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Abstract

Transthyretin hereditary amyloid polyneuropathy, also traditionally known as transthyretin
familial amyloid polyneuropathy (ATTR-FAP), is a rare, relentless, fatal hereditary disorder.
Tafamidis, an oral, non-NSAID, highly specific transthyretin stabilizer, demonstrated safety and
efficacy in slowing neuropathy progression in early-stage ATTRV3OM-FAP in a 1.5-year,
randomized, double-blind, placebo-controlled trial, and 1-year open-label extension study, with
a second long-term open-label extension study ongoing. Subgroup analysis of the effectiveness
of tafamidis in the pivotal study and its open-label extensions revealed a relatively cohesive
cohort of patients with mild neuropathy (i.e. Neuropathy Impairment Score for Lower Limbs
[NIS-LL] < 10) at the start of active treatment. Early treatment with tafamidis for up to 5.5 years
(>1 dose of tafamidis meglumine 20 mg once daily during the original trial or after switching
from placebo in its extension) resulted in sustained delay in neurologic progression and long-
term preservation of nutritional status in this cohort. Mean (95% Cl) changes from baseline in
NIS-LL and mBMI were 5.3 (1.6, 9.1) points and —7.8 (—44.3, 28.8) kg/m? x g/L at 5.5 years,
respectively. No new safety issues or side effects were identified. These data represent the
longest prospective evaluation of tafamidis to date, confirm a favorable safety profile, and
underscore the long-term benefits of early intervention with tafamidis.

Trial Registration: ClincalTrials.gov Identifier: NCT00409175, NCT00791492, and NCT00925002.

Abbreviations: AE, adverse event; ATTR-FAP, transthyretin familial amyloid polyneuropathy; Cl,
confidence interval; mBMI, modified body mass index; NIS-LL, Neuropathy Impairment Score for
the Lower Limbs; SD, standard deviation; TTR, transthyretin
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Transthyretin hereditary amyloid polyneuropathy, tradition-
ally called familial amyloid polyneuropathy (ATTR-FAP), is a
rare, relentless, fatal, autosomal dominant genetic disorder
caused by mutations in the 77R gene, which destabilize the
tetrameric structure of TTR protein, causing it to dissociate,
misfold, and form amyloid deposits in nerve tissues, the heart,
and other organs [1,2]. Of more than 100 different TTR
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mutations linked to ATTR-FAP, the most common variant is
the TTRV30M [protein variant including 20-amino acid
signal peptide, p.(V50M)] mutation with large endemic foci in
Portugal, Japan, Sweden, and Brazil [2,3]. ATTR-FAP is
characterized by amyloid deposition in the peripheral nervous
system, resulting in a progressive and severely debilitating
sensorimotor and autonomic polyneuropathy [1,4]. Early
neuropathic symptoms include impairment of temperature
and pain sensation in the feet, erectile dysfunction, alternating
constipation and diarrhea, sweating abnormalities, or postural
hypotension [1,4]. Other common clinical features of ATTR-
FAP are inexplicable weight loss, cardiac arrhythmia, renal
impairment, and ocular involvement [1,5]. If left untreated,
ATTR-FAP has a clinical course that is characterized by pain
and progressive disability, leading to death on average within
10 years after symptom onset [1].

Liver transplantation and TTR stabilization represent the
current treatment options for ATTR-FAP [6,7]. Liver
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transplantation, which has historically been the standard of
care for mild or moderate ATTR-FAP [1], removes the
primary source of circulating mutant TTR and may slow or
halt neuropathy progression in a restricted group of patients
with early-stage disease and primarily the V30M mutation
who can withstand the invasive surgical procedures and
subsequent life-long immunosuppressive therapy [8]. With
successively stricter selection criteria in terms of disease
duration, nutritional status, and patient age applied over the
past 20 years, liver transplant was associated with a 15-year
survival rate of nearly 80% in patients with early-onset
ATTRV30M-FAP (i.e. disease onset before 50 years of age)
[8]. Interestingly, data from the Familial Amyloidotic
Polyneuropathy World Transplant Registry show a notable
decline in liver transplantations since 2008 that is possibly
related to the approval of tafamidis [8], and there is a growing
consensus that noninvasive treatments with broader applic-
ability to the diverse phenotypes seen in TTR amyloidosis are
needed [6,7,9,10].

