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Abstract

Introduction/Aims: Hereditary transthyretin-mediated amyloidosis with polyneuro-

pathy (hATTR-PN) progressively affects patients' functionality and compromises

health-related quality of life (HRQL). The aim of this study was to quantify the

projected long-term treatment effects of inotersen vs placebo on HRQL measures.

Methods: The inotersen phase 2/3 randomized, double-blind, placebo-controlled trial

NEURO-TTR (NCT01737398, 65 weeks) and its subsequent open-label extension

(OLE; NCT02175004, 104 weeks) included 172 (112 inotersen and 60 placebo)

patients. Placebo double-blind period and overall inotersen-inotersen (double-blind/

OLE) treatment period (170 weeks) data were used to extrapolate the long-term

placebo-placebo effect using mixed-effects models with repeated measures. Changes

from baseline in the Norfolk Quality of Life-Diabetic Neuropathy (QoL-DN) and 36-

Item Short Form Health Survey version 2 (SF-36v2) in hATTR-PN were estimated.

Differences in changes were compared between the inotersen-inotersen and

extrapolated placebo-placebo arms.

Results: Inotersen-inotersen patients maintained their HRQL with an observed

change ranging from 10.3% improvement (Norfolk QoL-DN item “Pain kept you

awake at night”) to 11.6% deterioration (SF-36v2 Activities of Daily Living subdo-

main). The extrapolated placebo-placebo results suggest greater deterioration over

time compared with inotersen-inotersen treatment on Norfolk QoL-DN total score

(23.6; 95% confidence interval [CI], 8.9-38.3; P < .01), Activities of Daily Living (4.6;

95% CI, 2.0-7.3; P < .001), and “Pain kept you awake at night” (1.2; 95% CI, 0.4-1.9;

P < .01). Similarly, greater deterioration was expected for the SF-36v2 Physical
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Component Summary (8.0; 95% CI, 3.2-12.8, P < .01), Bodily Pain (7.8; 95% CI,

2.0-13.5; P < .01), and Physical Functioning (10.6; 95% CI, 5.5-15.6; P < .0001).

Discussion: Long-term (>3 years) inotersen treatment was associated with slowing

and, in some domains, halting of deterioration in key HRQL outcome measures,

particularly physical functioning and pain.
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amyloidosis, inotersen, neuropathic pain, Norfolk Quality of Life---Diabetic Neuropathy,
physical functioning, quality of life, 36-item Short-Form Health Survey, transthyretin

