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BACKGROUND Transthyretin amyloid cardiomyopathy (ATTR-CM) is a progressive, fatal disorder resulting from

mutations in the transthyretin gene (ATTRv) or the deposition of denatured wild-type transthyretin (ATTRwt).

OBJECTIVES Tafamidis is an effective treatment for ATTR-CM, this study aimed to determine whether there is a

differential effect between ATTRv and ATTRwt.

METHODS In pre-specified analyses from ATTR-ACT (Tafamidis in Transthyretin Cardiomyopathy Clinical Trial), baseline

characteristics, all-cause mortality, and change from baseline to month 30 in 6-min walk test distance and Kansas City

Cardiomyopathy Questionnaire Overall Summary score were compared in patients with ATTRwt and ATTRv.

RESULTS There were 335 patients with ATTRwt (201 tafamidis, 134 placebo) and 106 with ATTRv (63 tafamidis, 43

placebo) enrolled in ATTR-ACT. Patients with ATTRwt (vs. ATTRv) had less advanced disease at baseline and a lower rate

of disease progression over the study. The reduction in all-cause mortality with tafamidis compared with placebo was not

different between ATTRwt (hazard ratio: 0.706 [95% confidence interval (CI): 0.474 to 1.052]; p ¼ 0.0875) and ATTRv

(hazard ratio: 0.690 [95% CI: 0.408 to 1.167]; p ¼ 0.1667). Tafamidis was associated with a similar reduction (vs.

placebo) in the decline in 6-min walk test distance in ATTRwt (mean � SE difference from placebo, 77.14 � 10.78;

p < 0.0001) and ATTRv (79.61 � 29.83 m; p ¼ 0.008); and Kansas City Cardiomyopathy Questionnaire Overall Summary

score in ATTRwt (12.72 � 2.10; p < 0.0001) and ATTRv (18.18 � 7.75; p ¼ 0.019).

CONCLUSIONS Pre-specified analyses from ATTR-ACT confirm the poor prognosis of untreated ATTRv-related

cardiomyopathy compared with ATTRwt, but show the reduction in mortality and functional decline with tafamidis

treatment is similar in both disease subtypes. (Safety and Efficacy of Tafamidis in Patients With Transthyretin Cardio-

myopathy [ATTR-ACT]; NCT01994889) (J Am Coll Cardiol HF 2020;-:-–-) © 2020 The Authors. Published by Elsevier

on behalf of the American College of Cardiology Foundation. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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ABBR EV I A T I ON S

AND ACRONYMS

6MWT = 6-min walk test

ATTR-CM = transthyretin

amyloid cardiomyopathy

ATTRv = variant transthyretin

amyloidosis

ATTRwt = wild-type

transthyretin amyloidosis

CI = confidence interval

KCCQ-OS = Kansas City

Cardiomyopathy Questionnaire

Overall Summary

NT-proBNP = N-terminal pro–

B-type natriuretic peptide

NYHA = New York Heart

Association

TTR = transthyretin
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T ransthyretin amyloid cardiomyopa-
thy (ATTR-CM), is an underdiag-
nosed, fatal disease caused by the

misfolding and deposition of transthyretin
amyloid fibrils in the heart leading to heart
failure (1,2). ATTR-CM can be heritable
due to mutations in the transthyretin (TTR)
gene (ATTRv), or can occur secondary to
deposition of nonmutated (wild-type) trans-
thyretin protein (ATTRwt) (1,2). More than
130 point mutations in the TTR gene have
been identified, some of which are associated
with a predominant cardiac phenotype
including Val122Ile (3–5), Thr60Ala (6,7),
and Ile68Leu (8).

Tafamidis is a selective transthyretin sta-
bilizer that prevents tetramer dissociation
and amyloidogenesis (9). Tafamidis was
shown to be an effective treatment for patients with
ATTR-CM in the international, double-blind, placebo-
controlled, randomized ATTR-ACT (Tafamidis in
Transthyretin Cardiomyopathy Clinical Trial) (10,11).
ATTR-ACT was the first large clinical trial in ATTR-
CM, and included both patients with ATTRwt and
patients with ATTRv. Although the clinical presenta-
tion of ATTRwt and ATTRv patients with a predomi-
nant cardiac phenotype are quite similar, differences
in their natural history are reported (7,12–15). For
example, ATTRwt is predominantly diagnosed in
older Caucasian men, whereas clinical presentation in
ATTRv patients occurs with a more even distribution
in age, sex, and geography (7). Notably, survival in
ATTRv patients with the Val122Ile mutation is worse
than in patients with ATTRwt (12,14–16), potentially
due to biologic as well as societal differences between
these demographically distinct patient populations
(13,17). In contrast, Caucasian Ile68Leu patients have
an age-adjusted survival similar to patients with
ATTRwt (18).

