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transthyretin amyloid polyneuropathy: results up to 6 years
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ABSTRACT
Background: The objective of the present study was to evaluate the long-term safety and efficacy of
tafamidis in treating hereditary transthyretin amyloid polyneuropathy.
Methods: A prospectively planned interim analysis was conducted on an on-going, phase III, open-label
extension study following an 18-month, randomized, controlled study and 12-month, open-label exten-
sion study in ATTRV30M patients and a single-arm, open-label study in non-ATTRV30M patients. Thirty-
seven ATTRV30M patients received placebo for 18months, then switched to tafamidis and 38 ATTRV30M
patients and 18 non-ATTRV30M patients continuously received tafamidis from day 1, up to 6 years.
Results: Long-term tafamidis was associated with a favourable safety/tolerability profile, without any
unexpected adverse events. Patients initiating tafamidis at the start of the randomized study had less
polyneuropathy progression versus those switching to tafamidis following 18months of placebo and
were less likely to progress to the next ambulatory stage after up to 6 years follow-up. In the patients
who switched from placebo to tafamidis, polyneuropathy progression and deterioration in quality of
life slowed significantly during long-term tafamidis treatment as compared with the previous placebo
treatment. In non-ATTRV30M patients, some polyneuropathy progression was observed across all effi-
cacy measures.
Conclusions: These data provide evidence for the long-term (up to 6 years) safety and efficacy of tafa-
midis.
ClinicalTrials.gov: NCT00925002

Abbreviations: AE: adverse event; ATTR-FAP: transthyretin familial amyloid polyneuropathy; CI: confi-
dence interval; ITT: intent-to-treat; LS: least squares; mBMI: modified body mass index; NIS-LL:
Neuropathy Impairment Score–Lower Limbs; Norfolk QOL-DN: Norfolk Quality of Life–Diabetic
Neuropathy questionnaire; NSAID: non-steroidal anti-inflammatory drug; P-T: placebo-to-tafamidis; SAE:
serious adverse event; SD: standard deviation; SE: standard error; TQOL: total quality of life; T-T: tafami-
dis-to-tafamidis; TTR: transthyretin
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Introduction

Hereditary transthyretin amyloidosis (ATTR) with polyneu-
ropathy, traditionally referred to as familial amyloid poly-
neuropathy (ATTR-FAP), is a rare, progressive and fatal
hereditary disorder associated with mutations in the TTR
gene. These mutations result in destabilization of the tetra-
meric structure of the TTR protein, causing it to dissociate,
misfold and aggregate as amyloid in peripheral nerve tissues,
the heart and other organs [1,2]. Accumulation of TTR-
derived amyloid fibrils results in severe, disabling sensori-
motor disturbances (loss of sensation, pain, pre-disposition
to severe tissue damage from inadvertent injuries, muscle
weakness and loss of ambulation) and varying degrees of
autonomic, cardiovascular, gastrointestinal, renal, leptomen-
ingeal and urogenital dysfunction [1]. Patients with
ATTR amyloidosis can also present with phenotypes that

consist predominantly of cardiologic or leptomeningeal
involvement [1]. If untreated, death occurs, on average,
approximately 10 years after ATTR-FAP disease onset [1].

Presenting symptoms and disease course of ATTR-FAP are
influenced by the underlying TTRmutation and by geographic
location [3–5]. The most common and widely studied TTR
mutation worldwide is ATTRV30M (p.TTRV50M) [1,6]; non-
ATTRV30M mutations are increasingly reported and often
associated with a higher incidence of mixed phenotypes (neur-
opathy, cardiomyopathy and leptomeningeal complications)
and with a more rapid and severe disease course [5].

ATTR-FAP purportedly affects up to 10,000 people
worldwide [7]. However, its prevalence is widely believed to
be under-estimated because diagnosis of ATTR-FAP is con-
founded by the non-specific nature of symptoms and a lack
of disease awareness [8,9]. A more recent review suggests
that ATTR-FAP prevalence may in fact range from 5526 to
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38,468 people worldwide [10]. Accurate, timely diagnosis of
ATTR-FAP is critical for early initiation of treatment to
improve clinical outcomes and ameliorate disease progres-
sion [7,9].

Orthotopic liver transplantation is the only non-pharma-
cologic disease-modifying intervention for ATTR-FAP.
However, liver transplantation is limited by shortage of
cadaveric grafts and resultant demand–supply imbalance for
liver transplants [11], restriction to carefully selected patients
(typically those with ATTRV30M mutations) [12,13], con-
siderable morbidity and mortality and inherent risks associ-
ated with lifelong immunosuppression.

Efforts to develop safe, effective medicines to halt or slow
ATTR-FAP disease progression are underway. Several
pharmacologic compounds are in various stages of develop-
ment, including TTR gene silencers and amyloid fibril dis-
rupters [7,14]. The non-specific TTR stabilizer diflunisal
(a non-steroidal anti-inflammatory drug [NSAID]) has dem-
onstrated effect in slowing ATTR-FAP progression [15];
however, it is not approved to treat ATTR-FAP and safety is
a concern given the risk of serious gastrointestinal and renal
side effects associated with chronic NSAID use [16].
Tafamidis, a highly specific TTR stabilizer administered
orally once daily, is the only medicine approved to delay
disease progression in ATTR-FAP, and is approved in the
European Union and several South American and Asian
countries [17–20].

