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Aims Hereditary (ATTRv) and wild-type (ATTRwt) transthyretin amyloidosis are severe and fatal systemic diseases,
characterised by amyloid fibrillar accumulation principally in the heart or peripheral nerves (or both). Since
2012, tafamidis has been used in France to treat patients with ATTRv with neuropathy (alone or combined with
cardiomyopathy). Recently, the Phase III ATTR-ACT trial showed that tafamidis decreased the relative risk of mortality
in ATTR amyloidosis with cardiomyopathy. The aims of this study were to assess the clinical characteristics of
ATTR amyloidosis in a real-life population in comparison to the population included in the ATTR-ACT trial and
to assess the impact of tafamidis treatment on major cardiovascular outcome (MCO)-free survival time without
cardiac decompensation, heart transplant, or death.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Methods
and results

From June 2008 to November 2018, 648 patients with ATTR amyloidosis (423 ATTRwt and 225 ATTRv) consecutively
referred to the French Referral Center for cardiac amyloidosis were included. A total of 467 (72%) patients matched
the inclusion criteria of the ATTR-ACT trial. For the 631 patients with cardiomyopathy, tafamidis treatment was
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associated with a longer median MCO-free survival time (n = 98): 1565 (1010–2400) days vs. 771 (686–895) days
without treatment (log-rank P< 0.001). This association was confirmed after considering confounding factors (age
at inclusion, N-terminal pro-B-type natriuretic peptide and amyloidosis type) with a propensity score (hazard ratio
0.546; P = 0.0132).

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Conclusion In a large cohort of ATTRwt and ATTRv patients, representative of the inclusion criteria of the ATTR-ACT trial, the
present results show an association between tafamidis treatment and a lower occurrence of cardiovascular outcomes
in a real-life population.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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Introduction
Amyloidosis is a severe, progressive and fatal systemic disease,
characterised by an accumulation of insoluble fibrillar proteins
in the extracellular matrix of various organs including the heart
and peripheral nerves.1 Cardiac involvement may occur in the
three main types of amyloidosis; namely amyloidosis associated
with immunoglobulin light chains (AL), wild-type (also known as
‘senile’) transthyretin (TTR) amyloidosis (ATTRwt) and hereditary
TTR amyloidosis caused by TTR gene variants (ATTRv).2–4 Cardiac
TTR amyloidosis is characterised by increased ventricular wall
thickness and myocardial rigidity resulting in TTR deposition. This
causes an increase in ventricular pressure with a minimal increase
in volume3 and leads to diastolic dysfunction, progressing to heart
failure.5

ATTRwt is associated with aging. In contrast, ATTRv is a het-
erogeneous disorder characterised by three different phenotypes
(neuropathic, cardiomyopathic, or mixed)3, depending on the TTR
gene mutation.

The prognosis of ATTR amyloidosis varies according to the
mutation type, the phenotype and the diagnostic delay. In ATTRwt
and ATTRv with cardiac involvement, associated or not with neu-
rological symptoms, the disease evolves progressively,6 leading
to cardiac failure and death within 10 years of onset,7 whereas
survival time is longer in ATTRv with pure neuropathic pro-
file. The median survival time in untreated cardiomyopathic or
mixed cardio-neuropathic forms is 2.5 years for ATTRv (mainly
ATTRV122I) and 3.6 years for ATTRwt.8,9

Several disease-modifying drugs such as tafamidis have been
approved for the treatment of neurological ATTRv. Tafamidis binds
to TTR at the thyroxine-binding site and inhibits dissociation of the
TTR tetramer, which is the rate-limiting step in amyloidogenesis.9

It has been approved for the treatment of ATTRv with neuropathy
since 2012 in France, but its impact on survival time remains
to be determined.8 ATTRv patients with cardiac involvement can
only be treated if they present mixed cardiologic and neurologic
impairment.

In ATTR cardiac amyloidosis, an open-label Phase II trial with
31 patients showed that tafamidis (20 mg daily) stabilised TTR
and presented an acceptable safety profile.10 In a retrospective
study of 29 patients with ATTR cardiac amyloidosis treated with
TTR stabilisers (tafamidis or diflunisal), survival time was longer
in these patients compared to 91 untreated patients.5 Treatment ..
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.. with these drugs was associated with a lower risk of occur-
rence of a combined endpoint of poor outcome (heart trans-
plant or death).5 Long-term use of tafamidis was associated with a
favourable safety and tolerability profile, without any unexpected
adverse events.11 The Transthyretin Amyloidosis Cardiomyopathy
Clinical Trial (ATTR-ACT) was designed to determine the effi-
cacy and safety of tafamidis in ATTR amyloidosis. Overall, 441

patients with ATTRv and ATTRwt were included, of whom 266
were treated with tafamidis.8 The ATTR-ACT trial demonstrated
that tafamidis reduced the relative risk of mortality by 30% and
the recurrence of rehospitalisation for acute heart failure by 32%.
Following evaluation by the French National Agency for Medicines
and Health Products Safety (ANSM), tafamidis has become avail-
able in France since November 2018 through an early access pro-
gramme (RTU; temporary recommendation for use) for treatment
of ATTR-associated cardiac amyloidosis [New York Heart Associ-
ation (NYHA) class I to III].12