In this analysis, we report pre-specified and post
hoc analyses of data from ATTR-ACT, with the aim of
comparing the effect of TTR stabilization in patients
with ATTRwt and ATTRv. Pre-specified analyses
included the effect of tafamidis on all-cause mortal-
ity, all-cause hospitalizations, functional capacity,
and health status and quality of life by genotype. The
effect of treatment on N-terminal pro–B-type natri-
uretic peptide (NT-proBNP) by genotype was also
assessed. Finally, we characterized the natural pro-
gression of ATTRwt and ATTRv by assessing baseline
characteristics and their change over the duration of
the study in those treated with placebo.
METHODS

STUDY DESIGN. Data are from ATTR-ACT, a phase III
multicenter, international, 3-arm, parallel design,
placebo-controlled, double-blind, randomized study,
which has been described previously (NCT01994889)
(10,11). Briefly, the study enrolled adult patients with:
ATTR-CM, due to either ATTRv or ATTRwt; at least 1
prior hospitalization due to heart failure or clinical
evidence of heart failure without hospitalization
(volume overload or elevated intracardiac pressures)
requiring treatment with a diuretic; end-diastolic
intraventricular septal wall thickness >12 mm
demonstrated by echocardiography; and 6-min walk
test (6MWT) distance of >100 m. Patients were
excluded if they were in New York Heart Association
(NYHA) functional class IV or had prior tafamidis
treatment, modified body mass index <600 kg/m2�g/l
(serum concentration of albumin multiplied by body
mass index), an estimated glomerular filtration
rate <25 ml/min/1.73 m2, or prior liver or heart
transplantation. Patients were randomized to tafa-
midis 80 or 20 mg once daily or matching placebo in a
2:1:2 ratio for 30 months of treatment. Data from the 2
tafamidis doses were pooled for the primary analysis
and for this analysis. The primary outcome of ATTR-
ACT was a hierarchical assessment of all-cause mor-
tality followed by frequency of cardiovascular (CV)-
related hospitalizations over 30 months. Key sec-
ondary outcomes were change from baseline to
month 30 in 6MWT distance and Kansas City Car-
diomyopathy Questionnaire Overall Summary (KCCQ-
OS) score (ranging from 0 to 100, with lower scores
denoting poorer health status and quality of life).

In this analysis, pre-specified sensitivity and
exploratory analyses were: all-cause mortality and
frequency of all-cause hospitalization (as assessed by
the Finkelstein–Schoenfeld method [19]) for tafamidis
compared with placebo in all patients; all-cause
mortality by genotype (ATTRwt and ATTRv) and by
disease severity (as assessed by NYHA functional
class); and key secondary endpoints (6MWT and
KCCQ-OS) by genotype. Heart (or combined heart and
liver) transplantation or implantation of a cardiac
mechanical assist device were counted as death
equivalents for these analyses. The effect of tafamidis
on change from baseline in NT-proBNP was a pre-
specified exploratory outcome, and in this analysis
was a post hoc assessment stratified by genotype.

ATTR-ACT was approved by the independent re-
view boards or ethics committee at each participating
site and was conducted according to the provisions of

https://clinicaltrials.gov/ct2/show/NCT01994889


TABLE 1 Demographic and Clinical Characteristics at Baseline by Genotype

ATTRwt ATTRv

ATTRwt vs.
ATTRv p Value*

Tafamidis
(n ¼ 201)

Placebo
(n ¼ 134)

All
(n ¼ 335)

Tafamidis
(n ¼ 63)

Placebo
(n ¼ 43)

All
(n ¼ 106)

Age, yrs <0.0001

Mean � SD 75.5 � 6.7 74.9 � 6.0 75.2 � 6.4 71.6 � 8.0 71.4 � 8.1 71.5 � 8.0

Median (range) 75.0 (56–88) 75.0 (57–89) 75.0 (56–89) 74.0 (46–85) 73.0 (51–86) 73.0 (46–86)

Sex <0.0001

Male 194 (96.5) 128 (95.5) 322 (96.1) 47 (74.6) 29 (67.4) 76 (71.7)

Female 7 (3.5) 6 (4.5) 13 (3.9) 16 (25.4) 14 (32.6) 30 (28.3)

mBMI† 1,075.3 � 169.6 1,085.9 � 180.2 1,079.6 � 173.7 1,006.0 � 177.5 1,005.6 � 225.1 1,005.9 � 197.2 0.0003

Race <0.0001

White 183 (91.0) 124 (92.5) 307 (91.6) 28 (44.4) 22 (51.2) 50 (47.2)

Black 3 (1.5) 5 (3.7) 8 (2.4) 34 (54.0) 21 (48.8) 55 (51.9)

Asian 12 (6.0) 5 (3.7) 17 (5.1) 1 (1.6) 0 (0.0) 1 (0.9)

