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ABSTRACT

Introduction: The effectiveness of tafamidis for
the treatment of transthyretin familial amyloid
polyneuropathy (TTR-FAP) was evaluated using
data from the Transthyretin Amyloidosis Out-
comes Survey (THAOS) registry.
Methods: Subjects receiving tafamidis (n = 252)
were compared with untreated subjects in a
non-randomized, matched cohort analysis.
Subjects were matched with up to four
untreated controls by genetic mutation, region
of birth, and mean treatment propensity score.
Results: The matched, treated sample consisted
predominantly of subjects with the Val30Met
genotype (92.5%), from Portugal, and with a
mean age of 40.4 years. Over the course of the
2-year follow-up period, subjects treated with
tafamidis showed significantly less deterioration
on the Neuropathy Impairment Score for Lower

Limbs (p\0.001) and its subscales (p\ 0.023)
compared with untreated subjects. There was
significantly less deterioration among tafamidis-
treated subjects compared with untreated sub-
jects on the Norfolk Quality of Life scale
(p\ 0.001). Therewere no significant differences
observed in functional (assessed by Karnofsky
Performance Status Scale score) or nutritional
(assessed by modified body mass index) status
between the treated and untreated groups. The
primary model which examined survival from
baseline using the matched cohort was not able
to yield estimates of the hazard ratio, as there
were no deaths in the tafamidis-treated subjects.
Conclusion: These findings support the results
from clinical trials and strengthen evidence of
the effectiveness of tafamidis beyond conven-
tional clinical trials.
Trial Registration: ClinicalTrials.gov: NCT006
28745
Funding: Pfizer.
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INTRODUCTION

Transthyretin familial amyloid polyneuropathy
(TTR-FAP) is a rare, life-threatening, autosomal-
dominant illness caused by TTR gene mutations
that result in the deposition of amyloid fibrils in
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peripheral nerves and organs [1–3]. The disease
is predominantly characterized by debilitating
sensorimotor and autonomic polyneuropathy,
but complications due to organ involvement
are common [4]. Of the more than 100 TTR
genotypes identified, the most common is
Val30Met [5–8].

Survival time from disease onset to death is
approximately 10 years on average [2, 3, 9], but
this may vary by genotype and phenotype. For
example, in a study in France, Val30Met
patients with a later onset of disease (median
age 64 years), together with patients with the
Ile107Val mutation, showed a more rapid and
severe disease progression than did more slowly
progressing Portuguese Val30Met patients with
an earlier onset of disease (median age 32 years)
and patients with the Ser77Tyr mutation [10].
Liver transplantation is a recognized treatment
option for selected Val30Met patients in the
early stages of TTR-FAP. However, transplanta-
tion is associated with the risk of mortality and
the need for lifelong immunosuppressant ther-
apy, and recent evidence suggests that survival
rates are lower in patients with mutations other
than Val30Met [11, 12].

Tafamidis, a highly specific TTR-stabilizer, is
the only approved medicine to delay progres-
sion of TTR-FAP and has emerged as the new
standard of care [13]. While the efficacy and
safety of tafamidis in the treatment of TTR-FAP
have been demonstrated in clinical trials, little
is known about its real-world effectiveness
[14–18]. In one recent observational study of
approximately 3000 Val30Met patients from
Portuguese referral centers, both liver trans-
plantation and treatment with tafamidis were
associated with a survival benefit when com-
pared with untreated patients [19].

The Transthyretin Amyloidosis Outcomes
Survey (THAOS) is the largest ongoing interna-
tional disease registry collecting longitudinal
data in patients with amyloid TTR (ATTR)
amyloidosis [20]. Comprising data from symp-
tomatic and asymptomatic patients who may be
either treated or untreated, THAOS offers a
valuable opportunity to study the real-world
effectiveness of treatments. The objective of the
current study was to examine the effectiveness
of tafamidis among patients enrolled in THAOS

using matching techniques to allow meaningful
comparison with an untreated control group.