An 18-month, double-blind, randomized, placebo-
controlled study of tafamidis in 128 ATTRV30M patients
with early stage ATTR-FAP and its subsequent 12-month
open-label extension study demonstrated the safety and effi-
cacy of tafamidis in delaying the progression of polyneurop-
athy [21,22]. At the end of the extension study, neurologic
function was better preserved among patients who continu-
ously received tafamidis than among those who received
18months of placebo followed by 12months of tafamidis,
and underscores the benefit of early intervention [22,23]. A
12-month open-label study in 21 non-ATTRV30M patients
further demonstrated the generalizability of the TTR-stabi-
lizing effect, and indicated clinical efficacy of tafamidis for
delaying disease progression across several other TTR var-
iants [24]. Tafamidis was associated with a favourable safety
profile across these studies [21,22,24].

A second, on-going, open-label extension study was initi-
ated to study the long-term safety and efficacy of tafamidis
in ATTRV30M and non-ATTRV30M patients with ATTR-
FAP who completed the above-described studies [21,22,24].
This prospectively planned interim analysis was conducted
to confirm the long-term safety of tafamidis and to evaluate
its effects on polyneuropathy progression after up to 6 years
of treatment for ATTR-FAP.

Design and methods

Study design and participants

Study B3461023 (ClinicalTrials.gov: NCT00925002)
enrolled ATTRV30M amyloidosis patients who completed
the original registration study (Study Fx-005) and 12-month

open-label extension (Study Fx-006) [21,22], and non-
ATTRV30M patients who completed a separate 12-month
open-label study with tafamidis (Study Fx1A-201) [24]
(Figure 1). The current, on-going, open-label extension
study was initiated in August 2009 for a period of up to
10 years to obtain long-term safety and efficacy data and to
continue to provide tafamidis to these patients until its
availability by prescription in their respective countries. All
participants received oral tafamidis meglumine (20mg soft
gelatin capsule once daily). Eligibility criteria of the parent
studies are published elsewhere [21,24]; those of Study
B3461023 are listed in Supplementary Box S1. The study
was conducted at nine study sites in eight countries
(Argentina, Brazil, France, Germany, Italy, Portugal [two
sites], Sweden and the USA) [21,24]. The study was
approved by local regulatory authorities and institutional
review boards at each site and conducted in accordance with
the Declaration of Helsinki. All patients provided written
informed consent.

Randomization and blinding

The original 18-month registration study that provided
source data for the current analysis was a randomized, dou-
ble-blind, placebo-controlled study [21]. All other studies
contributing source data, including the on-going 10-year
extension study, were open-label, single-treatment study
designs [22,24].

Outcome measures

Neuropathy Impairment Score-Lower Limbs (NIS-LL) [25],
total quality of life (TQOL) as measured using the Norfolk
Quality of Life-Diabetic Neuropathy questionnaire (Norfolk
QOL-DN) [26,27], Karnofsky performance status (not
assessed in the ATTRV30M parent studies), body mass
index (BMI) and modified BMI (mBMI) [28] were evaluated
at 6-month intervals during the parent studies and at
12-month intervals during the on-going extension study.
The NIS-LL and its three components (sensation, reflexes
and muscle weakness) assess the severity of peripheral neu-
ropathy in the lower limbs and are considered valid, reliable
measures of disease severity [29].

Ambulation assessment by modified Polyneuropathy
Disability Score was added in a protocol amendment in June
2011. Available ambulatory assessment data, recorded as
part of routine patient care prior to this amendment, were
retrospectively collected from study sites and ambulation
status was mapped to clinical staging of ATTR-FAP based
on Coutinho et al. [30] (Supplementary Table S1). Albumin
testing, a pre-requisite for calculation of mBMI (included in
the parent studies), was added to the B3461023 study proto-
col in the same amendment. Accordingly, some ambulation
and mBMI results were missing. Due to high rates of miss-
ing data among non-ATTRV30M patients, ambulation data
are not reported and BMI is reported instead of mBMI for
that cohort (ambulation data missing for 6 of 18 patients,
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mBMI data missing for at least eight of 18 patients at
months 24, 36 and 48).

Safety evaluations included the assessment of treatment-
emergent adverse events (AEs) and concomitant medications
at 3-month intervals, clinical laboratory evaluation at
6-month intervals and physical examination and 12-lead
electrocardiogram at 12-month intervals.

Statistical analysis

The cut-off date for this interim analysis was 31 December
2014. The efficacy analysis was based on the intent-to-treat
(ITT) population, including all patients who received at least

one dose of tafamidis in the on-going extension, and who
had a baseline and at least one post-baseline NIS-LL assess-
ments. The safety population comprised all enrolled patients
who received at least one dose of tafamidis in the on-going
extension study. Data were summarized separately for
ATTRV30M and non-ATTRV30M patients. ATTRV30M
patients were presented by treatment group as those who
received tafamidis during both the registration study and
open-label studies (tafamidis-to-tafamidis [T–T] group) and
those who received placebo during the registration study
and were switched to tafamidis on entry into the first open-
label extension study (placebo-to-tafamidis [P–T] group).

