MAIN OUTCOMES AND MEASURES Primary efficacy end points at week 65/66 were changes
from baseline in serum transthyretin concentration, modified Neuropathy Impairment Score
+7 (mNIS+7) composite score (scoring range, –22.3 to 346.3; higher scores indicate poorer
function), and Norfolk Quality of Life Questionnaire–Diabetic Neuropathy (Norfolk QoL-DN)
total score (scoring range, –4 to 136; higher scores indicate poorer quality of life). Analyses of
efficacy end points were based on a mixed-effects model with repeated measures adjusted
by propensity score weights.

RESULTS Among 144 eplontersen-treated patients (mean age, 53.0 years; 69% male), 136
(94.4%) completed week-66 follow-up; among 60 placebo patients (mean age, 59.5 years;
68% male), 52 (86.7%) completed week-66 follow-up. At week 65, adjusted mean
percentage reduction in serum transthyretin was −81.7% with eplontersen and −11.2% with
placebo (difference, −70.4% [95% CI, −75.2% to −65.7%]; P < .001). Adjusted mean change
from baseline to week 66 was lower (better) with eplontersen vs placebo for mNIS+7
composite score (0.3 vs 25.1; difference, −24.8 [95% CI, −31.0 to −18.6; P < .001) and for
Norfolk QoL-DN (−5.5 vs 14.2; difference, −19.7 [95% CI, −25.6 to −13.8]; P < .001). Adverse
events by week 66 that led to study drug discontinuation occurred in 6 patients (4%) in the
eplontersen group vs 2 (3%) in the placebo group. Through week 66, there were 2 deaths in
the eplontersen group consistent with known disease-related sequelae (cardiac arrhythmia;
intracerebral hemorrhage); there were no deaths in the placebo group.

CONCLUSIONS AND RELEVANCE In patients with ATTRv polyneuropathy, the eplontersen
treatment group demonstrated changes consistent with significantly lowered serum
transthyretin concentration, less neuropathy impairment, and better quality of life compared
with a historical placebo.

TRIAL REGISTRATION ClinicalTrials.gov Identifier: NCT04136184; EU Clinical Trials Register:
EudraCT 2019-001698-10
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H ereditary transthyretin (ATTRv) amyloidosis is a life-
threatening autosomal dominant disease predomi-
nantly caused by single-point sequence variants in the

TTR gene that codes for transthyretin, a thyroxine and vita-
min A transporter.1-4 In ATTRv amyloidosis, abnormal trans-
thyretin proteins misfold and aggregate into amyloid depos-
its in peripheral and autonomic nerves and other major organs
(eg, heart, gastrointestinal tract, kidneys, eyes), resulting in pro-
gressive dysfunction with declines in quality of life (QoL).3,5,6

Death from complications of amyloid cardiomyopathy or ca-
chexia typically occurs within 3 to 12 years after onset of symp-
toms, with cardiac involvement associated with particularly
poor survival prognosis.2,7,8

Historically, disease-modifying treatment for ATTRv amy-
loidosis targeted hepatic production of circulating variant trans-
thyretin through orthotopic liver transplantation,2,9 an inva-
sive option with multiple challenges.4,10,11 The mechanism of
earlier pharmacologic therapies (tafamidis, diflunisal) in-
volved stabilizing the native transthyretin tetrameric
structure.11-14 A more recent therapeutic strategy is TTR gene
silencing by specifically targeting and degrading TTR messen-
ger RNA in the liver. This approach has been clinically vali-
dated in phase 3 trials with subsequent regulatory approval of
the small-interfering RNA therapies patisiran15 and vutrisiran,16

and the antisense oligonucleotide inotersen.17 Despite US Food
and Drug Administration approval of several medications for
ATTRv amyloidosis (tafamidis,18 inotersen,19 patisiran,20 and
vutrisiran21), there remains a need for additional treatment op-
tions with even greater clinical benefits.

Eplontersen is an antisense oligonucleotide conjugated
to a triantennary N-acetyl galactosamine (GalNAc) ligand
for enhanced uptake by hepatocytes, the principal source of
systemically circulating transthyretin protein. GalNAc-
conjugation increases the potency of antisense oligonucle-
otide molecules by 20- to 30-fold,22 allowing for use of sub-
stantially lower effective doses. In healthy volunteers,
subcutaneous eplontersen (45 mg every 4 weeks) (4 doses
total) resulted in a mean 86% reduction from baseline in
serum transthyretin concentration.23

The main objective of the phase 3 NEURO-TTRansform
trial was to evaluate eplontersen in adults with ATTRv poly-
neuropathy compared with historical placebo, from the
NEURO-TTR trial of inotersen.17

Methods
Study Design and Oversight
NEURO-TTRansform (NCT04136184) was a global, multicenter,
open-label, phase 3 trial conducted from December 2019
through April 2023. The trial protocol and amendments
(available in Supplement 1) were approved by the relevant local
institutional review boards or ethics committees. The trial
was conducted in adherence to the International Council
for Harmonisation guidelines and relevant country-specific
laws. Written informed consent was obtained from all patients
prior to trial participation. An independent data and safety
monitoring board regularly reviewed efficacy, safety, and

tolerability data, including the results of a prespecified interim
analysis at week 35.