The aims of the present study are (i) to assess the clinical char-
acteristics of ATTR amyloidosis in a real-life population compared
to the selected population included in the Phase III ATTR-ACT
trial, and (ii) to assess the impact of tafamidis treatment on major
cardiovascular outcome (MCO)-free survival time, without cardiac
decompensation, heart transplant, or death.

Methods
The study was approved by the institutional ethics committee (autho-
risation number #1431858), and informed consent for participation in
this research was obtained from all patients. Data were recorded elec-
tronically in the Henri Mondor Amyloidosis Network registry as autho-
rised by the French CNIL (Commission National de l’Informatique et
des Libertés).

Study population
This cohort study was conducted in France from June 2008 to Novem-
ber 2018. All consecutive patients with a confirmed diagnosis of ATTRv
or ATTRwt referred to the Henri Mondor Amyloidosis Network,
France, were included prospectively. Diagnosis of ATTR amyloidosis
was made as previously described.2 TTR gene sequencing was per-
formed to differentiate ATTRwt from ATTRv. Cardiac amyloidosis was
considered in patients with amyloidosis when there was an increase
in ventricular wall thickness (>12 mm) measured at echocardiogra-
phy in the absence of other known causes of cardiac hypertrophy.13

© 2020 European Society of Cardiology
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All patients with a suspicion of amyloidosis referred to the Mondor
Amyloidosis Network, France 

N=2103

Patients excluded*
N=1455 

Patients included: Hereditary (ATTRv) and senile (ATTRwt) transthyretin amyloidosis
patients N=648

Treated with tafamidis N=113**

ATTRv patients N=225
Treated with tafamidis: N=96

ATTRwt patients  N=423
Treated with tafamidis N=17

Not treated with tafamidis : N=406

ATTRv patients with neuropathy
N=17

Treated with tafamidis: N=15
Not treated with tafamidis: N=2

N=208
ATTRv pure cardiomyopathic, or mixed cardio-neuropathic

Treated with tafamidis: N=81  
Not treated with tafamidis : N=127 

Figure 1 Population flow-chart for study subgroups. *Patients with immunoglobulin light chains amyloidosis (AL) (n = 347), patients with
other diagnoses (n = 1005), patients with transthyretin amyloidosis (ATTR) who had received a liver transplant before inclusion (n = 29),
patients with asymptomatic ATTR amyloidosis (n = 59), patients treated with patisiran without being treated first by tafamidis (n = 2), patients
treated with diflunisal (n = 4), patients with ATTR amyloidosis waiting for genotyping (n = 9). **Follow-up of patients was censured at the
date of different events: liver transplantation (n = 12), treatment with tafamidis after November 2018 (n = 41), treatment with tafamidis and
patisiran, inotersen or diflunisal (n = 23).

Patients with a diagnosis of cardiac amyloidosis other than ATTRv or
ATTRwt, who had ATTR amyloidosis but no clinical symptoms or iden-
tified genotypic marker, or who had been received a liver transplant or
been treated with patisiran or diflunisal before inclusion were excluded
(Figure 1). Patients in whom tafamidis treatment was initiated after
November 2018 were not included.

Selection of patient subgroups
Patients were distributed into subgroups by genotype (ATTRwt or
ATTRv), phenotype (pure neuropathic profile, pure cardiomyopathic,
or mixed cardio-neuropathic profile), tafamidis treatment (treated or
untreated) and ATTR-ACT status categories.

Four ATTR-ACT status categories were defined, based on matching
the eligibility criteria of the ATTR-ACT trial with respect to N-terminal
pro-B-type natriuretic peptide (NT-proBNP) levels ≥600 pg/mL,
NYHA class and interventricular septum thickness (IVST) as follows:
(i) NT-proBNP ≤600 pg/mL and an IVST considered as ‘too mild’
for inclusion in ATTR-ACT; (ii) NYHA class IV: considered as ‘too
severe’ for inclusion; (iii) NT-proBNP≥600 pg/mL and NYHA class
I–III considered as eligible for inclusion in ATTR-ACT and indeed
included in the trial; and (iv) NT-proBNP≥600 pg/mL and NYHA
class I–III considered as eligible for inclusion in ATTR-ACT but not
included.

Data collection
Data were collected during routine clinical practice at the discretion
of the investigator and included information on clinical, cardiovascu-
lar, biological and echocardiographic characteristics, disease history,
cardiovascular risk factors, cardiac decompensation (hospitalisation for ..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

.. the setting up of an intravenous diuretic treatment), heart transplanta-
tion, death, and treatment.