Baseline was defined as the baseline of the respective par-
ent study [21,24]. For ATTRV30M patients, data from

162 assessed for eligibility

38 included in safety and efficacy analysis
  0 excluded from safety and efficacy analysis

65 assigned to receive tafamidis
 65 received tafamidis as assigned

17 discontinued intervention
 (13 liver transplant, 3 adverse event,e

 1 withdrew consent)
47 completed Study Fx-005

45 enrolled into Study Fx-006h

 44 continued to receive tafamidis
  1 did not receive tafamidis
   (liver transplant)

  5 discontinued intervention 
 (4 liver transplant, 1 withdrew consent)
39 completed Study Fx-006

38 enrolled into Study B3461023n

 38 received tafamidis

  4 discontinued intervention
 (1 adverse event, 1 withdrew consent,
 2 patient death)o

25 completed Study B3461023r

  9 ongoing in Study B3461023

128 Randomized

37 included in safety and efficacy analysis
  0 excluded from safety and efficacy analysis

63 assigned to receive placebo
 63 received placebo as assigned

17 discontinued intervention
 (13 liver transplant, 2 adverse event,f

 2 withdrew consent)
44 completed Study Fx-005

41 enrolled into Study Fx-006i

 41 started to receive tafamidis
  0 did not receive tafamidis

  3 discontinued intervention
 (1 liver transplant, 2 withdrew consent)
38 completed Study Fx-006

37 enrolled into Study B3461023n

 37 received tafamidis

  7 discontinued intervention
 (1 adverse event, 2 withdrew consent,
 1 patient death, 3 other reason)p

24 completed Study B3461023r

  6 ongoing in Study B3461023

18 included in safety and efficacy analysis
  0 excluded from safety and efficacy analysis

21 assigned to receive tafamidis
 21 received tafamidis

  3 discontinued intervention
 (2 liver transplant,k 1 adverse eventl)
18 completed Study Fx1A-201

18 enrolled into Study B3461023
 18 received tafamidis as assigned

9 discontinued intervention
 (2 adverse event, 3 withdrew consent,
 4 patient death)q

7 completed Study B3461023r

2 ongoing in Study B3461023

64 included in intent-to-treat population
 1 not included in intent-to-treat populationc

21 assessed for eligibility

0 excluded

61 included in intent-to-treat population
 2 not included in intent-to-treat populationd

Study Fx-006g

Study B3461023 as of Dec 31 2014m

ATTRV30M Patients 

Study Fx-005a

Non-ATTRV30M Patients

Study Fx1A -201j

34 excluded
 22 not meeting eligibility criteria
 12 other reasonsb

Figure 1. Patient population. aClinicalTrials.gov: NCT00409175 [21]. bOther reasons for screen failure included protocol non-compliance (n¼ 5), withdrawal of con-
sent (n¼ 2), potential liver transplant (n¼ 1), site closure (n¼ 1), missing reason (n¼ 3). cThe patient discontinued due to an AE of increased nausea without a
post-baseline efficacy assessment. dThe reasons were discontinuation due to an AE of worsening nausea, or due to a negative TTR ATTRV30M genotype, without
post-baseline efficacy assessment. eThe three AEs leading to discontinuation were diarrhoea, urticaria and pregnancy (normal outcome). fThe two AEs leading to dis-
continuation were paraesthesia/fatigue and worsening cardiac amyloidosis. gClinicalTrials.gov: NCT00791492 [22]. hTwo patients who completed the tafamidis arm
of the Fx-005 study did not enrol into Study Fx-006; one was pregnant at the Fx-005 month 18 visit and the other wanted to become pregnant and declined to par-
ticipate in Study Fx-006. iThree patients who completed the placebo arm of the Fx-005 study did not enrol into Study Fx-006; one underwent a liver transplant, two
declined to participate (one due to an imminent liver transplant, one did not want to attend clinic visits). jClinicalTrials.gov: NCT00630864 [24]. kIncludes one com-
bined liver and heart transplant. lThe AE was a transient ischemic attack. mClinicalTrials.gov: NCT00925002. nIn total, two patients who completed study Fx-006
declined to participate in Study B3461023. oThe treatment-emergent AE resulting in discontinuation was renal impairment (considered treatment-related), and the
causes of the deaths were cardiac failure and lymphoma (death occurred 10 days after permanent discontinuation from tafamidis). pThe treatment-emergent AE
resulting in discontinuation was sepsis, and the cause of the patient death was ileus. qThe treatment-emergent AEs resulting in discontinuation were faecal incon-
tinence (considered treatment related, patient died 2 years after study discontinuation of unknown cause) and gastrointestinal disorder. The causes of the four
deaths were cardiac arrest, sepsis, amyloidosis disease progression and heart transplant (death occurred 18 days after permanent discontinuation of tafamidis). rA
total of 56 patients completed Study B3461023 when tafamidis became accessible via prescription upon regulatory approval of tafamidis for treatment of ATTR-FAP
in their country. AE: adverse event; ATTR-FAP: transthyretin familial amyloid polyneuropathy.
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baseline to month 18 are from the registration study; data
from month 18 to 30 are from the first open-label extension
study; and data beyond month 30 are from the on-going
long-term extension study. For non-ATTRV30M patients,
data from baseline to month 12 are from the initial
12-month study [24] and data after month 12 are from the
on-going long-term extension study.

For continuous efficacy outcomes, least squares mean
(LSMean) and their standard error (SE) and 95% confidence
interval (CI) were estimated for change from baseline for
the ATTRV30M T–T, ATTRV30M P–T and non-
ATTRV30M groups, and for the treatment group difference
in change from baseline for ATTRV30M T–T versus P–T by
repeated measures analysis of covariance with adjustment
for baseline values (analysis models described in
Supplementary Box S2). Categorical data were summarized
as number, percentage and 95% CIs.

Kaplan–Meier estimates and their 95% CIs were com-
puted for time to progression to next ambulatory stage from
the first dose of study drug, and compared between treat-
ment groups by the log-rank test. Patients who completed/
discontinued the study and on-going patients without stage
progression were censored at their last follow-up visit.
Patients receiving a liver or heart transplant were censored
at the time of transplant. If the date of a stage progression
was missing, the mid-point date between the last known
date of the previous stage and the first assessment date of
the new stage was used.