MATERIALS AND METHODS

Study Design

The present analysis is a non-randomized,
matched cohort analysis of longitudinal data,
up to 2 years from baseline, among patients
enrolled in THAOS. Details regarding the basic
design and methodology of THAOS (Clini-
calTrials.gov: NCT 00628745) are described
elsewhere [20]. THAOS is an observational reg-
istry for which any individual with a confirmed
TTR mutation or wild-type ATTR amyloidosis is
eligible, and includes some patients participat-
ing in ongoing clinical trials [20]. All study sites
received ethical or institutional review board
approval prior to subject enrollment, and each
subject provided written informed consent. The
study followed the International Conference on
Harmonisation Good Clinical Practice guideli-
nes and the principles of the Declaration of
Helsinki.

Study Population

This analysis included subjects with confirmed
TTR mutations (subjects with wild-type ATTR
were excluded) who were symptomatic at
enrollment or became symptomatic post
enrollment, and who had baseline data with at
least one follow-up visit. Data were extracted
from the THAOS database on January 6, 2015.
Subjects with TTR mutations known to have a
predominantly cardiac phenotype (i.e.,
Val122Ile, Ile68Leu, Leu111Met, and Thr60Ala)
or who received any treatment (other than
tafamidis) intended to target the course of the
disease (i.e., liver transplant or diflunisal) pre-
enrollment were excluded. The analysis was
limited to subjects in Coutinho stage 1 (as
defined by the modified Polyneuropathy Dis-
ability [mPND]) score, with subjects either
having sensory disturbances in their feet but
able to walk without difficulty [mPND score I],
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or having some difficulties walking but able to
walk without aid [mPND score II] [21].

For patients receiving tafamidis, dosage rec-
ommendations (including dosage strength and
timing of the dosing) were based on the pre-
scribing physician’s clinical judgment and the
local approved product label, or the open-label
study protocol for those patients receiving
tafamidis as part of their participation in a
clinical study (the indicated dose of tafamidis is
20 mg once daily) [22].

Disease duration was calculated from the
earliest onset date of any symptoms commonly
associated with TTR-FAP that the treating
physician had flagged as definitively or possibly
attributable to the disease. An examination of
disease duration at enrollment in all THAOS
subjects identified a subgroup with unusually
long disease duration, raising the possibility
that these unusually long disease duration val-
ues could distort the multiple imputation and
treatment propensity score models. Because
disease duration was an important factor in the
matching process, subjects in the highest quar-
tile (C 8.6 years) were excluded from the anal-
ysis due to these concerns and concerns that
there would be an insufficient number of
appropriate matches for subjects who had been
symptomatic for many years prior to enroll-
ment in THAOS.

Outcome Measures

Subject data from the participating THAOS
registry sites included medical, laboratory,
neurologic, and quality-of-life assessments col-
lected as part of the local standard of care [20].
The focus of the present analysis was disease
progression, based on neurologic and quality-
of-life assessments, and mortality. Outcome
assessments performed at regular clinic visits
were examined based on approximately
6-month intervals (± 3 months). Using data
from the clinical neurologic examination, the
Neurologic Composite Score (NCS; range 0–294,
with higher scores reflecting worsening neuro-
logic functioning) and subscale scores (NCS-
Reflex [range 0–10, with items rated as present
or absent], NCS-Motor [range 0–160, with items

rated from 0 = no contractions to 5 = full range
of motion and maximum resistance], NCS-Sen-
sory [range 0–124, with items rated as normal,
decreased, or absent]) were calculated as the
sum of quantitative ratings for subjects’ neuro-
logic assessments of both upper and lower
limbs. The mapped Neuropathy Impairment
Score-Lower Limbs (NIS-LL, range 0 [normal] to
88 [total impairment]) was calculated from a
subset of neurologic assessment items for lower
limbs and assesses function of the extremities
most affected early in disease progression [23].
Coutinho stage was derived using the mPND
(mPND score I or II equating to Coutinho stage
1; mPND score IIIa or IIIb equating to Coutinho
stage 2), and time to progression from Coutinho
stage 1 to stage 2 (or higher) was determined
[21]. Total Quality of Life (TQoL) score (range
- 4 to 136) was derived from the patient-re-
ported Norfolk Quality of Life-Diabetic Neu-
ropathy questionnaire, with higher scores
reflecting poorer quality of life [23, 24]. The
Karnofsky Performance Status Scale score was
used to quantify the subjects’ ability to perform
normal daily life activities and their need for
assistance (ranging from 0 [dead] to 100 [nor-
mal; no complaints]).