The trial screened patients from 45 sites in 16 countries and
enrolled patients from 40 sites in 15 countries (Argentina,
Australia, Brazil, Canada, Cyprus, France, Germany, Italy,
New Zealand, Portugal, Spain, Sweden, Taiwan, Turkey, US).
With concern that a prospective placebo-controlled study
design would unnecessarily expose participants to sequelae
from a rapidly progressive and potentially fatal neurologic
disease, this trial was designed as a single-group trial with
a historical placebo. The historical placebo group was de-
rived from the week-66 end point of the randomized,
double-blind, placebo-controlled, phase 3 inotersen trial in
ATTRv polyneuropathy (NEURO-TTR [NCT01737398]),
a study conducted between March 2013 and November
2017 that had similar eligibility criteria and end points as
NEURO-TTRansform.17 In addition, a small inotersen refer-
ence group was included to allow for cross-trial comparison
of disease progression and treatment responses. Study
design details24 and baseline patient characteristics25 have
previously been published.

Patients
Adults aged 18 to 82 years with a diagnosis of Coutinho
stage 1 (ambulatory without assistance) or 2 (ambulatory
with assistance) ATTRv polyneuropathy were eligible for
enrollment if they had a Neuropathy Impairment Score
between 10 and 130 points (scores range from 0-244; higher
scores indicate poorer function26) and a documented TTR
sequence variant. Detailed inclusion and exclusion criteria
have been published.24

Information regarding patient race and ethnicity was
collected as consistent with the US Food and Drug Adminis-
tration’s ongoing efforts to address racial and ethnic demo-
graphics in clinical studies. Data on race and ethnicity were
self-reported by the patients using a multiple-choice list.

Randomization and Masking
Patients were randomly assigned 6:1 with a blocking schema
(block size of 7) to open-label treatment with eplontersen or

Key Points
Question Is the antisense oligonucleotide eplontersen associated
with changes in serum transthyretin concentration and
improvement in neuropathy symptoms among adults with
hereditary transthyretin (ATTRv) amyloidosis with polyneuropathy?

Findings In this open-label study that enrolled 168 patients (144
assigned to subcutaneous eplontersen) and included 60 historical
placebo patients, the eplontersen treatment group demonstrated
changes from baseline to week 65/66 consistent with significantly
lower serum transthyretin concentration (−81.7% vs −11.2%), less
neuropathy impairment, and better quality of life compared with
the historical placebo group.

Meaning Among adults with ATTRv polyneuropathy, the
eplontersen treatment group had lower serum transthyretin
concentration, less neuropathy impairment, and better quality of
life compared with a historical placebo.
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inotersen (included as a small reference group; see Study De-
sign and Oversight). Randomization was facilitated using an
interactive voice/web-response system (IxRS; Almac).27

Procedures
Patients received subcutaneous eplontersen (45 mg every 4
weeks) until the final dose at week 81. In the inotersen refer-
ence group, subcutaneous inotersen (300 mg once every
week) was administered up to and including the week-34
dose. Patients were then transitioned to eplontersen (45 mg
every 4 weeks) from week 37 to week 81 (eFigure 1 in Supple-
ment 2). Study treatment could be administered by study
center personnel or at home by the patient (or a caregiver/
home health care provider). In NEURO-TTR, patients ran-
domized to placebo received once-weekly subcutaneous pla-
cebo injections. All patients (eplontersen, inotersen, and
historical placebo) were required to take oral supplementa-
tion of the recommended daily allowance of vitamin A (ap-
proximately 3000 IU daily).17,24

Outcomes
The final analysis end points were distributed over 2 visits
(week 65 and week 66), as prespecified in the protocol. There
were 3 primary efficacy end points, including percentage
change from baseline in serum transthyretin concentration at
week 65 and change from baseline in modified Neuropathy
Impairment Score +7 (mNIS+7) composite score and Norfolk
Quality of Life Questionnaire–Diabetic Neuropathy (Norfolk
QoL-DN) total score, both at week 66. Serum transthyretin
concentration was quantified using a custom-built electro-
chemiluminescence immunoassay on the Meso Scale Discov-
ery platform at trough drug levels prior to study drug dosing.
In NEURO-TTR, serum transthyretin concentration was mea-
sured using a validated commercial prealbumin assay using
an immunoturbidometric method. To enable valid cross-
assay comparison, serum transthyretin concentrations from
NEURO-TTR were adjusted to allow comparison to data gen-
erated using the electrochemiluminescence immunoassay.
The mNIS+7 (scoring range, –22.3 to 346.3; higher scores indi-
cate poorer function) is a modified version of the Neuropathy
Impairment Score and was previously used in clinical trials
of ATTRv polyneuropathy (eFigure 2 in Supplement 2).15-17

All mNIS+7 assessors were excluded from day-to-day care of
the participants. All mNIS+7 scores were reviewed and nor-
malized by a masked central reader at the Mayo Clinic’s
Peripheral Nerve Research Laboratory, who trained and certi-
fied the site-based assessors. The Norfolk QoL-DN Question-
naire is a neuropathy-specific tool that has been validated
and used in clinical trials in patients with ATTRv polyneu-
ropathy (scoring range, –4 to 136; higher scores indicate
poorer QoL).13,15-17,28

Secondary efficacy end points, in hierarchical order, were
changes from baseline in neuropathy symptom and change
total score3 at weeks 35 and 66, 36-Item Short Form Survey
physical component summary score29 at week 65, polyneu-
ropathy disability (PND) score10 at week 65, and modified body
mass index30 at week 65 (see Table 1 footnotes for scoring and
interpretation of secondary end points).