The original, double-blind registration study in
ATTRV30M patients and the subsequent open-label exten-
sion studies were conducted sequentially under separate pro-
tocols. In combination, these studies represent the structure
of a delayed-start design [31,32] wherein patients in the ori-
ginal study were assigned randomly to either active treat-
ment (tafamidis) or placebo and after a pre-specified delay
of 18months, those patients who initially received placebo
were switched to active treatment (tafamidis) and those ori-
ginally assigned to active treatment (tafamidis) continued

on tafamidis. In an effort to better elucidate the disease-
modifying effects of tafamidis in patients with an earlier ver-
sus later treatment start, additional slope analyses using a
piecewise linear mixed-effects model with adjustment for the
baseline covariate effect on the rate of progression were per-
formed to assess the rate of disease progression and change
in quality of life across the T–T and P–T study groups based
on data collected for up to 66months (analysis models
described in Supplementary Box 2).

Results

Study population and baseline characteristics

A total of 93 patients were enrolled into the long-term open-
label extension study: 38 ATTRV30M T–T patients, 37
ATTRV30M P–T patients and 18 non-ATTRV30M patients
(Figure 1). At the time of the data cut-off, 17 (18.3%) of the
93 enrolled patients were on-going in the study, 56 (60.2%)
had completed the study when tafamidis became available to
them by prescription and 20 (21.5%) had permanently discon-
tinued the study. Reasons for discontinuation were death
(n¼ 7), withdrawal of consent (n¼ 6), AE (n¼ 4) or other
reasons (n¼ 3) (detailed below). Two patients had a liver
transplant and one received a heart transplant. Per protocol,
the liver-transplant patients continued in the study, but per-
manently discontinued tafamidis before undergoing surgery,
and data from annual post-transplant visits were excluded
from safety and efficacy analyses. The heart transplant patient
was permanently discontinued from the study. Compared
with ATTRV30M patients, non-ATTRV30M patients were
older, had longer symptom duration, greater neurologic
impairment and worse quality of life at baseline (Table 1).

Treatment exposure

For patients who completed or discontinued the study,
mean (SD) cumulative tafamidis exposure was 5.1 (0.8) years

Table 1. Baseline characteristics in the ITT population.

ATTRV30M
Non-ATTRV30M

Tafamidis-to-Tafamidis
(n¼ 38)

Placebo-to-Tafamidis
(n¼ 37)

Tafamidis
(n¼ 18)

Sex, n (%)
Female 20 (52.6) 21 (56.8) 6 (33.3)
Male 18 (47.4) 16 (43.2) 12 (66.7)

Age, mean (SD), years 40.7 (14.1) 38.6 (13.8) 63.6 (9.2)
BMI, mean (SD), kg/m2 23.5 (3.5) 24.1 (5.1) 25.2 (3.6)
mBMIa, mean (SD), [g/L]� [kg/m2] 1028 (175) 1060 (228) 1067 (204)b

Symptom duration, mean (SD), months 45.2 (55.3) 33.9 (34.6) 66.9 (63.4)
NIS-LLc, mean (SD) 6.8 (10.8) 11.6 (14.2) 31.1 (24.4)
NIS-LL muscle weaknessd, mean (SD) 2.1 (6.4) 4.2 (9.6) 16.6 (16.9)
Norfolk QOL-DN TQOLe, mean (SD) 24.1 (26.3) 29.9 (30.1)f 53.9 (34.2)

Baseline was defined as at the start of the parent studies [21,24].
amBMI is calculated as the product of BMI in kg/m2 and serum albumin in g/L to compensate for peripheral edema [28].
bOne non-ATTRV30M patient had a missing baseline mBMI assessment.
cThe NIS-LL, a clinical assessment scoring muscle weakness, sensory loss and decrease of muscle stretch reflexes, ranges from 0
(normal) to 88 (total impairment) [25].
dNIS-LL muscle weakness, a subscore of the NIS-LL, ranges from 0 to 64.
eNorfolk QOL-DN TQOL, a 35-item patient-rated questionnaire to assess the impact of neuropathy on QOL, ranges from –2 (best
QOL) to 138 (worst QOL) [26,27].
fOne patient in the ATTRV30M placebo-to-tafamidis group had a missing baseline TQOL score.
BMI: body mass index; ITT: intent-to-treat; mBMI: modified body mass index; NIS-LL: Neuropathy Impairment Score for the Lower
Limbs; QOL: quality of life; QOL-DN: Quality of Life-Diabetic Neuropathy; SD: standard deviation; TQOL: total quality of life score.

AMYLOID 197

D
ow

nl
oa

de
d 

by
 [

Pf
iz

er
 I

nf
or

m
at

io
n 

&
 L

ib
ra

ry
 S

ci
en

ce
s]

 a
t 0

2:
08

 0
3 

Ja
nu

ar
y 

20
18

 

https://doi.org/10.1080/10428194.2016.1256481
https://doi.org/10.1080/10428194.2016.1256481


in the ATTRV30M T–T group, 3.5 (0.9) years in the
ATTRV30M P–T group and 3.6 (1.0) years in the non-
ATTRV30M group (Supplementary Table S2).