1 | INTRODUCTION

Hereditary transthyretin amyloidosis (hATTR) is a progressive, multi-

systemic disease caused by the misfolding of the transthyretin protein

(TTR) due to genetic mutations in its encoding gene.1 The characteris-

tic accumulation of deposited TTR in multiple organs ultimately results

in impaired physical, mental, and social functioning; compromised

health-related quality of life (HRQL); and reduced life expectancy.1–7

hATTR has also been shown to severely impact work productivity and

the ability to carry out activities of daily living (ADL).3,5,8,9 One of the

main clinical manifestations of the disease is progressive polyneuropa-

thy (hATTR-PN).1,10,11 More than 150 different mutations responsible

for hATTR-PN have been identified, with the most common being the

Val30Met mutation (148G!A).1

Studies have documented the significant disease burden expe-

rienced by patients with hATTR and the way in which it impacts

their HRQL, with consequences on self-reported physical health,

pain/discomfort, mobility, and ability to perform usual activities

being particularly pronounced.5,7,11 A clear relationship was estab-

lished between the increasing duration of symptoms of patients

with hATTR-PN and worsening scores on measures of HRQL, such

as the Norfolk Quality of Life-Diabetic Neuropathy (Norfolk QoL-

DN) questionnaire.12,13

A promising novel agent, inotersen, is an antisense oligodeoxynu-

cleotide that was designed to inhibit TTR production by binding to its

messenger RNA.14,15 In its randomized, double-blind, placebo-

controlled phase III trial, NEURO-TTR (NCT01737398), inotersen was

shown to be significantly more effective than placebo in delaying

hATTR-PN progression in terms of the course of neurological disease

and HRQL.16 Consequently, inotersen was first approved by the US

Food and Drug Administration (FDA) for the treatment of hATTR-PN

in 2018.17

Recently, results from the NEURO-TTR open-label extension

(OLE) study, whereby 135 patients were followed for up to

104 weeks, became available, and showed an immediate drop of

serum TTR levels after initiating inotersen among patients who

had previously received placebo in the NEURO-TTR study.18

Given the marked impacts of hATTR-PN on pain and physical

functioning, and evidence of worse HRQL among patients with

hATTR compared with other diseases,3 HRQL is considered a key

objective in disease management and is often used as a surrogate

endpoint in trials investigating TTR stabilizers or RNA interfer-

ence drugs.19 A descriptive study conducted using interim OLE

data assessed the changes in HRQL and reported that the scores

remained stable from OLE baseline to week 104, suggesting that

long-term treatment with inotersen can preserve HRQL in

patients with hATTR-PN.20 However, the results were descriptive

in nature, limiting direct, longitudinal comparisons between treat-

ment arms, which is key when assessing the effects of inotersen

on HRQL and functional domains that indicate halting or slowing

of disease progression.3,21 Toward that end, our aim in the cur-

rent study was to use data from the NEURO-TTR and OLE to

describe the long-term treatment effects of inotersen on HRQL

measures as well as specific domains measuring physical pain and

functioning. Importantly, we sought to statistically compare these

outcomes with those expected without treatment if trends in

HRQL observed in the placebo arm during the NEURO-TTR

double-blind period were to continue in the longer term.

2 | METHODS

2.1 | Data sources and study population

The NEURO-TTR was a multicenter, double-blind, phase III trial of

patients with hATTR-PN who were randomly assigned to receive ino-

tersen or placebo at a ratio of 2:1 over 65 weeks (Figure S1). Patients

were required to have a Neuropathy Impairment Score+7 (NIS+7)

between 10 and 130, a TTR mutation determined by genotyping, and

documented amyloid deposits determined via biopsy. Other inclusion

and exclusion criteria have been documented elsewhere.16 The three

randomization strata included Val30Met TTR mutation status (yes or

no), disease stage (ie, stage 1 [no ambulatory assistance required] or

stage 2 [assistance with ambulation required]),22 and previous treat-

ment status (tafamidis/diflunisal or none). Patients assigned placebo

or inotersen in the NEURO-TTR trial received inotersen in the OLE

study and constituted the placebo-inotersen and inotersen-inotersen

arms, respectively (Figure S1). The trial protocols for NEURO-TTR and

the OLE were approved by the relevant institutional review boards or

local ethics committees and regulatory authorities. All patients pro-

vided written informed consent to participate in the NEURO-TTR and

the OLE.
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2.2 | Outcome measures

The outcomes of this post-hoc analysis were the composite,

domain, and select item scores of the Norfolk QoL-DN and the

36-item Short Form Health Survey version 2 (SF-36v2) Physical

Component Summary (PCS). In the NEURO-TTR trial, outcome data

were captured at baseline, week 35, and week 66 (week 65 for SF-

36v2); in the OLE period, data on the measures were captured at

weeks 26, 52, 78, and 104. Although domain and item scores were

comprehensively analyzed for Norfolk QoL-DN and SF-36v2 PCS,

impacts on scores related to pain and physical functioning, respec-

tively, were highlighted and grouped together across both HRQL

instruments to emphasize any patterns in the effects of inotersen

across these domains. Detailed definitions and score ranges for

Norfolk QoL-DN and the SF-36v2 PCS domains and items are

shown in Table S1.

2.2.1 | Norfolk QoL-DN

The Norfolk QoL-DN is a 35-item patient self-reporting questionnaire

that captures symptoms of peripheral and autonomic neuropathy23

and has been validated in patients with hATTR-PN.13 It consists of a

HRQL composite score (a primary endpoint in the NEURO-TTR trial

and a secondary endpoint in the OLE study) ranging from �4 to

136, whereby higher scores indicate worse HRQL. The total score

(serving as a tertiary endpoint in the NEURO-TTR trial) consists of the

summation of the following 5 subdomain scores: Physical Function-

ing/Large Fiber Neuropathy (PF/LFN), Activities of Daily Living (ADL),

Symptoms (S), Small-Fiber Neuropathy (SFN), and Autonomic Neurop-

athy (AN).

Specific items of interest for this study were those measuring the

presence of pain, ranging from 0 (“not a problem”) to 4 (“severe prob-

lem”), including “superficial pain,” “deep pain,” “pain that kept you

awake at night,” and “pain that interferes with normal work,” as

described in full detail in Table S1.