Patients who underwent liver transplantation or were switched to
patisiran (0.3 mg/kg body weight), inotersen (300 mg), or diflunisal
during follow-up were censored at the date of the event.

Statistical analyses
Analyses were performed using Statistical Analysis Software version
9.4 (SAS Institute, Inc., Cary, NC, USA). Continuous variables were
presented as mean± standard deviation (SD) or median (interquar-
tile range) if highly skewed, and categorical variables were sum-
marised as counts (percentages). Normality was tested using the
Shapiro–Wilk test. Analysis of variance, the Wilcoxon rank-sum
test, or the Kruskal–Wallis test (whether data were normally dis-
tributed or not) was used to compare continuous variables, and the
Chi-square or Fisher exact test was used to compare categorical vari-
ables between the different subgroups described above. P-values <0.05
were considered statistically significant. Median follow-up time was
calculated using the Kaplan–Meier reverse method.14 Kaplan–Meier
survival analysis using the log-rank test was performed to compare
patient subgroups for the following outcomes: cardiac decompen-
sation, heart transplantation, or death. A Cox proportional haz-
ards model was also performed to assess the effect of treatment
in populations matched for potential confounding factors. Propen-
sity scores were constructed using logistic regression modelling
with observed treatment groups as the outcome.15 The propen-
sity score included age at inclusion, NT-proBNP level and amyloi-
dosis type (ATTRwt vs. ATTRv). In the matched analysis using this
propensity score, we included 48 cases, each matched with two
controls (48 cases vs. 96 controls), and 23 cases, each matched

© 2020 European Society of Cardiology
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with one control (23 cases vs. 23 controls). Estimated glomeru-
lar filtration rate (eGFR) was calculated according to the following
formula:

186 ∗
((

Creatinineμmol∕L
∗ 0.0113

)−1.154
)

∗
(
Age at Inclusion−0.203) ∗ (1.21 if African person ∗)

∗ (0.742 if woman)

Ethnic groups were classified as ‘African’ for people with sub-Saharan
African or Afro-Caribbean origin, or ‘non-African’ for people with
North-African, South-American, Asian, or Caucasian (including Por-
tuguese) origin.

Results
From June 2008 to November 2018, 648 patients with ATTR amy-
loidosis were enrolled, including 423 patients (65%) with ATTRwt
and 225 (35%) with ATTRv. In the ATTRv group, 47 patients car-
ried the ATTRV30M mutation, 117 carried the ATTRV122I muta-
tion and 61 harboured another mutation (online supplementary
Table S1). This patient cohort was predominantly male (81%) with
a mean± SD age of 76±11 years and NYHA class I or II in 57% of
cases (online supplementary Table S2).

Baseline genotype and phenotype
characteristics
Online supplementary Table S2 presents the baseline char-
acteristics of the overall population and compares patients
with ATTRwt to those with ATTRv and patients with pure
neuropathic ATTRv to those with pure cardiomyopathic or
mixed cardio-neuropathic ATTRv. Patient age, age at symptom
onset, gender, cardiovascular risk factors and clinical labo-
ratory variables differed significantly between these patient
subgroups (online supplementary Table S2). There were signifi-
cantly (P< 0.0001) more men in the ATTRwt group (n = 370;
87%) than in the ATTRv group (n = 154; 68%). Mean age at
inclusion, body mass index, risk factors, median NT-proBNP
and the proportion of patients with NT-proBNP ≥600 pg/mL
and high-sensitivity cardiac troponin were all significantly higher
in the ATTRwt group than in the ATTRv group (P< 0.05).
eGFR was significantly higher (P< 0.0001) in the ATTRv group
(70.85± 32.13 mL/min/1.73 m2) than in the ATTRwt group
(59.09±19.95 mL/min/1.73 m2).

The clinical phenotype of ATTRv patients was more frequently
pure cardiopathic or mixed cardio-neuropathic (92%) than pure
neuropathic (8%). Neuropathic ATTRv patients were younger than
cardiomyopathic or cardio-neuropathic ATTRv patients (P< 0.001)
and had a lower NYHA class (93% vs. 56% of NYHA class I–II;
P< 0.0053) (online supplementary Table S2). Baseline NYHA
characteristics in patient subgroups are reported in online sup-
plementary Table S3. With respect to disease history, pure car-
diomyopathic and mixed cardio-neuropathic ATTRv patients more
frequently presented symptoms of carpal tunnel syndrome than
neuropathic ATTRv patients (P = 0.0021). ..
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.. Median major cardiovascular
outcome-free survival time by genotype
category
Median MCO-free survival time (cardiac decompensation, heart
transplantation, or death) was assessed for all 648 patients,
although the extent of follow-up varied between patient subgroups.
Median follow-up in the entire cohort was 629 days (Q1–Q3:
187–1357). Median MCO-free survival time was 799 days
(722–1025) in ATTRwt and 949 days (632–1215) in ATTRv
with pure cardiomyopathic or mixed cardio-neuropathic profile.
Patients with ATTRwt had a lower median MCO-free survival time
than patients with ATTRv, whatever their clinical presentation
(cardiomyopathic, mixed cardio-neuropathic, or neuropathic for
all three outcomes) (log-rank P< 0.0030) (Figure 2). As expected,
median MCO-free survival time decreased with increasing NYHA
class (log-rank P< 0.001; online supplementary Figure S1).