Statistics

Matching Methodology
The matching methodology was designed to
ensure that the heterogeneity among TTR-FAP
cases worldwide, including variability in muta-
tion, age of onset, phenotype, and course of
disease, was well balanced between the treated
and untreated analysis populations. Matching
was accomplished in a three-step process by
matching on mutation group, country of origin,
and by mean treatment propensity score to
account for clinical status.

Subjects were matched within mutation
groups, defined as Val30Met and non-Val30-
Met. Thus, treated Val30Met subjects were
matched with untreated Val30Met subjects.
Within the group of subjects with non-Val30-
Met mutations, it was not possible to match on
the exact mutation owing to low numbers;
therefore, treated subjects were matched to
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untreated subjects within the non-Val30Met
mutation group. Although country of ancestry
may be the closest approximation of genetic
background, this information was not captured
consistently; thus, data on country of birth,
which were available for [ 99% of subjects,
were used as the indicator of genetic
background.

Finally, propensity score estimation was
used to balance the treated and untreated
groups on disease characteristics (e.g., severity
and duration). Propensity scores are frequently
employed to reduce indication bias associated
with treatment status in observational studies,
thus facilitating causal inference [25]. Propen-
sity score matching is widely used in observa-
tional studies and, when appropriately applied,
has been shown to be an effective method
[26, 27]. Indication bias occurs in real-world
(i.e., non-randomized) scenarios, in which
treatment decisions are made by clinicians
based on disease severity and any number of
other important demographic and clinical
factors. The estimated treatment propensity
scores reflect the probability of receiving
treatment based on observed baseline covari-
ates and allow imbalances observed in the
study population to be addressed in the anal-
ysis [28].

Baseline for treated subjects was defined as
the enrollment date (if tafamidis treatment
started before enrollment) or the treatment start
date (if tafamidis treatment started on or after
enrollment). Baseline for untreated subjects was
defined as any visit occurring after symptom
onset and not more than 3 months prior to
enrollment (the THAOS registry permits collec-
tion of retrospective data). Owing to the obser-
vational nature of the THAOS registry, clinical
data are collected and reported as part of rou-
tine care. Given variability in practice patterns
and the influence of disease status on care
decisions, data are assumed not to be missing at
random, that is, the probability of a data point
being missing is related to other factors of
interest at both the site and patient levels.
Missing baseline data were imputed for the
purpose of propensity score modeling to avoid
possible selection bias associated with excluding

subjects with incomplete data. Missing data
were imputed via multiple imputation using a
Markov chain approach. The propensity score
models included eight selected baseline clinical
variables: TQoL; disease duration; Karnofsky
score; the three NCS sub-scores (Reflex, Sensory,
and Motor); blood urea nitrogen (BUN); and
modified body mass index (mBMI). Up to 101
imputations were performed, separately for
Val30Met and non-Val30Met populations,
resulting in a corresponding number of fully
imputed datasets. Each imputed dataset was
entered into a logistic regression model of
treatment probability, as predicted by the same
set of eight baseline clinical variables.

The mean propensity score for each subject
at baseline was used for matching in a nearest-
neighbor approach [29]. To enhance the quality
of matched sets of patients, propensity scores
for the treated and untreated subjects were
required to be within 0.25 standard deviations
(SD) on the logit scale (i.e., logit of the
propensity score) [29]. Furthermore, multiple
baseline dates were considered for the untreated
population (i.e., any THAOS visit occurring
after disease onset and otherwise meeting eli-
gibility criteria). This allowed for the matching
of treated and untreated at a point in time
where clinical status was most similar rather
than at an arbitrary point in time, such as
enrollment. Finally, the quality of the matches
was maintained through the use of matching
‘‘with replacement’’ of untreated subjects.
Untreated subjects were allowed to be used in
more than one matched set, but not more than
once with a given treated subject.