Table 1. Patient Demographics and Baseline Clinical Characteristicsa

Characteristic
Eplontersen
(n = 144)

Historical placebo
(n = 60)

Age, mean (SD), y 53.0 (15.0) 59.5 (14.0)

Sex, No. (%)b

Female 44 (31) 19 (32)

Male 100 (69) 41 (68)

Race, No. (%)c n = 143

Asian 22 (15) 3 (5)

Black or African American 5 (3) 1 (2)

White 112 (78) 53 (88)

Other or multiple 4 (3) 3 (5)

Geographic region, No. (%)

North America 21 (15) 26 (43)

Europe 54 (38) 23 (38)

South America/Australia/Asia 69 (48) 11 (18)

Body weight, kg n = 141

Mean (SD) 70.3 (15.8) 71.1 (18.1)

BMI n = 138

Mean (SD) 24.4 (4.9) 24.2 (4.9)

Modified BMI, kg/m2 × g/Ld n = 138

Mean (SD) 1025.8 (235.1) 1049.9 (228.4)

Albumin, g/L, mean (SD) 42.2 (2.9) 43.5 (3.1)

TTR variant, No. (%)

V30M 85 (59) 33 (55)

Non-V30Me 59 (41) 27 (45)

Coutinho stage, No. (%)

1 (ambulatory without
assistance)

115 (80) 42 (70)

2 (ambulatory with
assistance)

29 (20) 18 (30)

Polyneuropathy disability score,
No. (%)f

n = 143

I (sensory disturbances but
preserved walking capability)

56 (39) 23 (38)

II (impaired walking capability
but ability to walk without a
stick or crutches)

61 (43) 19 (32)

IIIa (walking only with the
help of 1 stick or crutch)

16 (11) 15 (25)

IIIb (walking with the help of
2 sticks or crutches)

10 (7) 3 (5)

IV (confined to a wheelchair
or bedridden)

0 0

Previous treatment with
tafamidis or diflunisal, No. (%)

100 (69) 36 (60)

Duration of disease from
diagnosis of ATTRv
polyneuropathy, median (IQR),
mog

30.0 (8.0 to 59.5) 24.0 (7.0 to 64.0)

Duration of disease from onset
of symptoms of ATTRv
polyneuropathy (n = 143 for
eplontersen), median (IQR), mog

54.0 (31.0 to 93.0) 48.0 (28.0 to 88.5)

ATTRv cardiomyopathy clinical
diagnosis from CRF

Cardiomyopathy baseline
diagnosis-only subgroup, No.
(%)

39 (27) 22 (37)

Cardiomyopathy baseline
diagnosis + echocardiography
subgroup, No. (%)h

49 (34) 30 (50)

mNIS+7 composite score, mean
(SD)i

81.3 (43.4) 74.8 (39.0)

(continued)
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Minimal clinically important differences are not estab-
lished for the primary and secondary outcome scales for pa-
tients with ATTRv polyneuropathy.

Safety end points, as reported from baseline to week 66
for each patient, included treatment-emergent adverse
events (TEAEs; coded using Medical Dictionary of Regulatory
Activities version 25.0), serious TEAEs, and discontinuations
due to TEAEs. Adverse events of special interest (AESIs) were
identified as thrombocytopenia and glomerulonephritis,
based on the safety profile of inotersen,17 as well as ocular
events potentially related to vitamin A deficiency, which is a
class-related precaution based on the role of transthyretin as
a transporter of vitamin A–retinol binding complexes.19-21 It
should be noted that serum vitamin A levels were available to
NEURO-TTRansform investigators (eplontersen group) but
were blinded per protocol in NEURO-TTR (historical placebo
group) to avoid unmasking the double-blind treatment
groups in the NEURO-TTR study. Injection site reactions, flu-
like symptoms, and TEAEs related to abnormal liver function
were also summarized.

At week 85 (4 weeks after the last dose of study medica-
tion), exploratory end points included change from base-
line in mNIS+7 composite score and Norfolk QoL-DN total
score, and serum transthyretin concentration was assessed as
a post hoc outcome.

Sample Size Calculation
Sample size estimations were predicated on attrition and out-
come data from NEURO-TTR.17 The planned sample of 140 pa-
tients (120 dosed with eplontersen), assuming a 10% rate of
trial discontinuation, was estimated to have a power of at least
95% to detect a 70.3% difference (SD, 13%) in the percentage
change from baseline in serum transthyretin concentration be-
tween eplontersen and historical placebo, a power of at least
90% to detect a 19.6-point difference (SD, 20) in change from
baseline for the mNIS+7 composite score, and a power of at least
80% to detect a 10.7-point difference (SD, 20) in change from
baseline for the Norfolk QoL-DN total score, using a 2-sided α
of .025 for the assumed treatment effects and estimated SD.

Statistical Analysis
The efficacy analysis population included all patients who re-
ceived at least 1 dose of trial medication (eplontersen or his-
torical placebo) and who had a baseline and at least 1 post-
baseline mNIS+7 or Norfolk QoL-DN assessment. The safety
analysis population included all patients who received at least
1 dose of trial medication (eplontersen or historical placebo).

Statistical analyses compared outcomes between the
eplontersen and the historical placebo groups. The statistical
analysis of percentage change from baseline in serum trans-
thyretin concentration and change from baseline for all other
primary and secondary efficacy end points was based on a
mixed-effects model with repeated measures (MMRM) ad-
justed by propensity score weights (eAppendix 1 and eFig-
ure 3 in Supplement 2). The MMRM contains fixed effects of
treatment, time (categorical), disease stage, V30M variant, pre-
vious treatment with a transthyretin stabilizer, baseline value
of the end point, treatment × time interaction, and the base-
line × time interaction. Patients are random effects. Missing
data were not imputed for MMRM analyses. The percentage
change from baseline in serum transthyretin concentration was
reported as mean, median, and interquartile range (25th-
75th percentiles). All end points were reported as least-
squares mean (hereafter, “adjusted mean”) and 95% CI for
changes from baseline and as least-squares mean difference
(hereafter, “difference”) and 95% CI for comparisons with his-
torical placebo.