Other 3 (1.5) 0 (0.0) 3 (0.9) 0 (0.0) 0 (0.0) 0 (0.0)

NYHA functional class 0.0040

I 19 (9.5) 11 (8.2) 30 (9.0) 5 (7.9) 2 (4.7) 7 (6.6)

II 133 (66.2) 79 (59.0) 212 (63.3) 29 (46.0) 22 (51.2) 51 (48.1)

III 49 (24.4) 44 (32.8) 93 (27.8) 29 (46.0) 19 (44.2) 48 (45.3)

6MWT distance, m 367.3 � 112.2 366.7 � 126.2 367.1 � 117.8 297.1 � 134.0 311.2 � 117.1 302.8 � 127.0 <0.0001

KCCQ-OS score 69.5 � 20.3 65.1 � 21.3 67.7 � 20.8 60.2 � 23.1 68.4 � 23.1 63.5 � 23.3 0.0796

NT-proBNP, pg/ml 3,640.0 � 2,879.5 3,826.3 � 2,840.2 3,714.5 � 2,861.0 4,933.6 � 4,505.9 3,905.4 � 3,384.2 4,516.5 � 4,102.1 0.0631

Values are or mean� SD or n (%), unless otherwise indicated. KCCQ-OS score ranges from 0 to 100, with lower scores denoting poorer health status and quality of life. *The p values are for all
patients with ATTRwt compared with all patients with ATTRv, with values from 2-sample t-test for continuous variables and Fisher exact test for categorical variables. †The mBMI is calculated
as the serum albumin level in g/l multiplied by the conventional BMI (the weight in kilograms divided by the square of the height in meters).

6MWT ¼ 6-min walk test; ATTRv ¼ variant transthyretin amyloidosis; ATTRwt ¼ wild-type transthyretin amyloidosis; BMI ¼ body mass index; KCCQ-OS ¼ Kansas City Cardiomyopathy
Questionnaire Overall Summary; mBMI ¼ modified body mass index; NT-proBNP ¼ N-terminal pro-B-type natriuretic peptide; NYHA ¼ New York Heart Association.
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the Declaration of Helsinki and the International
Conference on Harmonisation Good Clinical Practice
guidelines. All patients provided written informed
consent.

STATISTICAL ANALYSES. The primary efficacy
outcome, the hierarchical assessment of all-cause
mortality followed by frequency of CV-related hos-
pitalizations, was assessed using the Finkelstein-
Schoenfeld method as described previously (11,19).
The win ratio (number of pairs of treated-patient
“wins” divided by number of pairs of placebo-
patient “wins”) was used to interpret the
Finkelstein-Schoenfeld result. All-cause mortality
was assessed by Cox proportional hazards model with
baseline NYHA functional classification as a factor. In
a post hoc analysis, all-cause mortality by genotype
was also assessed by stratified log-rank test (stratified
by NYHA functional classification). Genotype was also
included as a covariate in a separate Cox proportional
hazards model to assess its effect on time to all-cause
mortality. Frequency of CV-related hospitalization
and all-cause hospitalization was assessed using a
Poisson regression model. 6MWT distance, KCCQ-OS
score, and NT-proBNP were evaluated using a
mixed-model repeated-measures analysis of covari-
ance model with an unstructured covariance matrix;
center and patient-within-center as random effects;
treatment, visit, TTR genotype (ATTRwt and ATTRv),
and visit by treatment interaction as fixed effects; and
baseline value as covariate.

RESULTS

PATIENT CHARACTERISTICS BY GENOTYPE. There
were 335 ATTRwt (201 tafamidis, 134 placebo) and 106
ATTRv (63 tafamidis, 43 placebo) patients enrolled in
ATTR-ACT. Patients with ATTRwt were predomi-
nantly white men, whereas patients with ATTRv
tended to be slightly younger, with a larger propor-
tion of women and a higher proportion of Black pa-
tients (Table 1). The majority of patients with ATTRv
(57.5%) had the Val122Ile mutation, followed by
Ile68Leu and Thr60Ala (Table 2). Patients with
ATTRwt had less severe disease at baseline than pa-
tients with ATTRv. Specifically, fewer patients with
ATTRwt (27.8%) than ATTRv (45.3%) were NYHA



TABLE 2 Patient Genotypes

Genotype
Tafamidis
(n ¼ 264)

Placebo
(n ¼ 177)

All Patients
(n ¼ 441)

ATTRwt 201 134 335

ATTRv 63 43 106

Genotype

Val122Ile 38 (60.3) 23 (53.5) 61 (57.5)

Ile68Leu 9 (14.3) 4 (9.3) 13 (12.3)

Thr60Ala 6 (9.5) 6 (14.0) 12 (11.3)

Val30Met 3 (4.8) 6 (14.0) 9 (8.5)