Safety

Tafamidis was generally well-tolerated, with no unexpected
AEs. Eighty-six (92.5%) patients experienced at least one
AE, 24 (25.8%) experienced at least one serious AE (SAE)
and 21 (22.6%) had severe AEs (Supplementary Tables
S3–S5). The most common SAEs included cardiac failure
and chest pain (n¼ 3 [3.2%] each) and sepsis, urinary tract
infection and transient ischemic attack (n¼ 2 [2.2%] each).
One patient had treatment-related SAEs (pericardial effu-
sion, cardiac disorder and aggravated renal function) and
discontinued the study due to renal impairment. The most
frequently reported severe AEs were cardiac failure, consti-
pation and pleural effusion (n¼ 3 [3.2%] each); and sepsis,
fall, transient ischemic attack and renal failure (n¼ 2 [2.2%]
each). Of all severe AEs, one (pericardial effusion) was con-
sidered treatment-related. Twenty-three (24.7%) patients
experienced at least one treatment-related AE, with head-
ache, oedema peripheral and urinary tract infection (n¼ 2
[2.2%] each) most frequently reported (Supplementary
Table S6).

In total, there were four (4.3%) discontinuations due to
AEs (one faecal incontinence, one gastrointestinal disorder,
one renal impairment [described under treatment-related
SAEs above], one sepsis), two of which (faecal incontinence
and renal impairment) were considered treatment-related.
Another eight (8.6%) patients temporarily discontinued tafa-
midis due to AEs.

Deaths

Seven (7.5%) patients died during the study or within
30 days of completion/discontinuation (Figure 1). Causes of
death were cardiac arrest, cardiac failure, disease progres-
sion, heart transplant (18 days post-therapy), ileus,
lymphoma (10 days post-therapy) and sepsis. One additional
post-therapy death of unknown cause occurred 2 years after
study discontinuation for faecal incontinence (listed among
discontinuations due to AE). None of these eight deaths
were treatment related; three patients were ATTRV30M and
five patients were non-ATTRV30M.

The most common laboratory abnormalities in
ATTRV30M patients were increased neutrophils (T–T,
n¼ 8/38 [21.1%]; P–T, n¼ 6/37 [16.2%] P–T), decreased
lymphocytes (T–T, n¼ 7/38 [18.4%]; P–T, n¼ 5/37 [13.5%]
P–T), increased gamma glutamyl transferase (T–T, n¼ 4/38
[10.5%]; P–T, n¼ 4/37 [10.8%]) and decreased thyrotropin
(T–T, n¼ 4/38 [10.5%]; P–T, n¼ 2/37 [5.4%])
(Supplementary Table S7). For non-ATTRV30M patients,
the most common laboratory abnormalities were increased
prothrombin time (n¼ 6/11 [54.5%]) and increased blood
urea nitrogen (n¼ 3/18 [16.7%]). Four (10.5%) patients in
the ATTRV30M T–T group, one (2.7%) patient in the

ATTRV30M P–T group and four (22.2%) non-ATTRV30M
patients had a Fridericia-corrected QT interval>500ms.

Efficacy

ATTRV30M patients who were treated continuously with
tafamidis (i.e. the ATTRV30M T–T group) experienced
numerically less deterioration in neurologic function
throughout continued long-term follow-up compared with
those who initiated tafamidis 18months later (i.e.
ATTRV30M P–T group) (Figure 2(A), Supplementary Table
S8). Thus, the LSMean (SE) increase (i.e. worsening) from
baseline in NIS-LL was consistently smaller in the
ATTRV30M T–T group than in the ATTRV30M P–T group
(7.4 [2.1] versus 12.2 [2.2] at month 66), and the separation
between treatment groups observed at the end of the initial
18-month, double-blind, placebo-controlled phase persisted
(baseline-adjusted LSMean [SE; 95% CI] difference [T–T
minus P–T]: –2.8 [1.5; –5.9, 0.3] at month 18, –4.9 [3.0;
–10.9, 1.2] at month 66). The reduction in NIS-LL increase
in the T–T group compared with the P–T group primarily
reflected slower progression of muscle weakness
(Figure 2(B–D)). For non-ATTRV30M patients, the mean
(SD) baseline NIS-LL was 31.1 (24.4) and the LSMean (SE)
increase from baseline to month 48 was 14.2 (2.9)
(Figure 3(A–D)).

LSMean changes from baseline in TQOL for ATTRV30M
patients showed variability, but generally increased (i.e.
worsened) over time (Figure 2(E), Supplementary Table S8).
The most marked increase over time occurred during pla-
cebo treatment in the P–T group (LSMean [SE] increase
from baseline to month 18: 6.5 [3.2]). By month 66, LSMean
(SE) increases from baseline were similar in the T–T and
P–T groups (4.0 [4.0] versus 6.0 [4.2]). For non-ATTRV30M
patients, the mean (SD) baseline TQOL was 53.9 (34.2) and
the LSMean (SE) increase from baseline to month 48 was
24.8 (8.4) (Figure 3(E)).