All primary and secondary end points were tested in hi-
erarchical order of testing sequence using 2-sided tests with
an overall type I error rate of 5%, as previously described (eFig-
ure 4 in Supplement 2).24 The hierarchical testing procedure
was based in part on the results of an interim efficacy analy-
sis, which was conducted when all patients had completed
week 35. The study was planned to proceed regardless of the
results of the interim analysis, with further data collection per-
formed for all study end points.

Efficacy analyses were performed in prespecified sub-
groups according to age, region, sex, V30M TTR sequence

Table 1. Patient Demographics and Baseline Clinical Characteristicsa

(continued)

Characteristic
Eplontersen
(n = 144)

Historical placebo
(n = 60)

Norfolk QoL-DN total score n = 137 n = 59

Mean (SD)j 44.1 (26.6) 48.7 (26.7)

NSC total score, mean (SD)k 23.1 (12.4) 23.0 (12.6)

SF-36 PCS score, mean (SD)l 39.7 (9.3) 37.2 (9.8)

Abbreviations: ATTRv, hereditary transthyretin; BMI, body mass index
(calculated as weight in kilograms divided by square of height in meters);
CRF, case report form; mNIS+7, modified Neuropathy Impairment Score +7;
Norfolk QoL-DN, Norfolk Quality of Life Questionnaire–Diabetic Neuropathy;
NSC, neuropathy symptom and change; SF-36 PCS, 36-Item Short Form Survey
physical component summary.
a Percentages may not total 100 due to rounding.
b Observed or classified by the investigator.
c Self-reported by patients using a multiple-choice list or free text for “Other.”

Information regarding race was collected as consistent with US Food and Drug
Administration ongoing efforts to address racial demographics in clinical
studies.31

d Defined as body mass index in kg/m2 × albumin level in g/L; higher scores
indicate better nutritional status.30

e A breakdown of non-V30M variant distribution is provided in eTable 1 in
Supplement 2.

f Scores range from I to IV, with higher scores indicating worse disability.10

g Time from diagnosis or onset of symptoms (collected as year and month only)
to date of informed consent.

h Patients with (1) a clinical diagnosis of ATTRv cardiomyopathy on their case
report form (ie, cardiomyopathy baseline diagnosis-only subgroup) or
(2) interventricular septum thickness 13 mm or greater on baseline
echocardiogram plus no hypertension (in past medical history or diagnosed
during the trial) plus no 2 consecutive systolic blood pressure readings of
150 mm Hg or greater at any time during the trial (including screening and
baseline visits).

i Scores range from −22.3 to 346.3; higher scores indicate poorer function.26

j Total scores on the Norfolk QoL-DN questionnaire range from −4 to 136, with
higher scores indicating poorer quality of life.17

k NSC Scores range from 0 to 114 (men) or 108 (women); higher scores indicate
worse symptoms.3

l Scores range from 0 to 100; higher scores indicate better physical
health–related quality of life.29
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variant, previous treatment with stabilizers, disease stage,
and diagnosis of cardiomyopathy. The subgroup analysis was
based on the MMRM adjusted by propensity score weights.
The model included fixed categorical effects for treatment,
time, disease stage, V30M variant, and previous treatment;
treatment × time interaction; treatment × subgroup interac-
tion; and treatment × time × subgroup interaction. The base-
line value of the end point and the baseline × time interac-
tion were included as covariates in the model. There were 2
cardiomyopathy subgroups with different definitions. The
cardiomyopathy baseline diagnosis–only subgroup was com-
posed of patients with a clinical diagnosis of ATTRv cardio-
myopathy on their case report form. The cardiomyopathy
baseline diagnosis plus echocardiography subgroup was com-
posed of patients with a clinical diagnosis of ATTRv cardio-
myopathy on their case report form (ie, the cardiomyopathy
baseline diagnosis–only subgroup) or interventricular septum
thickness 13 mm or greater on baseline echocardiogram plus
no hypertension (in past medical history or diagnosed during
the trial) plus no 2 consecutive systolic blood pressure read-
ings of 150 mm Hg or greater at any time during the trial (in-
cluding screening and baseline visits).

As a post hoc analysis at week 66, individual components
of the mNIS+7 and domains of the Norfolk QoL-DN were
assessed based on the differences in adjusted means and cor-
responding 95% CIs. In another post hoc analysis, categorical
descriptions of change from baseline in the mNIS+7 compos-
ite score and Norfolk QoL-DN total score were reported
according to 10-point categories. The percentages of patients
with improvement (score change from baseline <0) in
mNIS+7 composite score and Norfolk QoL-DN total score
were also calculated.

Safety data were compared descriptively between eplon-
tersen and historical placebo. All statistical analyses were per-
formed using SAS version 9.3 or later (SAS Institute Inc).

Results
Patient Characteristics
Between December 2019 and June 2021, a total of 217
patients were screened. Of these, 144 patients were random-
ized to receive eplontersen and 24 patients were randomized
to the inotersen reference group (Figure 1). The safety analy-
sis population included all 144 patients in the eplontersen
group and 60 patients from the historical placebo (hereafter,
“placebo”) group. The efficacy analysis population com-
prised 141 patients in the eplontersen group and 59 patients
from the placebo group (3 patients in the eplontersen group
and 1 in the placebo group did not have any postbaseline
mNIS+7 or Norfolk QoL-DN assessments). In the eplontersen
group, 136 of 144 patients (94.4%) completed week 66; in
the placebo group, 52 of 60 (86.7%) completed NEURO-
TTR week 66. The eplontersen and placebo groups were gen-
erally well balanced across baseline characteristics (Table 1).
Patients in the eplontersen group were slightly younger,
had less severe disease, were more likely to have received
previous treatment with stabilizers, and were more likely

to have the V30M variant (associated primarily with
polyneuropathy10) than those in the placebo group. TTR
sequence variants noted in 10% or more of patients were
V30M (59%) and A97S (15%) in the eplontersen group and
V30M (55%) and T60A (13%) in the placebo group (eTable 1 in
Supplement 2). The V122I variant, which is associated with a
predominantly cardiomyopathy phenotype,32 was reported
for 3% and 2% of patients in the eplontersen and placebo
groups, respectively.