2.2.2 | SF-36v2 PCS

The SF-36v2 questionnaire assesses generic HRQL using a 36-item

patient-reported outcome measure of functional health and well-

being,24 and has been used in trials comparing disease progression

and HRQL in patients with hATTR-PN.25 The items are aggregated

by eight domains of functional health and well-being, and further

summarized by two composite scores: the PCS and the Mental

Component Summary score. The PCS has norm-based scoring with

a population mean of 50 and standard deviation of 10, and consists

of the following domain scores: Physical Functioning (PF), Role-

Physical (RP), Bodily Pain (BP), and General Health (GH). These

domains were analyzed in this study. The Mental Component Sum-

mary score includes Vitality, Social Functioning, Role-Emotional

(RE), and Mental Health domains, and was not included in the

analyses because the focus of the NEURO-TTR trial was on the

impact of inotersen on the SF-36v2 physical scores.

2.3 | Statistical analyses

Baseline characteristics, including demographics, randomization strata,

and disease characteristics, were summarized for all patients included

in the full analysis set, both overall and separately for the inotersen-

inotersen and placebo-inotersen study cohorts. Means and standard

deviations are reported for continuous variables and counts and per-

centages are reported for categorical variables. Statistical comparisons

between the placebo-inotersen and inotersen-inotersen groups were

conducted using one-way analysis of variance for continuous variables

and the chi-square test for categorical variables.

Data from the NEURO-TTR double-blind period for patients

receiving the placebo were used to extrapolate the predicted outcome

values during the OLE period by continuing trends observed during

the placebo period using mixed-effects models with repeated mea-

sures (MMRM; as described further in the Statistical Analysis

section of Appendix S1).

The MMRM-predicted values for the placebo-inotersen group

during the OLE period can be interpreted as estimated counterfac-

tuals for the outcome values observed for patients in the placebo

group had they not been treated with inotersen during the OLE

period. To estimate the long-term effect of treatment with inotersen,

the extrapolated outcome values were compared between patients

receiving placebo or inotersen over the NEURO-TTR trial + OLE

period (ie, at 35, 65/66, 92, 118, 144, and 170 weeks from the initia-

tion of the double-blind NEURO-TTR period) using the MMRM's

least-squares mean change from baseline.

The difference in mean change between the MMRM-predicted

values for the inotersen arm and the MMRM-extrapolated values for

the placebo arm from the baseline period were reported at key time-

points. Standard errors (SEs), 95% confidence intervals (CIs), and

P values were reported for mean differences. Notably, these methods

differ from those in previously published analyses, which did not use

mixed- models for predictions and instead relied on calculating the

best linear fit for each outcome measure and extrapolating the equa-

tion to week 104 of the OLE study period.7 The mixed-model

approach allows for a more accurate prediction of outcomes during

the OLE period using patient covariates and allowing for more flexibil-

ity across patient trajectories over time.

3 | RESULTS

3.1 | Study sample

A total of 172 randomized patients received at least one dose of the

trial regimen, with 112 in the inotersen-inotersen group and 60 in the

placebo-inotersen group. Among these, 165 patients had baseline

values measured and at least one post-baseline efficacy assessment
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for the mNIS+7 test composite score or Norfolk QoL-DN total score,

and thus comprised the full analysis set. Complete details on patient

enrollment are available for the NEURO-TTR trial and OLE.16,18

3.2 | Baseline characteristics

The baseline demographics and disease characteristics were generally

well-balanced between the inotersen-inotersen and placebo-inotersen

groups (Table 1). The Norfolk QoL-DN scores, as reported in previous

work,18 were also comparable between the inotersen-inotersen and

placebo-inotersen groups at OLE screening, although inotersen-

inotersen patients had higher rates of previous use of stabilizers and

cardiomyopathy. Results for pharmacodynamics outcome (ie, change

in serum TTR levels) and for safety and tolerability of inotersen during

the OLE period have been reported elsewhere.18

3.3 | Study outcomes

3.3.1 | Norfolk QoL-DN total score

The extrapolated mean changes from baseline to week

170 (ie, week 104 of OLE) for Norfolk QoL-DN total scores,

TABLE 1 Baseline demographics and disease characteristics of patients in the NEURO-TTR full analysis set

All
patients (N = 165)