Analyses
Descriptive statistics were calculated for demo-
graphic and baseline clinical characteristics.
Treated subjects are presented at a given time
point only if one or more of their matched
controls also had data available. Untreated
subjects are presented at a given time point only
if their matched treated subject also had data
available. Values for matched controls within
each matched set are weighted. Treatment
effects were evaluated by repeated measures
analyses with appropriate covariates (age at

90 Neurol Ther (2018) 7:87–101



baseline, gender, duration of symptoms, treat-
ment propensity score, time and treatment-by-
time interaction, and baseline values). Survival
and time to progression from Coutinho stage 1
were analyzed using Cox proportional hazards
regression models. Subjects who received alter-
native disease-modifying treatment (i.e., liver
transplant or diflunisal) were censored at the
earlier of liver transplant date or the start of
diflunisal treatment. For time-to-event analyses,
age at baseline and gender were used as covari-
ates for the primary analysis.

Secondary and tertiary models were used to
more fully characterize the survival and time-to-
progression results. The secondary analysis
included all subjects (unmatched) who were
ever at Coutinho stage 1 during the THAOS
registry. As the start time was unrelated to the
treatment start date, the treatment effect was
estimated through use of a time-varying
covariate for tafamidis treatment. The tertiary
analysis included the matched cohorts but was
limited to subjects with mPND score I (having
sensory disturbances in their feet but able to
walk without difficulty) at baseline (i.e.,
excluding subjects with mPND score II; some
difficulties walking but could walk without aid)
to account for the truncated time to progression
in subjects with a higher mPND score. Covari-
ates for the secondary analysis also included age
at baseline, genetic mutation, and birth region,
while covariates for the tertiary analysis inclu-
ded age at the start of Coutinho stage 1 and
gender.

Sensitivity Analysis
Assessment data for the period from the start of
treatment to enrollment in the registry gener-
ally were not available for subjects treated with
tafamidis prior to enrolling in THAOS. Further-
more, these subjects typically had a longer
overall duration of treatment than those who
began receiving treatment at or after enroll-
ment. To evaluate the robustness of the model,
given the uncertainty of the effect of these two
factors, a sensitivity analysis was performed,
analyzing matched cohorts that excluded sub-
jects who received tafamidis treatment prior to
THAOS enrollment.

RESULTS

Population

As of January 6, 2015 (data extraction date),
2535 subjects were enrolled in the THAOS reg-
istry; of these, 274 tafamidis-treated subjects and
255 untreated controls met the inclusion criteria
for the current analysis (Fig. 1). A total of 22
treated and 88 untreated subjects were unable to
be matched, per the pre-specified matching cri-
teria. Prior to the matching, treated subjects had
higher disease burden at baseline than untreated
subjects, as evidenced by higher NIS-LL and
TQoL scores. Box plots of treated and untreated
treatment propensity scores on a logit scale
before matching indicated overlap between the
groups, and thus there were potential matches
for all treated subjects (Fig. 2a).

Each of the 252 treated subjects was matched
with up to four untreated subjects, with a total
of 167 unique untreated subjects. In total, 208
(82.5%) treated subjects were each matched to
four untreated subjects, 13 (5.2%) to three
untreated subjects, eight (3.2%) to two
untreated subjects, and 23 (9.1%) to one
untreated subject. This resulted in 910 unique
matched treated–untreated pairs. The majority
of pairs had an exact match on country of birth
(n = 762; 83.7%). Approximately half the pairs
matched exactly on gender (n = 451; 49.6%).

Box plots of treated and untreated treatment
propensity scores on a logit scale after matching
are shown in Fig. 2b. The mean (SD) difference
between propensity scores for the 910 matched
pairs was 0.012 (0.013) logits.

Demographic and Baseline Characteristics

Baseline demographic characteristics were
broadly similar between tafamidis-treated sub-
jects and matched controls, with a mean (SD)
duration since disease onset of 3.18 (1.9) and
3.27 (1.3) years, respectively (Table 1). The
median post-baseline follow-up time was
23.6 months for treated subjects and
21.4 months for untreated subjects. In the
treated cohort, Val30Met (n = 233; 92.5%) was
the predominant TTR-FAP genotype, the gender
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ratio was approximately equal (n = 131 male;
52.0%), and the majority of subjects (n = 202;
80.2%) were born in Portugal. Other reported
countries of birth were Angola, Argentina,
Austria, Brazil, France, Germany, Italy, Japan,
Sweden, Turkey, United States, and Venezuela.