Baseline demographics and characteristics of the inot-
ersen reference group and the inotersen group from NEURO-
TTR are provided in eTable 2 in Supplement 2 for reference.
Efficacy outcomes for the 2 inotersen groups at week 35 are
presented in eTable 3 in Supplement 2. Change in serum trans-
thyretin concentration in the inotersen reference group (eFig-
ure 5 in Supplement 2) shows a qualitatively similar trajec-
tory of steep initial decline followed by leveling off of the slope
as was seen in the inotersen group in NEURO-TTR.17

Interim Analysis
The interim analysis at week 35 demonstrated an adjusted
mean percentage reduction in serum transthyretin concen-
tration of −81.2% in the eplontersen group and −14.8% in the
placebo group (difference, −66.4% [95% CI, −71.4% to −61.5%];
P < .001) (eTable 4 in Supplement 2). The adjusted mean
change from baseline to week 35 in mNIS+7 composite score
was 0.2 in the eplontersen group and 9.2 in the placebo group
(difference, −9.0 [95% CI, −13.5 to −4.5]; P < .001). The ad-
justed mean change from baseline to week 35 in Norfolk
QoL-DN total score was –3.1 in the eplontersen group and 8.7
in the placebo group (difference, −11.8 [95% CI, −16.8 to −6.8];
P < .001).

Primary Outcomes
At week 65, the adjusted mean percentage reduction in serum
transthyretin was −81.7% in the eplontersen group and −11.2%
in the placebo (difference, −70.4% [95% CI, −75.2% to −65.7%];
P < .001) (Figure 2A shows the mean percentage reduction).

The adjusted mean change from baseline to week 66 in
mNIS+7 composite score was 0.3 in the eplontersen group and
25.1 in the placebo group (difference, −24.8 [95% CI, −31.0 to
−18.6]; P < .001). The adjusted mean change from baseline to
week 66 in Norfolk QoL-DN total score was –5.5 in the eplon-
tersen group and 14.2 in the placebo group (difference, −19.7
[95% CI, −25.6 to −13.8]; P < .001) (Figure 2B and Figure 2C).

Parallel line plots of change from baseline for TTR and
change from baseline for mNIS+7 and Norfolk QoL-DN, the pri-
mary efficacy end points, are provided in eFigure 6 in Supple-
ment 2. For all primary efficacy end points, consistent treat-
ment effect was also demonstrated across prespecified
subgroups at week 66 (eFigure 7 in Supplement 2).

Secondary Outcomes
Across all secondary efficacy end points, differences between
eplontersen and placebo were statistically significant.
Adjusted mean change from baseline to week 35 in neuropa-
thy symptom and change total score was 0.8 in the eplont-
ersen group and 4.7 in the placebo group (difference, −3.9
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[95% CI, −6.1 to −1.8]; P < .001]); at week 66, the changes
from baseline were –0.03 and 8.2 in the eplontersen and pla-
cebo groups, respectively (difference, −8.2 [95% CI, −10.7 to
−5.8]; P < .001) (Figure 3A). Adjusted mean change from
baseline to week 65 in 36-Item Short Form Survey physical
component summary score was 0.9 with eplontersen and
–4.5 with placebo (difference, 5.3 [95% CI, 3.2-7.4]; P < .001)
(Figure 3B). In the eplontersen group, the proportion of
patients with PND score I was unchanged from baseline at
week 65 (39.6% at both time points) (Figure 3C); in the pla-
cebo group, the proportion of patients with PND score I
decreased from 37.3% at baseline to 29.4% at week 65. Com-
pared with the eplontersen group, the placebo group had a
larger proportion of patients with PND score IIIa at baseline
(25.5% vs 10.4%); in both groups, the proportion of patients
with PND score IIIa increased approximately 2% from base-
line to week 65. The proportion of patients with PND score
IIIb decreased slightly in the eplontersen group from 6.7% to
6.0% but increased in the placebo group from 5.9% to 11.8%.

In both groups, the proportion of patients with PND score IV
went from 0% at baseline to 2% at week 65. The adjusted
mean change from baseline to week 65 in modified body
mass index, a measure of nutritional status, was –8.1
kg/m2 × g/L in the eplontersen group and –90.8 kg/m2 × g/L
in the historical placebo group (difference, 82.7 kg/m2 × g/L
[95% CI, 54.6-110.8]; P < .001) (Figure 3D).

Exploratory and Post Hoc Analyses
The changes in mNIS+7 composite score and Norfolk QoL-DN
total score were consistent across the individual components
of the mNIS+7 and domains of the Norfolk QoL-DN question-
naire (eFigure 8 in Supplement 2).