Baseline characteristics stratified
by ATTR-ACT criteria
Table 1 compares baseline characteristics of patients with respect
to the ATTR-ACT inclusion criteria and baseline characteristics in
ATTR-ACT trial participants. Of the 648 included patients with
cardiac amyloidosis, 467 (72%) fulfilled the inclusion criteria for
the ATTR-ACT trial (Table 1 and graphical abstract) and 23 of them
had actually been included in ATTR-ACT. Of these 23 patients,
one patient received tafamidis 20 mg, 17 received tafamidis 80 mg,
4 received placebo, and one was screened and randomised but
refused finally to participate in the trial for personal reasons.

A total of 45 patients had NYHA class IV to be included in
ATTR-ACT, whereas 70 patients presented too low NYHA class
and NT-proBNP levels to be included.

Median major cardiovascular
outcome-free survival time categorised
by ATTR-ACT inclusion criteria
The median time to occurrence of a MCO followed a gradient
across ATTR-ACT eligibility categories, which was inversely cor-
related to disease severity (log-rank P< 0.001) (online supplemen-
tary Figure S2). In patients who had too severe disease for inclusion
in ATTR-ACT, the median survival time was 544 days, in patients
meeting the inclusion criteria it was 772 days, and in those who had
too mild disease for inclusion it was 2513 days (online supplemen-
tary Figure S2).

Baseline characteristics stratified
by tafamidis treatment
Table 2 compares the baseline characteristics of patients receiving
or not tafamidis treatment according to ATTR phenotype. Overall,
113 (17%) patients were treated with tafamidis, of whom 17 had
ATTRwt and 96 ATTRv (15 neuropathic and 81 cardiomyopathic or
mixed cardio-neuropathic). All treated patients received tafamidis

© 2020 European Society of Cardiology
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Figure 2 Kaplan–Meier time-to-event analysis in 648 patients with transthyretin amyloidosis. (A) Time to death, heart transplant or cardiac
decompensation; (B) time to death or heart transplant; (C) time to cardiac decompensation. Patients are stratified by genotype [hereditary
transthyretin amyloidosis (ATTRv) with neuropathy, ATTRv pure cardiomyopathic, or mixed cardio-neuropathic, and wild-type transthyretin
amyloidosis (ATTRwt)]. Observations with invalid time, censoring, or missing strata assignment were deleted.

at the dose of 20 mg daily, except 17 patients who were included
in the ATTR-ACT trial and received an 80 mg dose.

In patients with ATTR cardiac amyloidosis treated with tafamidis,
most were ATTRv (83%). Patients with ATTR cardiac amyloido-
sis treated with tafamidis (n = 98) were younger (69±10 vs.
78± 9 years) and were more frequently carriers of the ATTRV30M ..

..
..

..
..

..
..

..
.. mutation (35% vs. 3.2%) than untreated patients (n = 532). Hyper-

tension was significantly more frequent in ATTR cardiac amyloido-
sis patients not receiving tafamidis (P = 0.0002). Compared with
untreated patients, those treated with tafamidis also had lower
NT-proBNP and troponin levels and higher eGFR at baseline and
more implantable cardioverter-defibrillator implants (35%).
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Transthyretin cardiac amyloidosis and tafamidis impact on outcome 269

Table 1 Baseline characteristics of the study population and comparison with the subjects enrolled in the ATTR-ACT
trial based on inclusion criteria for ATTR-ACT

Missing
data
(n = 66)

ATTR-ACT
(treated
group)9

(n = 264)

ATTR
included in
ATTR-ACTa

(n = 23)

ATTR matching
inclusion
criteria for
ATTR-ACT
n = 444)

ATTR too
severe for
inclusion in
ATTR-ACT
(n = 45)

ATTR too
mild for
inclusion in
ATTR-ACT
(n = 70)

P-valueb

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Clinical characteristics
Age at inclusion, years 0 74 ± 7 77± 4 78± 8 81± 7 63±15 <0.0001