At baseline, treated subjects had higher
scores across all neurologic endpoints, indicat-
ing greater impairment (Table 1). However, a
comparison of baseline values in the matched
sample analysis, which adjusted for baseline
treatment propensity score, gender, age at

Fig. 1 Eligible study population. THAOS Transthyretin Amyloidosis Outcomes Survey, TTR transthyretin
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Fig. 2 Treatment propensity scores for tafamidis-treated and matched control subjects, a before matching and b after
matching

Table 1 Demographic and clinical characteristics of treated patients and untreated matched controls at baseline

Characteristic, mean (SD) Tafamidis n = 252 Matched controls n = 252a

Age, years 40.36 (11.90) 40.85 (9.36)

TTR disease duration, years 3.18 (1.87) 3.27 (1.28)

Total time on tafamidis, months 29.11 (22.97) –

Mapped NIS-LL 8.92 (9.66) 7.57 (7.29)

NCS 21.34 (22.84) 19.18 (19.20)

Reflex score 0.78 (1.50) 0.55 (0.87)

Motor score 1.70 (6.56) 1.10 (2.07)

Sensory score 19.33 (18.46) 17.45 (16.48)

Norfolk TQoL score 23.44 (23.71) 22.26 (15.26)

Karnofsky index 86.39 (6.92) 85.43 (7.77)

mBMI, kg/m2 9 g/L 1068.09 (248.44) 1049.71 (184.25)

BUN, mg/dL 30.61 (9.71) 30.75 (6.30)

The predominant mutation was Val30Met (92.5% of treated subjects; n = 233), and the majority of subjects were born in
Portugal (80.2% of treated subjects; n = 202)
BUN blood urea nitrogen, mBMI modified body mass index, NCS Neurologic Composite Score, NIS-LL Neuropathy
Impairment Score in the Lower Limbs, SD standard deviation, TQoL Total Quality of Life, TTR transthyretin
a For matched controls, descriptive statistics were calculated using means within matched sets. The unit of analysis (n) is the
matched set rather than the individual
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baseline, and duration of TTR-FAP–related
symptoms at baseline, found no statistically
significant differences for the mapped NIS-LL,
NCS-Motor and NCS-Sensory scores, TQoL,
mBMI, and BUN. There were statistically sig-
nificant differences between the treated and
untreated groups for NCS-Reflex (p = 0.018) and
the Karnofsky score (p = 0.040), with scores
indicating that treated subjects had diminished
reflexes, but better daily functioning, compared
with untreated subjects at baseline.

Change in Neurologic, Quality of Life,
Functional, and Nutritional Status

Over the course of 2 years, tafamidis-treated
subjects had a significantly lower rate of disease
progression than untreated subjects, as
demonstrated by measures of neurologic func-
tion and quality of life (Table 2 and Fig. 3).

Lower rates of progression in tafamidis-treated
subjects compared with untreated subjects were
statistically significant for the NIS-LL, NCS, and
each of the NCS subscale scores (p B 0.023 for
each; Table 2).There was also a significantly
lower rate of worsening in quality of life, as
assessed by TQoL (p\ 0.001).

The trends in the estimated rate of change
between tafamidis-treated and untreated sub-
jects for daily functioning (Karnofsky score) and
nutritional status (assessed using mBMI) were
not significant (Table 2). The estimated rate of
change per year in BUN demonstrated a statis-
tically significant lower rate of worsening in
tafamidis-treated subjects (p = 0.004). While
BUN is not considered a direct measure of ATTR
amyloidosis disease, it was included in this
analysis, as it correlated with disease severity at
baseline.