Tafamidis, an oral, non-NSAID, highly specific TTR
stabilizer, is emerging as the new standard of care for
ATTR-FAP and remains the only medicine approved to delay
peripheral neurologic impairment in ATTR-FAP. Tafamidis is
presently approved in the European Union and several
countries in Latin America and Asia, with several hundred
patients treated clinically to date [11,12].

The efficacy and safety of tafamidis was demonstrated in
an 18-month, randomized, double-blind, placebo-controlled
registration trial in 128 patients with early-stage ATTRV30M-
FAP from Europe and Latin America [13]. Pre-specified
analyses of five measures of clinical disease progression
(including Neuropathy Impairment Score for Lower Limbs
[NIS-LL], small and large fiber measures of neuropathy,
modified body mass index [mBMI], and Norfolk Quality of
Life-Diabetic Neuropathy total score), favored tafamidis over
placebo, with significant positive treatment group differences
in NIS-LL total score, small fiber measures, and mBMI at
month 18 [13].

Following the registration trial [13], patients originally
assigned to receive tafamidis who continued tafamidis treat-
ment in the 1-year open-label extension study had stable rates
of change in NIS-LL; whereas patients who had previously
received placebo and switched to tafamidis during the open-
label extension had a reduction in their rate of change in NIS-
LL [14]. All patients who completed the 1-year extension study
were eligible for enrollment in a second and ongoing open-
label extension study to evaluate the long-term safety and
efficacy of tafamidis (ClinicalTrials.gov, NCT00925002). The
current analysis focuses on the long-term effects of tafamidis in
patients with mild neuropathy at treatment start. The long-term
safety and disease progression trajectory for patients with
ATTRV30M-FAP and a low level of baseline disease severity
at treatment start (i.e. NIS-LL < 10) over 5.5 years of tafamidis
treatment are described.

Methods
Analysis population and study designs

Patients between the ages of 18 and 75 years with early-stage,
biopsy-confirmed ATTR-FAP due to a documented TTRV30M
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mutation at enrollment into the registration trial were included
in this analysis if they (a) received at least one dose of tafamidis
in the registration trial [13] or its 12-month extension [14], (b)
had a baseline NIS-LL total score <10 points just prior to the
first dose of tafamidis (i.e. very early Coutinho Stage 1 disease
[4,15]), and (c) had follow-up data available. Patients self-
administered oral tafamidis meglumine (20mg soft gelatin
capsule once daily) since the start of the registration trial or
after switching from placebo to tafamidis at the start of the 12-
month extension study (Figure 1). Full details regarding the
double-blind trial and 1-year open-label extension study have
been published previously [13,14,16]. The ongoing long-term
extension study was initiated in August 2009 for up to 10 years
or until study participants have access to tafamidis for ATTR-
FAP via prescription (ClinicalTrials.gov, NCT00925002).

All study protocols were approved by the local scientific
ethical committees and regulatory authorities and were
conducted in accordance with the International Conference
on Harmonisation Guidelines for Good Clinical Practice and
the Declaration of Helsinki and its amendments. All patients
provided written informed consent and re-consent prior to
their inclusion in the studies.

Efficacy and safety assessments

Efficacy and safety assessments were scheduled for weeks 2,
4, 8, and 12, and at months 6, 9, 12, and 18 during conduct of
the double-blind study; at week 6 and months 3, 6, and 12 of
the completed open-label extension study; and every 3 months
(safety) or annually (efficacy) during the ongoing open-label
extension study.

Disease severity and the impact of tafamidis on neurologic
progression over time were evaluated using the NIS-LL, a
validated instrument for assessing neuropathy progression in
ATTR-FAP previously used to detect change in severity of
diabetic polyneuropathy [13,14,17]. The NIS-LL quantifies the
neurologic examination by measuring motor, sensory, and
reflex functions in the lower limbs, which are most affected in
early-stage ATTR-FAP [13]. The NIS-LL total score is obtained
by adding subscale scores in each lower limb for muscle
weakness, reflexes, and sensation to yield a result on a scale that
ranges from 0 (normal) to 88 (absence of all activity in the lower
limbs) [13]. During the original trial and first 12-month
extension study, the NIS-LL was assessed twice at each study
visit, separated by 24 h to 1 week, with the results reported as
the average of the two tests. In the ongoing long-term extension
study single NIS-LL assessments were obtained.