Overall, 47% and 58% of patients treated with eplont-
ersen had score reductions from baseline to week 66 in mNIS+7
composite score and Norfolk QoL-DN total score, respec-
tively (lower scores represent better function/QoL); in the pla-
cebo group, 17% and 20% had score reductions at week 66
(eFigure 9 in Supplement 2). Among study completers, 53%

Figure 1. Recruitment, Randomization, and Patient Flow in the NEURO-TTRansform Trial

168 Randomizedb

NEURO-TTRansformB

141 Included in primary analysis

217 Assessed for eligibility278 Assessed for eligibility
 277 Eligible

1 Ineligible

49 Excluded
45 Did not meet eligibility criteriaa

1 Outside screening window

2 Withdrew consent
1 Sponsor decision

105 Excluded
97 Did not meet eligibility criteria

4 Other reasons

49 NIS out of range
4 Withdrew consent

NEURO-TTR17 (historical placebo)A

59 Included in primary analysis

144 Allocated to eplontersen
144 Received eplontersen

as allocated

60 Allocated to placebo 24 Allocated to inotersenc

24 Received inotersen
as allocated

20 Transitioned to eplontersen
(per protocol)e

8 Discontinued eplontersen

1 Investigator decision
1 Ineligible

5 Adverse eventd

1 Voluntary withdrawal

8 Discontinued study drug

1 Adverse event
1 Met kidney stopping rule

3 Voluntary withdrawal
3 Disease progression

4 Discontinued inotersen
3 Adverse event
1 Investigator decision

a Specific reasons for not meeting eligibility criteria (patients could have
had >1 reason) included not meeting minimum criteria for signs and symptoms
of hereditary transthyretin (ATTRv) amyloidosis (n = 13); urinalysis positive for
blood (n = 5); serum vitamin A/retinol level less than lower limit of normal
(n = 5); no documented genetic mutation in TTR gene (n = 5); platelet count
less than 125 × 109/L (n = 3); known history of or positive test result for HIV,
hepatitis C, or chronic hepatitis B (n = 2); urine protein to creatinine ratio
1000 mg/g or greater (n = 2); monoclonal gammopathy of unknown
significance and/or immunoglobulin free light chain ratio less than 0.26 and
greater than 1.65 (n = 2); history of bleeding, diathesis, or coagulopathy
(n = 2); consent not given (n = 2); clinically significant abnormalities in medical
history (n = 1); renal insufficiency (difference between cystatin C and
creatinine estimated glomerular filtration rate <60 mL/min/1.73 m2) (n = 2);
bilirubin level greater than or equal to 1.5 times upper limit of normal (n = 1);
active infection requiring systemic antiviral or antimicrobial therapy that
would not be completed prior to study day 1 (n = 1); Karnofsky performance

status 50% or less (n = 1); presence of known type 1 or type 2 diabetes
mellitus (n = 1); no reason recorded (n = 1).

b Eligible patients were randomized 6:1 to receive eplontersen or inotersen,
respectively, using an Interactive Voice/Web-Response system (IxRS, Almac).

c The inotersen reference group was included to confirm sufficiently
comparable disease progression and treatment response patterns between
NEURO-TTRansform and NEURO-TTR,17 the source of the historical placebo.A
diagram showing recruitment, randomization, and patient flow for the
NEURO-TTR inotersen and placebo groups has been published.17

d One additional patient discontinued study drug after week 66 due to a
treatment-emergent adverse event that started before week 66.

e See eFigure 1 in Supplement 2 for study design relative to the inotersen
reference group in NEURO-TTRansform.
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and 65% of patients treated with eplontersen had score reduc-
tions from baseline in mNIS+7 composite score and Norfolk
QoL-DN total score, respectively; 19% and 23% of placebo pa-
tients had score reductions in these outcomes, respectively,
at week 66. These data are also shown graphically for indi-
vidual patients in eFigure 6 in Supplement 2.

Changes from baseline to week 85 in serum transthyretin
concentration, mNIS+7 composite score, and Norfolk QoL-DN
total score can be found in eFigure 10 and eTable 6 in Supple-
ment 2. Changes from baseline to week 85 in neuropathy symp-
tom and change total score and 36-Item Short Form Survey
physical component summary are shown in eFigure 11 in
Supplement 2.

Adverse Events
For the eplontersen vs placebo groups, respectively, overall
frequencies of TEAEs were 97% vs 100%, and serious TEAEs

occurred in 15% vs 20% (Table 2). For 74 of 144 patients (51%)
in the eplontersen group, TEAEs were rated as mild. The
most frequently reported TEAEs in the eplontersen group
were COVID-19, diarrhea, urinary tract infection, vitamin A
deficiency, and nausea (eTable 5 in Supplement 2). Two
deaths were reported in the eplontersen group by week 66
(arrhythmia and cerebral hemorrhage in setting of normal
platelet count); 1 death was reported between week 66 and
week 85 (acute myocardial infartion). All deaths were poten-
tially related to ATTRv amyloidosis33; none were considered
drug-related. Overall, treatment was discontinued due to a
TEAE in 6 patients (4%) in the eplontersen group and 2
patients (3%) in the placebo group.

Within the AESIs, thrombocytopenia was reported in 3 pa-
tients (2%) in the eplontersen group (4 events) and 1 (2%) in
the placebo group (2 events). All thrombocytopenia events in
the eplontersen group were rated as mild, did not lead to any

Figure 2. Change From Baseline in Primary End Points (Serum Transthyretin Concentration, mNIS+7 Composite Score, Norfolk QoL-DN Total Score)
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A, Means (filled circles), medians (open diamonds), and first and third quartiles
(lower and upper ends of whiskers) for percentage changes from baseline in
serum transthyretin concentration at each study visit. The adjusted mean
difference between eplontersen and historical placebo at week 65 was −70.4%
(95% CI, −75.2% to −65.7%; P < .001). B, Changes from baseline (adjusted
means [filled circles] and 95% CIs [lower and upper ends of whiskers]) in the
modified Neuropathy Impairment Score +7 (mNIS+7) composite score, which
range from −22.3 to 346.3, with higher scores indicating poorer function.26 The
adjusted mean difference between eplontersen and historical placebo at week