Age at first symptoms, years 93 NA 73± 7 74± 9 77± 8 62±13 <0.0001

Age at diagnosis, years 3 77± 5 78± 8 81± 7 61±17 <0.0001

Male sex 0 241 (91) 20 (87) 361 (81) 38 (84) 54 (77) 0.6661

BMI, kg/m2 47 NA 25± 4 25± 4 25± 3 25± 3 0.9959
ATTRV30M (% of ATTRv) 0 0 8 (5.8) 1 (7.1) 30 (59) <0.0001

ATTRV122I (% of ATTRv) 0 106 (24) (overall
randomised
population)
(ATTRV122I+
ATTRT60A+
ATTRI68L)

6 (86) 87 (67) 11 (79) 7 (14) 0.1486

ATTRv 0 63 (24) 7 (30) 130 (29) 14 (30) 51 (73)
ATTRwt 201(76) 16 (70) 314 (71) 31 (69) 19 (27) <0.0001

Type of ATTRv
ATTRv pure cardiomyopathic, or

mixed cardio-neuropathic
329 NA 7 (100) 129 (99) 14 (100) 38 (74)

ATTRv with neuropathy NA 0 1 (0.7) 0 13 (25) <0.0001

CV characteristics
NYHA class

I 39 24 (9.1) 0 49 (11) 0 28 (42) <0.0001

II 162 (61) 7 (32) 198 (48) 0 23 (35)
III 78 (29) 12 (54) 163 (40) 0 15 (23)
IV NA 3 (14) 0 45 (100) 0

Heart rate, bpm 5 71±12 72. ±11 77±14 82±16 75±14 0.0213
Systolic blood pressure, mmHg 26 127± 21 127± 21 121±18 130±19 119±18 0.0560
Diastolic blood pressure, mmHg 26 70±10 71±11 75±12 76±11 77±10 0.1560
Atrial fibrillation 62 NA 7 (33) 148 (37) 23 (55) 5 (8.9) <0.0001

Pacemaker 0 13 (4.9) 12 (52) 152 (34) 18 (40) 21 (30) 0.2248
ICD 0 16 (6.1) 11 (48) 94 (21) 12 (27) 7 (10) 0.0013
History
Carpal tunnel surgery or

symptoms
0 NA 17 (74) 304 (68) 30 (67) 42 (60) 0.4879

Canal lumbar stenosis surgery 81 NA 1 (5.00) 33 (8.6) 3 (7.3) 5 (8.5) 0.9407
Deafness 26 NA 11 (48) 192 (45) 18 (42) 23 (35) 0.4332
CV risk factors
Diabetes 0 20 (7.6) 4 (17) 76 (17) 7 (16) 7 (10) 0.5126
Dyslipidaemia 0 NA 10 (43) 148 (33) 16 (36) 15 (21) 0.1381

Hypertension 0 145 (55) 15 (65) 257 (58) 24 (53) 21 (30) 0.0002
Biology
NT-proBNP, pg/mL 41 2996 (1751–4861) 4278 (2192–9925) 3251 (1853–6420) 6292 (2763–14 970) 216 (68–404) <0.0001

NT-proBNP≥600, pg/mLc 41 NA 19 (100) 410 (99) 41 (100) 2 (2.9) <0.0001

NT-proBNP–eGFR stagingd

Stage I 147 NA 3 (21) 151 (45) 8 (31) 61 (97) <0.0001

Stage II NA 5 (36) 115 (35) 11 (42) 2 (3.2)
Stage III NA 6 (43) 66 (20) 7 (27) 0

Hs troponin T, ng/mL 107 0.14 (0.09–0.20) 105 (67–131) 70 (47–104) 101 (75–158) 19 (6–40) <0.0001

Haemoglobin, g/dL 43 NA 13.22± 2.04 13.01±1.72 13.12±1.44 13.84±1.42 0.0036
Creatinine, μmol/L 10 58.8±17.9 151.19± 87.68 124.28± 57.39 145.18± 48.91 83.43± 23.32 <0.0001

eGFR, mL/min/1.73 m2 119 NA 50.61±19.94 60.81± 22.98 48.61±13.60 90.57± 31.24 <0.0001