Nutritional status was assessed using the mBMI [18]. The
mBMI compensated for potential edema caused by malnutri-
tion due to gastrointestinal dysfunction, and is calculated by
multiplying BMI (kg/m?) with serum albumin concentration
(g/L) [18].

Safety and tolerability were measured by adverse event
(AE) monitoring, physical and neurologic examinations, vital
signs, and clinical laboratory evaluations. All observed or
volunteered AEs, regardless of severity or suspected relation
to tafamidis, were documented during the studies. Medical
Dictionary for Regulatory Activities (version 18.0) coding
was applied. The study investigators rated the intensity of
each AE (mild, moderate, or severe) and categorized the
relationship between each AE and study drug.
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Figure 1. Analysis population and patient disposition. *All randomized patients who received at least one dose of study medication and had at least one
follow-up assessment. tOne patient who completed the tafamidis arm of the double-blind trial did not enroll in the open-label extension study, as he/she
wanted to become pregnant. NIS-LL: Neuropathy Impairment Score for the Lower Limbs.

Statistical analysis

The cutoff point for this intent-to-treat analysis was 10 March
2015. Baseline was defined as the last measurement before
the first active dose of tafamidis. Individual and mean
(standard deviation [SD] or 95% confidence interval [CI])
change from baseline in NIS-LL and mBMI over time was
analyzed using SAS® (SAS® Institute Inc., Cary, NC). The
analysis was descriptive in nature (i.e. no formal hypotheses

were tested) and based on observed data only (i.e. missing
data were not imputed).

Results
Patients and treatment

Seventy-one of 128 patients who entered the double-blind
trial met the criteria for evaluation and were included in the



DOI: 10.1080/13506129.2016.1207163

Table 1. Demographic and clinical characteristics at baseline®.

NIS-LL < 10 at

Characteristic treatment start (N="71)

Gender, n (%)

Female 41 (57.7)

Male 30 (42.3)
Race/ethnicity, n (%)

Caucasian 65 (91.5)

Latino American 4 (5.6)

Not available 2 (2.8)
Age at symptom onset, year

Mean 357+11.3

Median (range) 32.0 (22-65)
Symptom duration, month

Mean 37.6 +46.7

Median (range) 18.2 (2-268)
NIS-LL total score”

Mean 4.1+3.1

Median (range) 4.0 (0.0-10.0)
Modified body-mass index (g/L) % (kg/m>)°

Mean 1063 + 181

Median (range) 1066 (716-1581)

NIS-LL: Neuropathy Impairment Score for the Lower Limbs; SD:
standard deviation.

“Plus—minus values are means=+ SD. Listed are values for the last
assessment before the first dose of tafamidis for the 71 patients who
had a NIS-LL total score < 10 at the last assessment before the first
dose of tafamidis.

®The NIS-LL total score ranges from O (normal) to 88 (total impairment).

“The modified body mass index is the product of serum albumin in gram
per liter multiplied by the weight in kilograms divided by the square of
the height in meters.

analysis. Of these, 72% (51/71) initiated tafamidis treatment
at the start of the double-blind study and 28% (20/71) after
switching from placebo to tafamidis in the first extension trial
(Figure 1). At the time of the data cutoff, 22/71 patients (31%)
had discontinued tafamidis treatment during the three studies
(59% (13/22) due to availability of a donor liver), 1/71 (1.4%)
had not enrolled in the open-label extension study after
completing the double-blind trial as they wanted to become
pregnant, and 38/71 (54%) had completed the third study
when tafamidis became approved for the treatment of ATTR-
FAP and available in their country. Ten of 71 patients (14%)
were still receiving tafamidis treatment within the ongoing
long-term extension study.