To assess the efficacy of tafamidis as a function of earlier
versus delayed treatment start, a post-hoc slope analysis was
conducted to compare the rate of disease progression in
NIS-LL, NIS-LL muscle weakness and TQOL within and
between the T–T and P–T groups during the double-blind,
placebo-controlled phase (months 0–18) and open-label
phases (months 18–66) (Figure 4(A–C)). The T–T group
had significantly slower progression rates on NIS-LL and
NIS-LL muscle weakness compared with the P-T group dur-
ing months 0–18 (baseline-adjusted mean [95% CI] slope
difference [tafamidis minus placebo]: –0.17 [–0.31, –0.03]
points/month, p¼ .019 for NIS-LL; –0.13 [–0.25, –0.02]
points/month, p¼ .024 for NIS-LL muscle weakness; Figure
4(A,B), Supplementary Table S9). Similar findings were
observed for TQOL (–0.49 [–0.84, –0.14] points/month,
p¼ .006; Figure 4(C), Supplementary Table S9). After
switching to tafamidis, the P-T group showed a significant
reduction in the rate of change in NIS-LL, NIS-LL muscle
weakness and TQOL during months 18–66 as compared to
months 0–18 (baseline-adjusted mean [95% CI] slope differ-
ence [tafamidis minus placebo]: –0.17 [–0.29, –0.06] points/
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Figure 2. Intent-to-treat Repeated-measures Analysis of Covariance of Efficacy Endpoints in ATTRV30M Patients for LSMean (SE) Change from Baseline. The pla-
cebo-to-tafamidis (P–T) group received placebo for 18months then switched to tafamidis 20mg/day. The tafamidis-to-tafamidis (T–T) group received tafamidis
20mg/day continuously from day 1. (A) NIS-LL: Score ranges from 0 to 88 points, with higher scores reflecting greater neurologic impairment. Mean (SD) baseline
scores were 6.8 (10.8) in the T–T and 11.6 (14.1) in the P–T groups. LSMean (SE) change from baseline at month 66 was 7.4 (2.1) in the T–T and 12.2 (2.2) in the
P–T groups, with an LSMean (SE) treatment group difference of�4.9 (3.0) points (95% CI:�10.9, 1.2) after adjustment for baseline value. (B) NIS-LL Muscle
Weakness: This subscore ranges from 0 to 64 points. Mean (SD) baseline scores were 2.1 (6.4) in the T–T and 4.2 (9.6) in the P–T groups. LSMean (SE) change from
baseline at month 66 was 3.6 (1.6) in the T–T and 8.0 (1.6) in the P–T groups, with an LSMean (SE) treatment group difference of�4.4 (2.3) points (95% CI:�8.9,
0.1) after adjustment for baseline value. (C) NIS-LL Reflexes: This subscore ranges from 0 to 8 points. Mean (SD) baseline scores were 0.8 (1.8) in the T–T and 1.8
(2.4) in the P–T groups. LSMean (SE) change from baseline at month 66 was 1.2 (0.3) in the T–T and 1.4 (0.3) in the P–T groups, with an LSMean (SE) treatment
group difference of�0.2 (0.4) points (95% CI:�1.1, 0.7) after adjustment for baseline value. (D) NIS-LL Sensation: This subscore ranges from 0 to 16 points. Mean
(SD) baseline scores were 3.9 (3.7) in the T–T and 5.6 (3.8) in the P–T groups. LSMean (SE) change from baseline at month 66 was 2.2 (0.6) in the T–T and 2.8 (0.7)
in the P–T groups, with an LSMean (SE) treatment group difference of�0.5 (0.9) points (95% CI:�2.4, 1.3) after adjustment for baseline value. (E) Norfolk QOL-DN
TQOL: The score ranges from –2 to 138 points, with higher scores indicating worse QOL. Mean (SD) baseline scores were 24.1 (26.3) in the T–T and 29.9 (30.1) in
the P–T groups. LSMean (SE) change from baseline at month 66 was 4.0 (4.0) in the T–T and 6.0 (4.2) in the P–T groups, with an LSMean (SE) treatment group dif-
ference of�2.1 (5.8) points (95% CI:�13.7, 9.5) after adjustment for baseline value. (F) mBMI: mBMI, which is the product of serum albumin (g/L) and BMI (weight
[kg] divided by squared height [m]), compensates for oedema formation. Mean (SD) baseline scores were 1027.6 (174.6) in the T–T and 1060.4 (227.7) g/L� kg/m2