Inotersen-inotersen
arm (n = 106)

Placebo-inotersen
arm (n = 59) P value

Age (years), mean ± SD 59.5 ± 13.0 59.6 ± 12.4 59.4 ± 14.1 0.94

Male, n (%) 116 (70.3%) 75 (70.8%) 41 (69.5%) >0.99

White, n (%) 152 (92.1%) 100 (94.3%) 52 (88.1%) 0.08

Region, n (%) 0.76

North America 79 (47.9%) 53 (50.0%) 26 (44.1%)

Europe 57 (34.6%) 35 (33.0%) 22 (37.3%)

Other 29 (17.6%) 18 (17.0%) 11 (18.6%)

BMI (kg/m2), mean ± SD 24.3 ± 4.8 24.3 ± 4.8 24.3 ± 4.9 0.98

Val30Met TTR mutation, n (%) 87 (52.7%) 54 (50.9%) 33 (55.9%) 0.65

Disease stage, n (%) 0.70

Stage 1 113 (68.5%) 71 (67.0%) 42 (71.2%)

Stage 2 52 (31.5%) 35 (33.0%) 17 (28.8%)

Previous treatment with tafamidis or

diflunisal, n (%)

97 (58.8%) 62 (58.5%) 35 (59.3%) >0.99

hATTR-PN, mean ± SD

Duration of disease from diagnosis (months) 42.1 ± 48.3 43.5 ± 52.3 39.8 ± 40.5 0.64

Duration from symptom onset (months) 64.8 ± 53.6 65.0 ± 54.4 64.4 ± 52.7 0.95

PND score, n (%) 0.67

1 54 (32.7%) 31 (29.3%) 23 (39.0%)

2 59 (35.8%) 40 (37.7%) 19 (32.2%)

3 43 (26.1%) 29 (27.4%) 14 (23.7%)

4 9 (5.5%) 6 (5.7%) 3 (5.1%)

hATTR-CM, n (%) 65 (39.4%) 43 (40.6%) 22 (37.3%) 0.81

hATTR-CM, mean ± SD

Duration of disease from diagnosis (months) 23.6 ± 26.7 25.0 ± 28.8 21.0 ± 22.5 0.57

Duration from symptom onset (months) 41.4 ± 50.8 45.4 ± 59.2 34.1 ± 29.3 0.45

NT-proBNP (pmol/L), mean ± SD 105.4 ± 228.8 118.8 ± 260.1 82.2 ± 160.5 0.33

NYHA score, n (%) 0.76

I 108 (65.5%) 68 (64.2%) 40 (67.8%)

II 57 (34.6%) 38 (35.9%) 19 (32.2%)

Karnofsky performance status score,

mean ± SD

76.8 ± 11.0 76.7 ± 11.1 77.0 ± 10.9 0.87

Abbreviations: BMI, body mass index; hATTR-CM/PN, hereditary transthyretin amyloidosis–cardiomyopathy/polyneuropathy; NT-proBNP, N-terminal

prohormone of brain natriuretic peptide; NYHA, New York Heart Association; PND, polyneuropathy disability; SD, standard deviation; TTR, transthyretin.
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subdomain scores, and key pain-related items are shown in

Figure 1 (raw mean changes and SEs are shown in Figure S2).

After 170 weeks, the extrapolated Norfolk QoL-DN total

score for patients in the placebo-inotersen group indicated sig-

nificantly greater deterioration relative to the inotersen-inotersen

group.

The extrapolated difference in the total Norfolk QoL-DN scores

between the MMRM-predicted inotersen arm and the MMRM-

extrapolated placebo arm was statistically significant at all follow-up

time-points of interest (Figure S3).

3.3.2 | SF-36v2 PCS

Changes from baseline to week 170 in the mean SF-36v2 PCS score and

subdomain scores are shown in Figure 2. After 170 weeks, patients in

the placebo-inotersen arm had worse extrapolated HRQL with a mean

MMRM-predicted decrease in SF-36v2 PCS score of 8.65 (SE, 2.22)

relative to 0.66 (SE, 1.03) in the inotersen-inotersen arm.

The extrapolated difference in scores between the MMRM-

predicted inotersen arm and the MMRM-extrapolated placebo arm was

statistically significant at all follow-up time-points of interest (Figure S4).

3.3.3 | Pain-related outcomes

The Norfolk QoL-DN Superficial Pain item is presented in Figure 3A.