Table 2 Comparison of estimated rate of change per year of clinical characteristics by treatment status

Clinical outcome Tafamidis
(Est – SE)

Matched controls
(Est – SE)

Tafamidis—matched controls
(Est – SE)

p value

Mapped NIS-LL 0.32 ± 0.49 2.94 ± 0.37 - 2.61 ± 0.46 \0.001

NCS 0.75 ± 1.03 5.82 ± 0.75 - 5.07 ± 1.10 \0.001

Reflex score 0.17 ± 0.06 0.33 ± 0.04 - 0.16 ± 0.07 0.023

Motor score 0.32 ± 0.42 2.65 ± 0.30 - 2.33 ± 0.41 \0.001

Sensory score 0.53 ± 0.56 2.37 ± 0.38 - 1.84 ± 0.64 0.004

Norfolk TQoL

score

- 1.56 ± 0.78 1.67 ± 0.46 - 3.23 ± 0.91 \0.001

Karnofsky index - 0.43 ± 0.31 0.09 ± 0.17 - 0.53 ± 0.35 0.13

mBMI, kg/

m2 9 g/L

18.21 ± 4.81 18.57 ± 3.02 - 0.35 ± 5.68 0.95

BUN, mg/dL 0.94 ± 0.91 4.03 ± 0.54 - 3.10 ± 1.06 0.004

Estimates were calculated from models of tafamidis treatment effect on outcome, adjusted for the following covariates:
baseline value, follow-up time, baseline treatment propensity score, gender, age at baseline, duration of ATTR-related
symptoms at baseline, and a treatment-by-time interaction. The number of treated subjects (numbers were matched with
controls) at baseline, 12 months, and 24 months, respectively, for each measure were as follows: Mapped NIS-LL 203, 173,
51; NCS 175, 146, 43; Reflex score 238, 200, 73; Motor score 227, 192, 68; Sensory score 178, 150, 44; Norfolk TQoL
score 189, 176, 58; Karnofsky index 243, 206, 74; mBMI 170, 130, 47; BUN 210, 171, 56
BUN blood urea nitrogen, Est estimate, mBMI modified body mass index, NCS Neurologic Composite Score, NIS-LL
Neuropathy Impairment Score in the Lower Limbs, SE standard error, TQoL Total Quality of Life
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Sensitivity Analyses

The sensitivity analyses excluded subjects who
initiated tafamidis treatment prior to enroll-
ment in THAOS (n = 53). Of the remaining 199
subjects, matches were found for 196 subjects.
Demographics and clinical characteristics at
baseline were similar to those of the overall
population, with the exception that the mean
total time (SD) on tafamidis (n = 196) was 19.01
(7.05) months, compared with 29.11 (22.97) for
the overall population. The results of the sen-
sitivity analyses were generally similar to those
for the full population (Table 3). There were
statistically significant differences between the
treated and untreated groups for NIS-LL, NCS,

NCS-Motor subscale, NCS-Sensory subscale,
TQoL, and BUN (p B 0.029 for each), but there
was no significant difference in the Karnofsky
score or mBMI. In contrast to the full cohort,
there was no significant difference in the NCS-
Reflex subscale in the sensitivity analysis. A
total of 44 subjects in the full population had
also participated in a tafamidis clinical trial and
were among those excluded in the sensitivity
analysis.

Time to Progression and Survival

None of the primary, secondary, or tertiary
statistical models examining time to disease

Fig. 3 Slope estimates from repeated measures analysis model. mBMI modified body mass index, NCS Neurologic
Composite Score, NIS-LL Neuropathy Impairment Score-Lower Limbs, TQoL Total Quality of Life

Neurol Ther (2018) 7:87–101 95



progression from Coutinho stage 1 to 2 over the
course of 2 years demonstrated a statistically
significant difference between tafamidis-treated
and untreated subjects. However, it should be
noted that only a small number of subjects
progressed from Coutinho stage 1 (sensory dis-
turbances in feet but able to walk without dif-
ficulty, or having difficulties walking but able to
walk without aid) to stage 2 (able to walk with
cane[s] or crutch[es]) during the observation
period. All subjects were at stage 1 at baseline,
and 98.6% of the treated and 97.3% of the
untreated subjects remained in stage 1 through
the 24 months.