in the in the P–T groups. LSMean (SE) change from baseline at month 66 was –2.7 (20.0) in the T–T and 50.6 (21.0) in the P–T groups, with an LSMean (SE) treat-
ment group difference of�53.3 (29.0) g/L� kg/m2 (95% CI:�111.0, 4.5) after adjustment for baseline value. �The dashed horizontal lines represent the tafamidis
treatment period of the placebo-to-tafamidis group. CI: confidence interval; LSMean: least squares mean; mBMI: modified body mass index; NIS-LL: Neuropathy
Impairment Score for the Lower Limbs; QOL: quality of life; QOL-DN: Quality of Life-Diabetic Neuropathy; SD: standard deviation; SE: standard error; TQOL: total qual-
ity of life score.
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Figure 3. Intent-to-treat Repeated-measures Analysis of Efficacy Endpoints in non-ATTRV30M Patients. Least squares mean (LSMean) (SE) change from baseline: (A)
NIS-LL: The mean (SD) baseline score was 31.1 (24.4) points. The LSMean (SE) change from baseline at month 48 was 14.2 (2.9) points (95% CI: 8.0–20.4). (B) NIS-LL
Muscle Weakness: The mean (SD) baseline score was 16.6 (16.9) points. The LSMean (SE) change from baseline at month 48 was 8.9 (2.3) points (95% CI: 4.1–13.7).
(C) NIS-LL Reflexes: The mean (SD) baseline score was 5.6 (3.4) points. The LSMean change from baseline at month 48 is not available because the repeated meas-
ures analysis model did not converge for this time point. The LSMean (SE) change from baseline at month 36 (the preceding time point) was 1.3 (0.6) points (95%
CI: 0.1–2.6). (D) NIS-LL Sensation: The mean (SD) baseline score was 8.9 (5.4) points. The LSMean (SE) change from baseline at month 48 was 2.6 (0.8) points (95%
CI: 0.9–4.2). (E) Norfolk QOL-DN TQOL: The mean (SD) baseline score was 53.9 (34.2) points. The LSMean (SE) change from baseline at month 48 was 24.8 (8.4)
points (95% CI: 7.0–42.7). (F) Karnofsky performance status index: Scores range from 0 to 100, with lower scores indicating greater functional impairment. The
mean (SD) baseline score was 72.2 (13.5) points. The LSMean (SE) change from baseline at month 48 was�13.4 (3.3) points (95% CI: –20.4, –6.4). (G) BMI: The
mean (SD) baseline score was 25.2 (3.6) kg/m2. The LSMean (SE) change from baseline at month 48 was –1.0 (0.6) kg/m2 (95% CI: –2.2, 0.2). BMI: body mass index;
CI: confidence interval; LSMean: least squares mean; NIS-LL: Neuropathy Impairment Score for the Lower Limbs; QOL-DN: Quality of Life-Diabetic Neuropathy; SD:
standard deviation; SE: standard error; TQOL: total quality of life score.
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month, p¼ .004 for NIS-LL; –0.11 [–0.21, –0.02] points/
month, p¼ .02 for NIS-LL muscle weakness; –0.39 [–0.67,
–0.12] points/month, p¼ .006 for TQOL; Figure 4(A–C);
Supplementary Table S9). The rate of change in disease pro-
gression upon switching from placebo to tafamidis became
similar to that observed following continued use of tafami-
dis, as evidenced by the comparable slopes observed during
the open-label phases (baseline-adjusted mean [95% CI]
slope difference: 0.006 [–0.08, 0.09] points/month, p¼ .890
for NIS-LL; –0.01 [–0.08, 0.05] points/month, p¼ .718 for
NIS-LL muscle weakness; 0.12 [–0.05, 0.29] points/month,
p¼ .179 for TQOL; Figure 4(A–C), Supplementary
Table S9).

Karnofsky performance status was not included in the
double-blind study and first extension study in
ATTRV30M patients (i.e. the first 30months) [21,22], pre-
cluding an assessment of LSMean change from baseline.
The mean (SD) Karnofsky performance status scores at
month 30 (start of on-going extension study) and month
66, respectively, were 83.8 (13.0) and 85.9 (10.8) in the

ATTRV30M T-T group and 80.3 (11.8) and 78.7 (17.7) in
the ATTRV30M P-T group. For non-ATTRV30M patients,
the mean (SD) Karnofsky performance status score was
72.2 (13.5) at baseline of the parent study and gradually
decreased (worsened) over time with an LSMean (SE)
change from baseline to month 48 of –13.4 (3.3)
(Figure 3(F)).

Regarding nutritional status, ATTRV30M T–T patients
showed minor numerical decreases (worsening) in mBMI
relative to baseline at months 54 and 66 (LSMean [SE]
change in g/L� kg/m2: –7.1 [20.3] at month 54, –2.7 [20.0]
at month 66) (Figure 2(F), Supplementary Table S8).
ATTRV30M P–T patients showed steady worsening in
mBMI relative to baseline during placebo treatment and an
improvement (increase from baseline) after switching to
tafamidis, persisting through month 66 (LSMean [SE]
change in g/L� kg/m2: –31.8 [13.5] at month 18 and 50.6
[21.0] at month 66). Non-ATTRV30M patients showed
some degree of worsening in BMI relative to baseline at
months 24–48 (Figure 3(G)).
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Figure 4. Intent-to-treat Slope Analysis of Efficacy Endpoints in ATTRV30M Patients (A) NIS-LL; (B) NIS-LL Muscle Weakness; (C) Norfolk QOL-DN TQOL). The pla-
cebo-to-tafamidis (P–T) group (black solid line) received placebo for 18months then switched to tafamidis 20mg/day. The tafamidis-to-tafamidis (T–T) group (grey
solid line) received tafamidis 20mg/day continuously from day 1. According to the analytic model and shown here, the slopes are adjusted at mean baseline value
of the two treatment groups. The black dashed line extending from months 18 to 66 of the P–T group is the extrapolated projection of disease progression had the
patients remained on placebo. For further details on the slope analysis and definitions of a1–a4, see Supplementary Box S2. NIS-LL: Neuropathy Impairment Score
for the Lower Limbs; QOL-DN: Quality of Life-Diabetic Neuropathy; TQOL: total quality of life score.
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Two patients in the ATTRV30M T–T group versus six
patients in the ATTRV30M P–T group progressed to the
next ambulatory stage by year 6; the 6-year progression rates
(95% CI) from the first dose of study drug were estimated
as 5.5% (1.4–20.2%) versus 34.6% (14.4–68.8%), respectively
(Figure 5).

Discussion

These data represent the longest (up to 6 years) longitudinal
evaluation to date of a medicine for treatment of ATTR-
FAP and support the long-term safety and efficacy of tafa-
midis in delaying neurologic disease progression for
ATTRV30M and non-ATTRV30M patients. Extending the
observations of the double-blind study of tafamidis in
ATTRV30M patients [21] and the initial 12-month open-
label extension study [22] and the open-label 12-month
study in non-ATTRV30M patients [24] by 3 additional
years, the current analysis found that tafamidis had a
favourable safety/tolerability profile over the long-term, with
no deaths associated with its use. The type and incidence of
AEs, concomitant medications and results of clinical labora-
tory evaluations, vital signs, electrocardiograms and physical
examinations in this interim analysis reflected the underly-
ing disease of ATTR-FAP and the known safety profile of
tafamidis [21,22,24].