The baseline characteristics of the analysis population at
the last assessment before the first dose of tafamidis were
representative of an early-stage ATTR-FAP population
(Table 1). At baseline, only modest impairment was observed
of NIS-LL, and nutritional status was well preserved based on
the mBMI [13,18]. Median (range) age at disease onset was
32.0 (22-65) years. Based on medical history terms related to
ATTR-FAP, the most common ongoing symptoms at baseline
were paraesthesia and neuralgia, which affected 56.3%
(40/71) and 35.2% (25/71) of patients, respectively
(Supplementary Table S1).

Excluding the 10 patients who were ongoing in the second
extension study, the median exposure time to tafamidis
(range) was 3.9 (0.5-5.9) years (n=61). The maximum
exposure time to tafamidis was 7.5 years (n = 3) at the time of
this analysis.
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Figure 2. Absolute NIS-LL total scores throughout long-term tafamidis
treatment for each of the 71 patients with baseline NIS-LL < 10 at the
last assessment before the first dose of tafamidis. NIS-LL: Neuropathy
Impairment Score for the Lower Limbs.

Longitudinal analysis of neurologic impairment and
malnutrition

A baseline NIS-LL < 10 at treatment start was associated with
a minimal level of neurologic disease progression over time
(Figure 2). The mean (95% CI) change from baseline in NIS-
LL was 0.6 (—0.2, 1.4) at 1 year, 1.3 (0.3, 2.3) at 2 years, 2.2
(—0.1, 4.6) at 3.5 years, 3.5 (0.4, 6.7) at 4.5 years, and 5.3
(1.6, 9.1) points after 5.5 years of tafamidis treatment (Figure
3A). Muscle weakness, loss of sensation, and loss of reflex
contributed to the small increase in NIS-LL total score
(Figure 3B). The main sensory impairment detected at
baseline and during tafamidis treatment was reduced percep-
tion of pin-prick, soft touch, and vibration in the toe, and
muscle weakness occurred primarily in the toe with little or
no dysfunction in the ankle or knee (Supplementary Table
S2). Furthermore, reductions in reflexes were detected
primarily in the triceps surae muscle, with very minor
reductions detected also in the quadriceps femoris muscle at
5.5 years. Additional categorization of patients by their
baseline NIS-LL scores as either 0-5 (n=50) or >5-10
(n=21) at the start of treatment revealed similar disease
trajectories to the full analysis population (Figure 3C).

Nutritional status did not significantly deteriorate during
long-term tafamidis treatment based on a mean (95% CI)
change from baseline in mBMI of 28.5 (7.9, 49.1) at 1 year,
28.2 (3.5, 52.9) at 2 years, 16.3 (—27.5, 60.1) at 3.5 years,
—15 (—64.6, 34.7) at 4.5 years, and —7.8 (—44.3, 28.8) kg/m2
x g/L at 5.5 years (Figure 4).

Safety and tolerability

No new safety issues or side effects of tafamidis were
identified in this long-term analysis. The most common all-
causality treatment-emergent AEs are listed in Supplementary
Table S3, and reflect the long observation period. AEs of
urinary tract infection and vaginal infection were experienced
by 28.2% and 9.9% of patients, respectively; of these, 40.0%
and 14.3% were considered to be possibly related to tafamidis
treatment. Episodes of diarrhea were reported in 22.5% of
patients, 43.8% of these events were assessed as possibly
treatment-related. During up to 5.5 years of follow-up, 3/71
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Figure 3. Mean (95% CI) change from baseline in NIS-LL throughout
5.5 years of tafamidis treatment among 71 patients with baseline NIS-
LL <10 at last assessment before first dose of tafamidis. Analyses were
performed using observed cases. Year 5 data were excluded due to
limited data (n =2). Mean change in NIS-LL total score (Panel A). Mean
change in three NIS-LL subscale scores, muscle weakness, sensation,
and reflexes (Panel B). The subscales range from 0 to 64 (muscle
weakness), 0 to 16 (sensation), or O to 8 (reflexes), with higher values
indicating greater neurologic deficit. Mean (95% CI) baseline NIS-LL
sub-scores in the analysis population were 0.2 (0.0-0.4) for muscle
weakness, 3.4 (2.8-4.0) for sensation, and 0.5 (0.2-0.8) for reflexes.
Subgroup analysis of the mean change in NIS-LL total score in patients
with baseline NIS-LL score of 05 (n = 50) versus those with a baseline
NIS-LL score of >5-10 (n=21) (Panel C). Mean (95% CI) baseline
NIS-LL total scores were 2.5 (2.0-2.9) and 8.1 (7.4-8.8) for the two
subgroups. CI: confidence interval; NIS-LL: Neuropathy Impairment
Score for the Lower Limbs.