Echocardiography
characteristics

LVEF, % 24 48±10 42±12 47±12 43±13 60± 9 <0.0001

IVST, mm 11 17± 4 20± 4 18± 3 19± 4 13± 4 <0.0001

GLS, % 45 9± 3 8± 2 10± 3 8± 3 16± 4 <0.0001

Tafamidis treatment 0 264 (100) 19 (83) 38 (8.6) 6 (13) 40 (57) <0.0001

Values are given as n (%), mean ± standard deviation, or median (interquartile range).
ATTR, transthyretin amyloidosis; ATTRv, hereditary transthyretin amiloidosis; ATTRwt, wild-type transthyretin amiloidosis; BMI, body mass index; CV, cardiovascular; eGFR, estimated glomerular filtration
rate; GLS, global longitudinal strain; Hs, high-sensitivity; ICD, implantable cardioverter-defibrillator; IVST, interventricular septum thickness; LVEDD, left ventricular end-diastolic diameter; LVEF, left
ventricular ejection fraction; LVESD, left ventricular end-systolic diameter; NA, not available; NT-proBNP, N-terminal pro-B-type natriuretic peptide; NYHA, New York Heart Association.
aATTR patients included both in the cohort study and ATTR-ACT.
bComparison test between ATTR with inclusion criteria for ATTR-ACT, ATTR too severe for inclusion in ATTR-ACT and ATTR too mild for inclusion in ATTR-ACT.
cATTR-ACT trial cut-off value for inclusion.
dFollowing Gillmore et al..7 , Stage I was defined as NT-proBNP<3000 ng/L and eGFR>45 mL/min, Stage III was defined as NT-proBNP>3000 ng/L and eGFR<45 mL/min, and the remainder were Stage
II.
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270 M. Bézard et al.

Table 2 Baseline characteristics of patients treated or not with tafamidis

Missing
data

ATTRv with
neuropathy
treated with
tafamidis
(n = 15)

ATTR cardiac amyloidosis
treated with tafamidis
(ATTRwt+ATTRv
pure cardiomyopathic,
or mixed cardio-
neuropathic) (n = 98)

ATTR cardiac amyloidosis
not treated with tafamidis
(ATTRwt+ATTRv pure
cardiomyopathic, or
mixed cardio-
neuropathic) (n = 533)

P-value
(ATTR cardiac
amyloidosis
vs. not treated)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Clinical characteristics
Age at inclusion, years 0 44 ±14 69 ±10 78 ± 9 <0.0001

Age at first symptoms, years 119 45 ±10 66 ±10 75 ± 8 <0.0001

Age at diagnosis, years 8 40 ±15 67 ±12 78 ± 9 <0.0001

Male sex 0 7 (47) 73 (74) 443 (83) 0.0380
BMI, kg/m2 64 23 ± 3 24 ± 4 25 ± 4 0.0108
ATTRV30M (% of ATTRv) 0 14 (93.33) 28 (35) 4 (3.2) <0.0001

ATTRV122I (% of ATTRv) 0 0 15 (18) 102 (80) 0.4110
ATTRv 0 15 (100) 81 (83) 127 (24)
ATTRwt 0 17 (17) 406 (76) <0.0001

CV characteristics
NYHA class

I–II 54 12 (92) 52 (56) 271 (56) 0.8929
III–IV 1 (7.7) 40 (43) 215 (44)

NYHA class I vs. 54 11 (85) 18 (20) 53 (11)
II vs. 1 (7.7) 34 (37) 218 (45) 0.1187
III vs. 1 (7.7) 32 (35) 175 (36)
IV 0 8 (8.7) 40 (8.2)

Heart rate, bpm 14 78 ±17 73 ±13 77 ±14 0.0172
Systolic blood pressure, mmHg 38 122 ±16 127 ± 22 126 ± 21 0.8990
Diastolic blood pressure, mmHg 38 77 ±10 75 ±13 75 ±12 0.7651

Atrial fibrillation 78 0 18 (23) 180 (38) 0.0102
Pacemaker 0 6 (40) 39 (40) 172 (32) 0.1502
ICD 0 0 34 (35) 94 (18) 0.0001

History
Carpal tunnel surgery or symptoms 0 5 (33) 70 (71) 350 (66) 0.2765
Canal lumbar stenosis surgery 102 0 5 (6.1) 41 (9.1) 0.3691

Deafness 37 2 (13) 35 (36) 231 (46) 0.0707
CV risk factors
Diabetes 0 0 11 (11) 97 (18) 0.0907
Dyslipidaemia 0 1 (6.7) 24 (24) 187 (35) 0.0399
Hypertension 0 0 37 (38) 311 (58) 0.0002
Biology
NT-proBNP, pg/mL 68 43(25–190) 1961 (411–4041) 3207 (1739–6883) <0.0001

NT-proBNP≥600 pg/mLa 68 1 (8.33) 56 (66.67) 451 (93.76) <0.0001

NT-proBNP–eGFR stagingb

Stage I 185 12 (100) 46 (57) 177 (48) 0.0631

Stage II 0 26 (32) 113 (31)
Stage III 0 8 (10) 78 (21)

Hs troponin T, ng/mL 136 4.5 (3–5) 49 (19–79) 70 (47–110) <0.0001

Haemoglobin, g/dL 58 13 ± 2 13 ±1 13 ± 2 0.0371

Creatinine, μmol/L 20 77 ±16 111 ± 60 125 ± 56 0.0247
eGFR, mL/min/1.73 m2 143 91 ± 21 74 ± 35 61 ± 23 <0.0001