The difference between the MMRM-predicted inotersen arm and the

MMRM-extrapolated placebo arm favored inotersen, and was statisti-

cally significant at weeks 66, 92, and 118, but not thereafter.

The Norfolk QoL-DN Deep Pain item is presented in Figure 3B.

Similarly, the difference in scores between the MMRM-predicted
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F IGURE 1 Comparison of extrapolated changes in mean Norfolk QoL-DN scores from baseline to week 170 (week 104 of OLE)
in the inotersen and placebo arms, and mean treatment differences (inotersen minus placebo). Statistically significant nonzero
differences between treatment arms are noted: *P < 0.05, **P < 0.01, ***P < 0.001, and ****P < 0.0001. The 95% confidence
intervals for treatment differences are shown in parentheses. Higher scores indicate worse QoL; negative mean differences
indicate better outcomes for the inotersen arm. Abbreviations: OLE, open-label extension; QoL-DN, Quality of Life–Diabetic
Neuropathy.
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F IGURE 2 Comparison of extrapolated changes in mean 36-item Short Form Health Survey version 2 Physical Component Summary score
and subdomain subscores from baseline to week 170 (week 104 of OLE) in the inotersen and placebo arms, and mean treatment differences
(inotersen minus placebo). Statistically significant nonzero differences between treatment arms are noted: *P < 0.05, **P < 0.01, ***P < 0.001, and
****P < 0.0001. The 95% confidence intervals for treatment differences are shown in parentheses. Higher scores indicate better quality of life;
negative mean differences indicate better outcomes for the inotersen arm.
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inotersen arm and the MMRM-extrapolated placebo arm favored ino-

tersen, and was statistically significant at weeks 35 and 66, but not

during the OLE period.

The Norfolk QoL-DN “Pain kept you awake at night” item is

presented in Figure 3C. The difference in scores between the

MMRM-predicted inotersen arm and the MMRM-extrapolated

placebo arm was statistically significant at all follow-up time-

points of interest. After 170 weeks, patients in the placebo-

inotersen group had worse HRQL, with a mean increase in item

score of 0.98 (SE, 0.36), whereas inotersen-inotersen patients had

slightly improved HRQL, with a decrease in item score of 0.19

(SE, 0.15). At week 170, the difference between the two arms

was �1.17 (P < .01).

The SF-36v2 BP domain is presented in Figure 3D. The differ-

ence in scores between the MMRM-predicted inotersen arm and the

MMRM-extrapolated placebo arm was also statistically significant at

all follow-up time points of interest. After 170 weeks, patients in the

placebo-inotersen group had worse expected HRQL with a mean

MMRM-predicted decrease in the SF-36v2 BP score of 4.82 (SE,

2.67), whereas the inotersen-inotersen patients had improved

HRQL, with a mean MMRM-predicted increase in the SF-36v2 BP

score of 2.96 (SE, 1.19); the difference between the two arms was

7.78 (P < .01).

3.3.4 | Patient functioning outcomes

The Norfolk QoL-DN PF/LFN subdomain is presented in Figure 4A. The

extrapolated difference in scores between the MMRM-predicted inoter-

sen arm and theMMRM-extrapolated placebo armwas statistically signifi-

cant at all follow-up time-points of interest. After 170 weeks, the patients

in the placebo-inotersen groupwere expected to have substantially worse

HRQL, with a mean MMRM-predicted increase in the Norfolk QoL-DN

PF/LFN subdomain score of 15.86 (SE, 3.53). Patients in the inotersen-

inotersen group had a slight decrease in HRQL, with a mean MMRM-

predicted increase of 3.49 (SE, 1.91) in Norfolk QoL-DN PF/LFN score;

the extrapolated difference between the two armswas�12.37 (P < .01).

The Norfolk QoL-DN ADL subdomain is presented in Figure 4B.

The extrapolated difference between the MMRM-predicted

inotersen-inotersen and placebo-inotersen arms was statistically sig-

nificant at all follow-up time-points of interest. After 170 weeks,

patients in the placebo-inotersen group were expected to have sub-

stantially worse HRQL, with a mean increase in MMRM-predicted

Norfolk QoL-DN ADL subdomain score of 6.75 (SE, 1.17), whereas

patients in the inotersen-inotersen group had a slight worsening of

HRQL, with a mean increase of 2.12 (SE, 0.66) in MMRM-predicted

Norfolk QoL-DN ADL score; the difference between the two arms

was �4.64 (P < .001).