Seven deaths were observed; all were in the
untreated group. The primary causes of death
were as follows: sudden death due to cardiac
arrhythmia (two subjects), cardiac arrest (one
subject), pneumonia (one subject), unknown
cause (one subject), and post-organ transplant
complications (two subjects; these subjects were
censored from the analysis at the date they
received their liver transplantation). As there
were no deaths reported for the tafamidis-

treated subjects, the primary model that exam-
ined survival from baseline using the matched
cohort was unable to yield estimates of the
hazard ratio. A secondary analysis of all subjects
(unmatched) examining survival from symp-
tom onset, using a time-varying treatment
covariate and a delayed entry model without
regard to matching, yielded a statistically sig-
nificant hazard ratio of 3.95 (95% confidence
interval: 1.54 to 10.14) for untreated versus
treated subjects (p = 0.0042). Results of the
sensitivity analyses for survival, excluding sub-
jects treated with tafamidis prior to baseline,
showed a similar trend to that seen for the full
cohort.

DISCUSSION

In this non-randomized, matched cohort anal-
ysis of data from THAOS, the largest observa-
tional disease registry of TTR-FAP patients,
tafamidis treatment resulted in significantly less
neurologic disease progression (based on NCS
and NIS-LL) and less deterioration in quality of

Table 3 Comparison of estimated rate of change per year in clinical characteristics by treatment status, excluding subjects
who initiated tafamidis treatment prior to enrollment in THAOS

Clinical outcome Tafamidis
(Est – SE)

Matched controls
(Est – SE)

Tafamidis—matched controls
(Est – SE)

p value

Mapped NIS-LL 0.25 ± 0.56 2.80 ± 0.44 - 2.55 ± 0.50 \0.001

NCS 0.51 ± 1.14 4.88 ± 0.84 - 4.37 ± 1.16 \0.001

Reflex score 0.21 ± 0.06 0.19 ± 0.03 0.03 ± 0.07 0.71

Motor score 0.40 ± 0.46 2.47 ± 0.33 - 2.07 ± 0.44 \0.001

Sensory score 0.20 ± 0.69 1.88 ± 0.46 - 1.67 ± 0.77 0.029

Norfolk TQoL

score

- 2.75 ± 0.92 1.60 ± 0.54 - 4.35 ± 1.05 \0.001

Karnofsky index - 0.47 ± 0.34 0.18 ± 0.19 - 0.65 ± 0.38 0.085

mBMI, kg/

m2 9 g/L

20.54 ± 5.18 20.57 ± 3.13 - 0.03 ± 6.05 [0.99

BUN, mg/dL 0.44 ± 0.85 3.27 ± 0.49 - 2.83 ± 0.98 0.004

Estimates were calculated from models of tafamidis treatment effect on outcome, adjusted for the baseline covariate
BUN blood urea nitrogen, Est estimate, mBMI modified body mass index, NCS Neurologic Composite Score, NIS-LL
Neuropathy Impairment Score in the Lower Limbs, SE standard error, TQoL Total Quality of Life
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life (TQoL) compared with untreated matched
controls. No effect on nutritional status or
functional impairment was observed. The
results from this large international study of
predominantly Val30Met subjects, but includ-
ing non-Val30Met subjects, extend the efficacy
of tafamidis observed in clinical trials [14–18] to
real-world clinical settings.

No difference was observed between treated
and untreated subjects in the time to disease
progression (beyond Coutinho stage 1–2 or
higher) in the present study. This is most likely
due to the low number of subjects who pro-
gressed beyond Coutinho stage 1 during the
course of available follow-up. The median fol-
low-up time was 23.6 months for treated sub-
jects and 21.4 months for untreated subjects;
stage 1 is estimated to last 5.6 (± 2.8) years [21].
The primary survival analysis did not yield
hazard ratios due to a lack of deaths among
treated subjects, but a secondary analysis that
included all subjects without regard to match-
ing found that untreated subjects had a greater
risk of death than did tafamidis-treated subjects.

The results of the analysis in this study
population showing that tafamidis delayed dis-
ease progression in real-world clinical settings
are consistent with data from tafamidis clinical
trials [14–16, 18, 30]. Together, these data pro-
vide further support for early intervention with
tafamidis when treating patients with TTR-FAP.
These results are also consistent with a phase 2
open-label trial in 21 patients with non-Val30-
Met mutations that showed stabilization of TTR
after 12 months of treatment with tafamidis
[18], and with a real-world study using registry
data from Portuguese TTR-FAP referral centers
that demonstrated the effectiveness of tafamidis
for long-term survival in 373 Val30Met patients
[19]. In the real-world study, estimated median
survival time from disease onset was about
12 years for the untreated group and about
25 years in the liver transplantation group,
while median survival time was not reached in
the tafamidis group [19]. The tafamidis-treated
patients had 5- and 10-year survival rates of 99.7
and 94.6%, respectively [19].