Echocardiography characteristics
LVEF, % 48 91 ± 21 51 ±13 48 ±13 0.0288
IVST, mm 34 11 ± 3 17 ± 4 18 ± 3 0.0288
GLS, % 69 17 ± 3 12 ± 5 10 ± 4 0.0011

Values are given as n (%), mean ± standard deviation, or median (interquartile range).
ATTR, transthyretin amyloidosis; ATTRv, hereditary transthyretin amiloidosis; ATTRwt, wild-type transthyretin amiloidosis; BMI, body mass index; CV, cardiovascular; eGFR, estimated glomerular filtration
rate; GLS, global longitudinal strain; Hs, high-sensitivity; ICD, implantable cardioverter-defibrillator; IVST, interventricular septum thickness; LVEDD, left ventricular end-diastolic diameter; LVEF, left
ventricular ejection fraction; LVESD, left ventricular end-systolic diameter; NT-proBNP, N-terminal pro-B-type natriuretic peptide; NYHA, New York Heart Association.
aATTR-ACT trial cut-off value for inclusion.
bFollowing Gillmore et al.7: Stage I was defined as NT-proBNP<3000 ng/L and eGFR>45 mL/min, Stage III was defined as NT-proBNP>3000 ng/L and eGFR<45 mL/min, and the remainder were Stage II.

Association between tafamidis
treatment and median major
cardiovascular outcome-free survival
time
In patients with ATTR cardiac amyloidosis, median MCO-free sur-
vival time was significantly shorter (log-rank P< 0.001) in patients ..

..
..

..
..

..
..

..
..

..
. not treated with tafamidis [771 (686–895) days] compared to

treated patients [1565 (1010–2400) days] (Figure 3 and graphi-
cal abstract). Kaplan–Meier analyses were also performed exclud-
ing the ATTRv neuropathic population with similar significant
results.

Results of propensity scores are consistent with findings in the
full multivariable model and suggest a positive impact of tafamidis
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Figure 3 Kaplan–Meier time-to-event analysis in 648 patients with transthyretin amyloidosis. (A) Time to death, heart transplant or cardiac
decompensation; (B) time to death or heart transplant; (C) time to cardiac decompensation. Patients are stratified by use of tafamidis.
Observations with invalid time, censoring, or missing strata assignment were deleted. ATTRv, hereditary transthyretin amyloidosis; ATTRwt,
wild-type transthyretin amyloidosis.

treatment on MCO (hazard ratio 0.546; P = 0.0132) (online
supplementary Figure S3).

Discussion
Tafamidis treatment has become available in France since 2012
for patients with pure neuropathic forms of ATTRv and since
November 2018 for all types of ATTR after the publication ..

..
..

..
..

..
..

..
..

..
..

.. of the Phase III ATTR-ACT trial results. Our study focuses on
patients treated with tafamidis before October 2018. Patients
who received tafamidis were mainly ATTRv and were younger
than untreated patients, who were predominantly ATTRwt.
Tafamidis treatment was associated with a longer median sur-
vival without MCO in patients with ATTR cardiac amyloidosis,
confirmed by a calculated propensity score which estimated the
treatment effect. Our study confirms the beneficial effects of
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272 M. Bézard et al.

tafamidis in a cohort that combines different genotypes and phe-
notypes of ATTR amyloidosis. In this real-life cohort study, more
than two thirds of patients fulfilled the inclusion criteria of the
ATTR-ACT trial.

Representativity of the French referral
cohort compared to previous
international cohorts
As shown in online supplementary Table S2, our cohort was
comparable to previously reported cohorts from England7 or
Italy,16 as well as to the large TRACS cohort designed to assess the
natural history of cardiac ATTR amyloidosis progression.17 Baseline
characteristics were similar in terms of patient age, sex ratio, eGFR,
and NT-proBNP levels.

Compared to the THAOS cohort,3 our study population
showed a much higher ratio of ATTRwt compared to ATTRv
(423/225 vs. 125/1286) and, therefore, was older with a higher
proportion of male patients. This peculiarity is due to the fact that
the THAOS investigators are mostly neurologists.3 However, our
cohort was close to the THAOS cohort studied by Maurer et al. in
US patients,18 in which over half of the patients were ATTRwt, with
most being men (85%) and having a mean age of 70 years.6,19 As
previously reported by Givens et al.,20 ATTRwt patients are older
than ATTRv patients. In our cohort, the two main mutations caus-
ing ATTRv were Val30Met and Val122Il (the latter found in patients
of African origin).