F IGURE 3 Observed and mixed-effects models with repeated measures (MMRM)-predicted changes from baseline in selected pain-related

subdomain and item scores of Norfolk Quality of Life-Diabetic Neuropathy (Norfolk QoL-DN)1 and 36-item Short Form Health Survey version 2
(SF-36v2).2 Gray bars represent 95% confidence intervals for the MMRM-predicted means. Shading indicates the open-label extension period.
[1] A total of 163 patients had non-missing baseline Norfolk QoL-DN total scores and were used in the analysis of Norfolk QoL-DN outcomes.
[2] A total of 164 patients had non-missing baseline SF-36v2 PCS scores and were used in the analysis of SF-36v2 outcomes.

6 KARAM ET AL.



The SF-36v2 PF domain is presented in Figure 4C. The difference in

scores between the MMRM-predicted inotersen arm and the MMRM-

extrapolated placebo armwas statistically significant at all follow-up time-

points of interest. After 170 weeks, patients in the placebo-inotersen

group were expected to have substantially worse HRQL, with a mean

decrease in SF-36v2 PF score of 12.96 (SE, 2.31), whereas inotersen-

inotersen patients' HRQL worsened slightly, with a mean decrease in

SF-36v2 PF score of 2.41 (SE, 1.08); the difference between the two arms

was 10.55 (P < .01).

The SF-36v2 RP domain is presented in Figure 4D. The difference

in scores between the MMRM-predicted inotersen arm and the

MMRM-extrapolated placebo arm was statistically significant at all

follow-up time-points of interest. After 170 weeks, the placebo-

inotersen patients' HRQL was expected to deteriorate substantially,

with a mean decrease in the SF-36v2 RP score of 9.85 (SE, 2.76),

whereas the inotersen-inotersen patients' HRQL worsened slightly,

with a mean decrease in SF-36v2 RP score of 1.09 (SE, 1.07); the

difference between the two arms was 8.76 (P < 0.01).

4 | DISCUSSION

This long-term post-hoc analysis of patients who participated in the

NEURO-TTR trial and its subsequent OLE has demonstrated that those

receiving inotersen-inotersen therapy deteriorated significantly slower

across functional and HRQL measures compared with extrapolated pla-

cebo patients consistently up to 170 weeks. In addition, patients in the

inotersen-inotersen group showed improvements in several pain mea-

sures. The difference in the predicted change from baseline among

patients in the inotersen-inotersen group and the extrapolated placebo

patients remained statistically significant at 170 weeks for the Norfolk

QoL-DN total score, including the PF/LFN, ADL, and S subdomains and

the “Pain kept you awake at night” item score, and the SF-36v2 PCS

domain scores, including PF, RP, and BP. Although the symptoms of

hATTR-PN were attenuated by inotersen treatment beginning at week

66, patients receiving placebo-inotersen showed consistently worse

HRQL compared with patients who received inotersen-inotersen, despite

switching from placebo to inotersen atweek 66.

In the NEURO-TTR phase III clinical trial, inotersen modified

the course of neuropathy and led to significant improvement in

HRQL at 65 weeks in patients with hATTR, and patients gained

benefit from treatment across TTR mutation types, disease stages,

and presence or absence of cardiomyopathy at baseline.16 Our

findings align with those of a recent qualitative analysis of the OLE

data by Yarlas et al,21 and further contribute to our understanding

of the effects of long-term inotersen treatment on HRQL in

patients with hATTR-PN. We found that treatment resulted in a

statistically significant delay in the long-term deterioration of key

F IGURE 4 Observed and mixed-effects models with repeated measures (MMRM)-predicted changes from baseline in selected physical
functioning domains of the Norfolk Quality of Life-Diabetic Neuropathy (Norfolk QoL-DN)1 and 36-item Short Form Health Survey version 2 (SF-
36v2).2 Gray bars represent 95% confidence intervals for the MMRM predicted means. Shading indicates the open-label extension period. A total
of 163 patients had non-missing baseline Norfolk QoL-DN total scores and were used in the analysis of Norfolk QoL-DN outcomes. A total of
164 patients had non-missing baseline SF-36v2 PCS scores and were used in the analysis of SF-36v2 outcomes.
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outcomes, particularly measures related to physical functioning and