Other recent uncontrolled studies in differ-
ent patient groups have demonstrated mixed
results. In one study in 61 Italian patients with a

notably late age at disease onset (59 years) and
the majority with a non-Val30Met mutation,
only one-third of tafamidis-treated patients did
not show significant disease progression (de-
fined as an increase in NIS-LL of\ 2 points from
baseline), although this appeared to be inde-
pendent of mutation type and disease stage
[31]. The authors also noted that disease pro-
gression was observed primarily in the first
6 months of treatment [31]. Another study in 46
French patients, also with a late age at disease
onset (59 years) and majority non-Val30Met,
suggested that tafamidis slowed disease pro-
gression in only some patients (approximately
one-third) after 3 years of follow-up [32]. The
change in NIS-LL in both the tafamidis and
matched control groups in this analysis was less
pronounced than in these past studies in which
the change in NIS-LL with tafamidis at 1 year
was 4 [32] and 5.9 [31]. This difference may be
related to the differences in patient popula-
tions, especially disease severity at baseline and
the response to tafamidis, with higher neuro-
logical severity at baseline having been shown
to be predictive of greater neurological pro-
gression over time regardless of treatment [33].
The difference may also be related to differences
in disease course with some genotypes and
phenotypes [10]. Past clinical trials have
demonstrated significant improvements in BMI
with tafamidis [15, 16]. This improvement was
not seen at most time points in these recent
uncontrolled studies, although a higher BMI or
mBMI at baseline was associated with less dis-
ease progression with treatment [31, 32]. There
was no significant improvement in mBMI in
this analysis, which may have been related to
the large amount of missing mBMI data at later
time points (see Table 2).

Rare disease registries offer an important
opportunity to study the effectiveness of treat-
ments in real-world clinical settings and provide
a practical approach for ensuring adequate sta-
tistical power and long-term follow-up [34].
Careful matching between treated and
untreated cohorts is essential to facilitate causal
inference. The propensity scoring technique
used in the present analysis to address variabil-
ity in clinical status has been successfully
implemented to evaluate the effectiveness of
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treatments in a variety of disease states [35–40],
including rare diseases [41]. In the current
study, there was substantial overlap between
the two cohorts on treatment propensity scores,
indicating comparability between the treated
and untreated groups. Additionally, all resulting
pairs matched exactly on genotype group
(Val30Met or non-Val30Met), and the majority
were matched exactly on region of birth. This
close matching is fundamentally important in
analyses using data from observational studies
and strengthens the interpretation of the
delayed disease progression observed in the
tafamidis group compared with untreated
controls.

As with any observational study, there are
potential sources of bias associated with subject
selection; in this study, efforts were taken to
minimize this bias by employing established,
robust, multi-step matching techniques. Speci-
fic limitations associated with THAOS as a dis-
ease registry are described elsewhere [20]. The
majority of treated subjects in this analysis were
from Portugal (80.2%), were relatively young
(with a mean age of 40.4 years), and had the
Val30Met mutation (92.5%). This broadly
reflects the population enrolled in THAOS who
have been treated with tafamidis. The matching
analysis used in this study requires a sufficiently
large number of subjects for assessment, so it
was not possible to perform comparisons
between different subject sub-groups to deter-
mine whether there were any differences in
their response to treatment. Therefore, these
findings may not be able to be extrapolated to
subjects with non-Val30Met mutations or late-
onset Val30Met. This may be particularly rele-
vant, as some past studies have suggested that
tafamidis may be less effective in older patients
with more advanced disease [32, 42].

CONCLUSION

This is the largest international study to com-
prehensively assess the effectiveness of tafami-
dis, using multiple clinical outcome measures,
under real-world conditions in a predominantly
Val30Met population which also included non-
Val30Met subjects. These findings demonstrate

that tafamidis both delayed neurologic disease
progression and maintained quality of life
compared with untreated matched controls.
These findings confirm previous results and
provide evidence for the effectiveness of tafa-
midis outside conventional clinical trials.
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