66 was −24.8 (95% CI, –31.0 to −18.6; P < .001). C, Changes from baseline
(adjusted means [filled circles] and 95% CIs [lower and upper ends of
whiskers]) in Norfolk Quality of Life–Diabetic Neuropathy (Norfolk QoL-DN)
total score, which range from −4 to 136, with higher scores indicative of poorer
quality of life.17 The adjusted mean difference between eplontersen and
historical placebo at week 66 was –19.7 (95% CI, –25.6 to –13.8; P < .001). For
the mNIS+7 composite score and Norfolk QoL-DN total score, a decrease in
score indicates improvement. Data point values can be found in eTable 6 in
Supplement 2.
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bleeding events, and were recovered from with no dosing
change or interruption and without sequelae. Nadir platelet
counts in these 3 patients in the eplontersen group with an
AESI of thrombocytopenia were between 102 × 109/L and
136 × 109/L. There were 2 cases of potential glomerulonephri-
tis reported, both in the placebo group. The proportions of pa-
tients with the AESI of ocular events potentially related to vi-
tamin A deficiency were similar between eplontersen and
placebo (17% vs 15%). No patient experienced ocular TEAEs as-
sessed by ophthalmic examination to be consistent with vita-
min A deficiency. Injection site reactions occurred in 8% of pa-
tients in the eplontersen group and 12% in the placebo group.
Flu-like symptoms were reported in zero patients in the eplon-
tersen group and 2 (3%) in the placebo group. TEAEs related
to abnormal liver function were reported in 9 patients (6%) in

the eplontersen group and 4 (7%) in the historical placebo
group. There were no Hy law (severe drug-induced liver
injury31) cases.

No patient in either group discontinued study drug due to
an AESI or COVID-19 (eAppendix 2 in Supplement 2).

Discussion
Patients with ATTRv polyneuropathy treated with eplont-
ersen, as compared with historical placebo, demonstrated
study outcomes associated with significantly lowered serum
transthyretin concentration, less neuropathy impairment, and
better QoL. Where assessed, the study outcome differences be-
tween the eplontersen and historical placebo groups were

Figure 3. Change From Baseline in Secondary End Points (NSC Total Score, SF-36 PCS Score, Distribution of Polyneuropathy Disability Scores at
Baseline and Week 65, mBMI)
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The difference between eplontersen and historical placebo in Neuropathy
Symptom and Change (NSC) score at week 66 was –8.2 (95% CI, –10.7 to –5.8;
P < .001). The difference between eplontersen and historical placebo in SF-36
score at week 65 was 5.3 (95% CI, 3.2-7.4; P < .001). The proportion of patients
who could walk without assistance (polyneuropathy disability [PND] 1)
remained at 39.6% in the eplontersen group and decreased from 37.3% to
29.4% in the historical placebo group. The difference between eplontersen and
historical placebo in modified body mass index (mBMI) at week 65 was 82.7
kg/m2 × g/L (95% CI, 54.6-110.8; P < .001). See eFigure 12 in Supplement 2 for
individual contributions of changes in body mass index (BMI) and albumin to

changes in mBMI. Data point values for panels A, B, and D are reported in
eTable 7 in Supplement 2. SF-36 PCS indicates 36-Item Short Form Survey
physical component summary.
a Change from baseline in NSC total score at week 35 was also assessed in the

final analysis (difference between eplontersen and historical placebo at week
35: −3.9 [95% CI, −6.1 to −1.8; P < .001]).

b Percentages for patients with both baseline and week 65 values. The
prespecified analysis of change from baseline in PND score vs historical
placebo at week 65 was statistically significant (P < .05).
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independent of a range of baseline patient characteristics and
were consistent across individual components of multicom-
ponent outcome measures.

Treatment-emergent adverse events reported in patients
treated with eplontersen were consistent with an integrated
class safety analysis of data from 7 phase 2 studies for 6
GalNAc-conjugated antisense oligonucleotides (pooled
n = 512 patients).34 The TEAEs were mild in 51% of patients,
and the incidence of treatment discontinuation due to TEAEs
was low. The incidence of AESIs of thrombocytopenia was
similar in the eplontersen and historical placebo groups; the
few cases that occurred in the eplontersen group were mild
and resolved without dosing interruption. In NEURO-TTR, 15
patients (13%) receiving inotersen reported a TEAE of throm-
bocytopenia. Three (3%) of these cases were grade 4; of
these, 2 necessitated discontinuation of inotersen and treat-
ment with glucocorticoids, and 1 was associated with a fatal
intracranial hemorrhage.17 There were no cases of glomerulo-
nephritis in the eplontersen group in NEURO-TTRansform,
while 3% of patients receiving inotersen in NEURO-TTR
developed serious glomerulonephritis that was considered
related to treatment.17 Reduced risk of AESIs was a hypoth-
esized benefit of the GalNAc-conjugated structure of eplont-
ersen, which allows for lower dose exposure relative to inot-
ersen (45 mg every 4 weeks vs 300 mg every week).

The rates of ocular events were similar between the
eplontersen group and historical placebo group (17% vs 15%),
even though the eplontersen group had a greater incidence of
vitamin A deficiency/decreased/abnormal TEAE. The 2
deaths reported through week 66 were consistent with
known amyloidosis sequelae (intracerebral hemorrhage, car-
diac arrhythmia),33 and the mortality rate (2/144 eplontersen-
exposed patients [1%]) was comparable to that reported for
active treatment, and comparable to or lower than that
reported for placebo, in other randomized, placebo-
controlled clinical trials in similar populations with ATTRv
polyneuropathy.11,15-17 Longer-term safety and tolerability of
eplontersen are being assessed in an ongoing open-label
extension study, which will provide further data.