the majority of key pain measures. Importantly, raw item scores

were analyzed using MMRM to provide an extrapolation of the tra-

jectory of the placebo group patients over the duration of the OLE

period had they not received treatment with inotersen. The com-

parison with placebo is critical in understanding the magnitude of

long-term deterioration that can occur in ATTR, as well as the con-

tinued benefit provided by inotersen treatment that results in sub-

stantial slowing of disease progression, likely outweighing the

potential risks of adverse side effects which are well-controlled

with active monitoring.16

A small number of recent studies addressed the impact of inotersen

treatment onHRQL of the patients enrolled in the NEURO-TTR trial using

various HRQL measures, and those findings were largely in agreement

with ours. In their 2020 study, Coelho et al found that several domains on

the Norfolk QoL-DN and the SF-36v2 were stable or showed improve-

ments from baseline to 66 weeks in patients treated with inotersen, and

the effects were more pronounced for PF, RP, BP, Social Functioning, and

RE domains.26 In contrast, patients receiving placebo frequently exhibited

clinically meaningful worsening on their Norfolk QoL-DN total scores and

also for ADL, PF/LFN, and S domain scores. Dyck et al conducted two

post-hoc analyses to assess the effect of inotersen treatment on HRQL in

patients enrolled in the NEURO-TTR trial using themNIS+7 neurophysio-

logical/Lower Limb Function (LLF) testing and the Neuropathy Symptom

and Change (NSC) score.27,28 The authors found that treatment with ino-

tersen stabilized symptom severity across all major mNIS+7 components,

LLF, and all subdomains of the NSCwhen comparedwith placebo. In addi-

tion, inotersen reduced upper and lower limb weakness,27 which parallels

findings from theNEURO-TTR trial, whereby inotersen treatment reduced

progression of the mNIS “weakness” subcomponent. Inotersen treatment

also showed benefit in attenuating the severity of positive neuropathic

sensory and positive pain symptoms, as measured by the subdomain

scores on the NSC assessment; this finding contrasted with placebo treat-

ment, which was associated with worsening HRQL from baseline to week

66. Together, this promising evidence suggests that inotersen may not

only slow hATTR symptomprogression, butmay also alleviate the baseline

severity of some symptoms. The physical burden becomes increasingly

more profound in patients with hATTR as they progress further in the

course of the disease,3,8,9 which underscores the importance of initiating

early treatment with effective therapies, such as inotersen, to preserve

HRQL in this fragile population.

4.1 | Limitations

Our study is subject to certain limitations. First, while the well-fitting

linear trend up to week 65/66 suggests that the extrapolation of

effects in the placebo arm is reasonable, it is possible that nonlinear

trends could occur over longer term follow-up on placebo; thus,

extrapolations should be interpreted with caution. Second, the

responder definition thresholds for the Norfolk QoL-DN total score

have only recently been estimated,29 and interpretation of these

thresholds needs further examination. In addition, the Norfolk QoL-

DN domain and item scores may also be challenging to interpret. This

is especially true for the pain items, as patient responses were limited

to a discrete range of possible scores. Finally, the loss of patients

during the OLE period may have led to insufficient power to detect

statistically significant effects in several Norfolk QoL-DN items.

There are additional limitations inherent to the NEURO-TTR trial,16

such as the exclusion of patients with end-stage disease. Furthermore,

some imbalances in trial arms were unavoidable. For instance, patients

who were assigned inotersen had more advanced autonomic and senso-

rimotor neuropathy and a longer mean duration of hATTR polyneuropa-

thy from diagnosis than those assigned to placebo. A greater proportion

of patients receiving inotersen also had cardiomyopathy at trial entry

and a longer duration from the onset of cardiomyopathy symptoms.

5 | CONCLUSIONS

Inotersen treatment significantly delayed the long-term deterioration

of key HRQL outcomes among patients with hATTR-PN, and the ben-

efits were particularly evident for measures related to physical func-

tioning and key pain measures. In some cases, inotersen treatment

was potentially associated with halting or reversal of the decline in

HRQL. Given the significant burden associated with hATTR-PN on

patients and their caregivers, improving HRQL remains a crucial goal

to be considered when managing the disease. The data continue to

confirm that treatment resulting in TTR reduction preserves function-

ality and quality of life in patients with hATTR for more than 3 years.
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