Among the ATTRV30M patients, those who continuously
received tafamidis experienced numerically less deterioration
of neurologic function from baseline compared with those
initially treated with placebo and then switched to tafamidis
18months later. In fact, patients who received tafamidis
from the start of the pivotal study were less likely to pro-
gress to the next ambulatory stage by 6 years than patients

who started tafamidis later. These observations highlight the
value of early tafamidis treatment to preserve neurologic
functioning. Although earlier treatment is advantageous,
patients benefitted from tafamidis even when initiated later
in the course of their disease. This is supported by the find-
ings that patients who switched from placebo to tafamidis
showed a reduction in the rate of neurologic progression
over the next 4 years of open-label tafamidis treatment that
was comparable to the rate of disease progression observed
in patients who continuously received tafamidis over
5.5 years.

Similar findings were observed for TQOL. Compared
with the worsening observed during the 18-month placebo
phase, TQOL remained relatively stable during long-term
tafamidis treatment in ATTRV30M patients and was com-
parable to that observed in the patients who had received
tafamidis from study start. Nutritional status as assessed
by mBMI remained relatively stable during long-term tafa-
midis treatment, which is consistent with published analy-
ses by Suhr et al. [33], and lends further support for the
long-term efficacy of tafamidis in slowing disease
progression.

The results of the slope analysis support the disease mod-
ifying effects of tafamidis. During the first 18months of
treatment, patients receiving tafamidis had significantly
slower progression rates on NIS-LL, NIS-LL muscle weak-
ness and TQOL compared with those receiving placebo.
Following the switch to tafamidis, patients originally receiv-
ing placebo exhibited a slowing of disease progression and
at a rate significantly less than that observed during placebo
treatment. Further, following the switch to tafamidis, disease
progression rates were comparable to those observed in the
patients who had received tafamidis continuously.
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Figure 5. Kaplan–Meier Analyses of Progression to the Next Ambulatory Stage in ATTRV30M Patients. Kaplan–Meier plot of the time from the first drug dose in
Study Fx-005 to progression to the next ambulatory stage. Two patients with missing baseline assessment and Stage 3 disease at the initial ambulatory assessment
were excluded. Vertical lines indicate censored observations. P–T: placebo-to-tafamidis group received placebo for 18months and then switched to tafamidis
20mg/day; T–T: tafamidis-to-tafamidis group received tafamidis 20mg/day continuously from day 1.
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Additional support for the disease modifying effects of
tafamidis comes from a subgroup analysis of the on-going
extension study wherein ATTRV30M patients with very
mild ATTR-FAP (NIS-LL�10) at the start of tafamidis
treatment showed minimal neurologic disease progression
over time with a mean (95% CI) NIS-LL change from base-
line to 5.5 years of 5.3 (1.6, 9.1) points [23]. These findings
are particularly salient when considering that reported dis-
ease progression rates in untreated heterogeneous ATTR-
FAP populations range from �4 to 6 points per year in
NIS-LL [15,22].

Non-ATTRV30M patients, who were older and had more
advanced disease than the ATTRV30M patients, demon-
strated worsening in efficacy endpoints throughout 4 years
of treatment. As patients with greater impairment at baseline
tend to experience greater changes in disease progression
over time, as measured by NIS-LL [34], the progressive wor-
sening observed may be related to the advanced disease in
these patients. The absence of a comparator in the non-
ATTRV30M group of the present study poses a challenge in
interpreting these data. However, a recent independent study
in 61 Italian patients found tafamidis slowed neurologic pro-
gression after the first 6months of treatment in patients
with advanced disease and in those with non-ATTRV30M
mutations [35]. Furthermore, an observational study of a
heterogeneous group of 43 tafamidis-treated ATTR-FAP
patients (at various stages of illness and comprising
ATTRV30M and non-ATTRV30M genotypes) demonstrated
a slowing of disease progression in about one-third of the
patients who were followed for 3 years [36].

This interim analysis shares limitations typically encoun-
tered in studies on rare diseases, including limited statistical
power due to a relatively small sample size and lack of a
control group for non-ATTRV30M patients initially (first
12months) and for both genotype groups during the exten-
sion studies. Decreases in patient numbers over time further
reduced the precision of some estimates of treatment effect.
Retrospective collection of ambulatory data resulted in miss-
ing assessments. The open-label design presents a possibility
of bias [22], and the slope analyses to examine the disease
progression associated with the delayed-start effect were
conducted post-hoc. Finally, the results may differ among
patients with early- versus late-onset ATTR-FAP and this
was not explored in the present study. Notwithstanding
these limitations, these results provide important evidence
for the long-term safety and efficacy of tafamidis in slowing
ATTR-FAP disease progression, and support an enduring
benefit of earlier treatment initiation.

Conclusions

This long-term analysis out to 6 years, which draws on mul-
tiple studies from the tafamidis clinical development pro-
gram, expands the understanding of the tafamidis treatment
experience for ATTR-FAP. The results confirm and extend
the favourable safety and efficacy profile of tafamidis
reported previously [21,22,24,35,37]. Overall, the findings
underscore the sustainability of tafamidis in preserving

neurologic function over the long-term, and add to the
growing body of evidence supporting early initiation of tafa-
midis to slow disease progression in patients with ATTR-
FAP [21,22,24,35,37].
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