This study adds to the growing body of evidence related to
TTR gene silencing in general, and hepatic-targeted therapies
in particular, for patients with ATTRv polyneuropathy,15-17,35 and
these therapies are suggested as among first-line treatments in
ATTRv amyloidosis expert consensus statements.4

Limitations
This study has several limitations. First, the analysis in-
cluded a single-group, prospective, active treatment group and
a historical placebo group from a study conducted several years
prior. A concurrent placebo group was considered unethical
in a study involving individuals with a rapidly progressive and
potentially fatal neurologic disease for which effective treat-
ment options are available. As compared with a double-
blind, randomized study, the historical placebo design has
some potential limitations with respect to potential bias, be-
cause the population and natural history of disease from 2 stud-
ies performed at different times may vary. However, given the
magnitude of the observed treatment effect, it is unlikely that

Table 2. Summary of Treatment-Emergent Adverse Eventsa

No. (%)
Eplontersen
(n = 144)

Historical placebo
(n = 60)

Any TEAE 140 (97) 60 (100)

Leading to study drug discontinuationb 6 (4) 2 (3)

Maximum severity of TEAEs

Mild 74 (51) 7 (12)

Moderate 53 (37) 40 (67)

Severe 13 (9) 13 (22)

Adverse events of special interestc 41 (29) 12 (20)

Vitamin A deficiency/decreased/
abnormald

23 (16) NRe

Ocular events potentially related
to vitamin A deficiencyf

24 (17) 9 (15)

Thrombocytopenia 3 (2) 1 (2)

Glomerulonephritis 0 2 (3)g

Leading to study drug discontinuation 0 0

Injection site reactionsh 12 (8) 7 (12)

Flu-like symptomsi 0 2 (3)

Abnormal liver functionj 9 (6) 4 (7)

Any serious TEAE 21 (15) 12 (20)

Related to study drug 0 1 (2)

Death 2 (1)k 0

Death due to study drug 0 0

Abbreviations: NR, not reportable; TEAE, treatment-emergent adverse event.
a Defined as adverse events that first occurred, or worsened, after first dose of

study drug at week-66 analysis. TEAE data through week 85 are reported in
eTables 8 and 9 in Supplement 2.

b Historical placebo group: 1 pain at administration site, weight increase,
arthralgia; 1 proteinuria (stopping rule met). Eplontersen group: 1 fatal cardiac
arrhythmia, 1 fatal intracerebral hemorrhage, 1 urosepsis, 1 proteinuria, 1
kidney impairment, 1 abnormal transaminase levels (the TEAE started before
week 66 and patient’s last dose was before week 66, but patient discontinued
study drug after week 66).

c Definitions provided in eTable 10 in Supplement 2.
d Serum vitamin A levels were available to NEURO-TTRansform investigators

(eplontersen group) but were blinded per protocol in NEURO-TTR (placebo
group) to avoid unmasking the double-blind treatment groups.

e In NEURO-TTR, vitamin A levels were blinded from investigators during the
study, so event was not reportable as a TEAE.

f An ocular questionnaire to screen for vitamin A deficiency was administered
periodically (every 2-3 months) during the treatment period in
NEURO-TTRansform; assessments were not used in NEURO-TTR. In cases of
suspected vitamin A deficiency, an ophthalmologist consultation could have
been requested by the investigator, if necessary, after discussing with the
medical monitor.

g In the historical placebo group, there were 2 cases of potential
glomerulonephritis (1 glomerulonephritis chronic, 1 nephrotic syndrome).

h Defined as TEAEs, with preferred terms containing the text “injection site.”
i Defined as TEAEs, with the preferred terms “influenza-like illness” or “pyrexia”

(or feeling hot or body temperature increased), plus at least 1 of chills, myalgia,
arthralgia, malaise, fatigue, headache, nausea.

j TEAE within the Standardized MedDRA (Medical Dictionary of Regulatory
Activities) Query: drug-related hepatic disorders–comprehensive search.

k Both deaths consistent with known sequelae of hereditary transthyretin
(ATTRv) amyloidosis. One patient with known ATTRv cardiomyopathy
experienced a fatal cardiac arrhythmia after 4 doses of eplontersen, and 1
patient died of intracerebral hemorrhage after 10 doses of eplontersen
(platelet counts and coagulation parameters within normal limits). One
additional death occurred after the week-66 analysis; a patient with known
ATTRv cardiomyopathy experienced a fatal myocardial infarction after 19
doses of eplontersen (death considered unrelated to study treatment).
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any potentially introduced biases would have affected the over-
all conclusion that eplontersen met its primary and second-
ary end points.

Second, there were a few minor differences in baseline char-
acteristics between the eplontersen and historical placebo
groups. For example, the historical placebo group was older, with
a higher proportion of patients with advanced disease and as-
sociated cardiomyopathy, differences that may, in part, reflect
changing epidemiologic patterns of diagnosed patients over re-
cent years. The use of propensity score–adjusted analyses was
implemented in an effort to limit potential bias due to differ-
ent baseline characteristics between groups.

Third, although the study included an inotersen refer-
ence group as a cross-study comparison, only a small number
of patients were included in this group and the comparability
of the 2 inotersen groups (NEURO-TTRansform vs NEURO-
TTR) could only be qualitatively assessed.

Fourth, the trial excluded patients with the most severe
disease (Coutinho stage 3), which may limit applicability of the
findings for such patients.

Fifth, as is true for many clinical trials, especially in rare
diseases, the study was not powered to assess differences in
TEAEs between the treatment groups. Longer-term assess-
ment of safety findings from an open-label extension to
NEURO-TTRansform will be reported in the future.

Conclusions
In patients with ATTRv polyneuropathy, the eplontersen treat-
ment group demonstrated changes consistent with signifi-
cantly lowered serum transthyretin concentration, less neu-
ropathy impairment, and better quality of life compared with
a historical placebo.
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