The ATTR-ACT trial was a multicentre, international,
double-blind, placebo-controlled, Phase III trial8 in which 441

patients with ATTR were randomly allocated in a 2:1:2 ratio
to receive tafamidis 80 mg, tafamidis 20 mg, or placebo for
30 months. In this trial, tafamidis was demonstrated to reduce
all-cause mortality and cardiovascular-related hospitalisations
in patients with ATTR amyloidosis, and to slow the decline in
functional capacity and quality of life compared to placebo.8 In our
study, patients matching the inclusion criteria of ATTR-ACT (based
on NT-proBNP level and NYHA class) represented 72% (n = 467)
of the ATTR population, which supports the representativeness
of the ATTR-ACT cohort in a real-life setting (graphical abstract).
This is in line with the results published by Canepa et al.,21 who
presented a real-life Italian cohort that closely resembles that
enrolled in ATTR-ACT.

The major difference between our cohort and that of
ATTR-ACT was the higher proportion of cardiomyopathic or
mixed cardio-neuropathic ATTRv patients here compared to the
proportion of ATTRv presented in the ATTR-ACT trial.

Impact of transthyretin amyloidosis
genotype and phenotype
Transthyretin amyloidosis is a severe systemic disease with a
high mortality rate.22 The impact of ATTR amyloidosis genotype
and phenotype on median MCO-free survival time was in line
with the data from the THAOS registry based on 1411 ATTR
amyloidosis patients.3 Patients with ATTRwt had a shorter median ..
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.. MCO-free survival time than ATTRv patients (Figure 2). ATTRv
patients with pure cardiomyopathic or mixed cardio-neuropathic
phenotype presented a shorter median MCO-free survival time
than did patients with pure neuropathic profile (Figure 2). Survival
time was also affected by NYHA class.

Association between tafamidis
treatment and median major
cardiovascular outcome-free survival
time
Transthyretin cardiac amyloidosis is a progressive disorder, often
undiagnosed until symptoms of heart failure become apparent,
leading to ventricular wall thickening and advanced diastolic
dysfunction.5 In the largest and most recent databases of ATTR car-
diac amyloidosis, median survival time from diagnosis usually ranges
between 25 and 41 months, with longer survival in patients with
ATTRwt.20,23,24 In the present prospective cohort study, median
survival time for this outcome in ATTR cardiac amyloidosis patients
treated with tafamidis was 1565 days (approximately 52 months)
vs. 771 days (approximately 26 months) for those not treated with
tafamidis (log-rank P< 0.0001) (graphical abstract). These results
are consistent with those reported by Rosenblum et al.5 in a ret-
rospective study of 120 patients with ATTR amyloidosis, of whom
29 received tafamidis treatment and 91 did not. In this previous
study, median survival time in patients taking TTR stabilisers was
65 vs. 26 months in patients not taking such drugs. The primary sur-
vival outcome in this study was a combined outcome of all-cause
mortality or orthotopic heart transplant, which was considered as
a ‘death equivalent’ since patients who underwent transplantation
would otherwise have died.5

Our study confirms the positive impact of tafamidis treatment
that was observed in the ATTR-ACT trial. Tafamidis treatment was
associated with a longer median survival time without a MCO,
notably in ATTRv patients (graphical abstract). Moreover, despite
the minimal proportion of ATTRwt patients treated with tafamidis
(n = 17), we suggested here that this benefit can also be observed
also for patients with ATTRv cardiac amyloidosis with and without
neuropathy whatever the origin.

Study limitations
This study has several limitations. Firstly, this is an observational
study and not a randomised controlled trial, so that cause and
effect relationships between tafamidis treatment and outcome can-
not be inferred. Secondly, patients were treated with tafamidis
if they corresponded to the approved indication at the time of
inclusion, and this accounts for the differences in baseline charac-
teristics between patients who received tafamidis and those who
did not. Before the temporary recommendation for use, ATTRv
patients with a neuropathic profile were more likely to receive
treatment than those with a cardiomyopathic profile (including
ATTRwt patients). For this reason, the treated population was
younger than the untreated population. However, the propensity
score used to estimate the treatment effect, which adjusted to
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Transthyretin cardiac amyloidosis and tafamidis impact on outcome 273

take into account possible confounding by amyloidosis type and
age, limits this bias. The sample size of the population receiv-
ing tafamidis treatment limited the number of variables included
in propensity score analysis and its accuracy. To our knowledge,
this is to date the largest real-life cohort of patients with car-
diac amyloidosis treated with tafamidis. Another limit of our
study is the non-exhaustive neurological data recording in our
database of patients treated with tafamidis considering its indi-
cation before November 2018. Therefore, we were not able to
provide a neurologic consultation to all ATTR patients due to the
number of patients referred to our cardiology referral centre, and
for this reason we were not able to compare patients treated
with tafamidis with untreated patients regarding neurological
examination.

Conclusion
This study of a large real-life cohort of patients with ATTR
amyloidosis seems to support the beneficial clinical impact of
tafamidis shown in the ATTR-ACT trial and its representativeness.
Future studies or registries will continue to document the impact
of tafamidis in real life.

Supplementary Information
Additional supporting information may be found online in the
Supporting Information section at the end of the article.
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