patients (4%) discontinued treatment due to treatment-emer-
gent AEs, including 1 AE of diarrhea judged to be possibly
related to the underlying ATTR-FAP, 1 AE of urticaria, and 1
AE of renal impairment, all considered to be possibly
treatment-related. None of these 3 AEs recovered after
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Figure 4. Mean (95% CI) change from baseline in mBMI throughout 5.5
years of tafamidis treatment among 71 patients with baseline NIS-
LL <10 at last assessment before first dose of tafamidis. Analyses were
performed using observed cases. Year 5 data were excluded due to
limited data (n =2). CI: confidence interval; mBMI: modified body mass
index.

discontinuation. In addition, 1 patient died of lymphoma
10 days after the last dose of tafamidis. The treatment-
emergent lymphoma was not judged to be treatment-related.

Discussion

The present analysis represents the longest prospective
evaluation to date of tafamidis, an oral treatment for ATTR-
FAP approved in Europe and several Asian and Latin-
American countries. Results showed a sustained delay in
neurologic progression and preservation of nutritional status
for up to 5.5 years following early treatment with tafamidis. A
minimal level of disease progression as measured by NIS-LL
was observed in patients with ATTRV30M-FAP and low
baseline disease severity upon initiation of tafamidis, defined
as a NIS-LL total score < 10 at treatment start. The mean
change from baseline in NIS-LL increased slowly to 5.3
points at 5.5 years, with an increase in mean change from
baseline from 3.5 to 5.3 points in the last year. Importantly,
the results in the current population do not preclude favorable
effects in patients with greater baseline severity. Tafamidis
treatment was generally well tolerated. The type and
incidence of treatment-emergent AEs in this analysis popu-
lation are consistent with previous studies and reflect the
underlying disease of ATTR-FAP and the long observation
period. No new safety issues or side effects were identified.

The results were from a post hoc analysis of patients with
ATTRV30M-FAP who received tafamidis 20 mg once daily in
three sequential studies. Neurologic disease progression was
assessed from a single outcome measure, NIS-LL, which may
have missed changes in small fiber nerve function. The lack of
a direct control group for comparison limits the ability to
determine whether the observed low rates of neuropathic
progression were a consequence of tafamidis treatment or of
the natural history of the disease itself. The use of natural
history data as a historical comparator, a common approach in
rare disease drug development, is challenging due to the
dependence on, and the need to adjust for, baseline severity
levels when examining the rate of change in NIS-LL.
Published estimates of the mean rate of natural disease
progression as measured by NIS-LL range from ~4 points per
year (i.e. 0.34 points/month) in 33 placebo-treated patients
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with early-stage ATTRV30M-FAP (mean [SD] baseline NIS-
LL, 11.6 [14.5] points) [14], to ~6 points per year (i.e. 12.1
points over 2 years) in a heterogeneous ATTR-FAP popula-
tion of 66 placebo-treated patients some of whom had more
advanced disease (mean [SD] baseline NIS-LL, 27.2 [24.5]
points) [19].

In conclusion, early intervention with tafamidis led to
minimal disease progression over 5.5 years in this cohort of
patients with mild ATTR-FAP at treatment start and was
accompanied by a favorable long-term side-effect profile. As
part of good clinical practice, patients taking tafamidis should
receive regular multifaceted clinical assessments of neuro-
logic, cardiac, and renal function at referral centers in order to
fully assess patient response to treatment. Overall, these
findings underscore the long-term benefits, efficacy, and
safety of early intervention with tafamidis and support earlier
work, suggesting that tafamidis treatment should be initiated
as early as possible in patients with symptomatic ATTR-
FAP [14].
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