Pro24Ser 2 (3.2) 1 (2.3) 3 (2.8)

Val20Ile 1 (1.6) 0 (0.0) 1 (0.9)

Asp18Glu 0 (0.0) 1 (2.3) 1 (0.9)

Glu89Gln 0 (0.0) 1 (2.3) 1 (0.9)

Glu89Lys 1 (1.6) 0 (0.0) 1 (0.9)

Glu54Leu 0 (0.0) 1 (2.3) 1 (0.9)

Phe33Leu 1 (1.6) 0 (0.0) 1 (0.9)

Phe44Tyr 1 (1.6) 0 (0.0) 1 (0.9)

Phe64Leu 1 (1.6) 0 (0.0) 1 (0.9)

Values are n or n (%).

Abbreviations as in Table 1.
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functional class III, with the difference in NYHA
functional class distribution being significant
(p ¼ 0.004). Patients with ATTRwt had a significantly
longer mean � SD 6MWT distance (367.1 � 117.8 vs.
302.8 � 127.0; p < 0.0001), whereas the numerically
higher KCCQ-OS score was not significant.

SURVIVAL WITH TREATMENT, AND IN UNTREATED

PATIENTS, BY GENOTYPE AND NYHA FUNCTIONAL

CLASS. In all patients, all-cause mortality and fre-
quency of all-cause hospitalization (assessed by
Finkelstein-Schoenfeld method) were lower with
tafamidis than placebo (win ratio 1.45 [95% confi-
dence interval (CI): 1.10 to 1.93]; p ¼ 0.0088). A Cox
proportional hazards model to test the main effects
for time to all-cause mortality in all patients showed
genotype to be a statistically significant predictor of
survival (Wald Chi-Square value ¼ 9.031; p ¼ 0.0027).
All-cause mortality and frequency of CV-related hos-
pitalization (assessed by Finkelstein-Schoenfeld
method) was lower with tafamidis, compared with
placebo, in patients with ATTRwt (win ratio 1.74
[95% CI: 1.26 to 2.41]; p ¼ 0.0009) and patients with
ATTRv (1.30 [95% CI: 0.79 to 2.14]; p ¼ 0.3001).

The reduction in all-cause mortality with tafamidis
compared with placebo was the same in patients with
ATTRwt (reduction in risk of death, 29.4%; hazard
ratio: 0.706 [95% CI: 0.474 to 1.052]; p ¼ 0.0875) and
ATTRv (31.0%; 0.690 [95% CI: 0.408 to 1.167];
p ¼ 0.1667) but the separation between tafamidis and
placebo was apparent approximately 6 months earlier
in patients with ATTRwt compared with ATTRv
(Central Illustration). These p values were comparable
when assessed by stratified log rank test (p ¼ 0.0832
for ATTRwt and p ¼ 0.1883 for ATTRv). Although the
reduction in all-cause mortality with tafamidis was
significant in all patients, the reduction was not sig-
nificant in either genotype subgroup alone.

The observed reduction in all-cause mortality with
tafamidis in patients with ATTRwt and patients with
ATTRv remained evident when only NYHA functional
class I and II patients, or only NYHA functional class
III patients, were considered, although this was only
significant for ATTRwt NYHA functional class I and II
patients (Table 3). In patients with ATTRwt and pa-
tients with ATTRv combined, the reduction in all-
cause mortality with tafamidis compared with pla-
cebo was more pronounced in patients with baseline
NYHA functional class I (hazard ratio: 0.356 [95% CI:
0.078 to 1.613]; p ¼ 0.1801) and NYHA functional class
II (hazard ratio: 0.604 [95% CI: 0.371 to 0.983)];
p ¼ 0.0423) than in those with baseline NYHA func-
tional class III (hazard ratio: 0.837 [95% CI: 0.541 to
1.295]; p ¼ 0.4253). The reduction in mortality was
only significant in NYHA functional class II patients.

Considering only those patients receiving placebo,
there were fewer deaths (or equivalent) in patients
with ATTRwt compared with ATTRv over the
30 months of ATTR-ACT (49 [36.6%] vs. 27 [62.8%])
(Central Illustration). This difference was evident both
in patients with baseline NYHA functional class I or II
(ATTRwt, 25 deaths [27.8%]; ATTRv 12 deaths
[50.0%]) and those with baseline NYHA functional
class III (ATTRwt, 24 deaths [54.5%]; ATTRv, 15
deaths [78.9%]).

HOSPITALIZATIONS WITH TREATMENT, AND IN UN-

TREATED PATIENTS, BY GENOTYPE. The reduction
in the frequency of CV-related hospitalizations with
tafamidis (compared with placebo) was more pro-
nounced in patients with ATTRwt (relative risk ratio:
0.607 [95% CI: 0.492 to 0.750]; p < 0.0001) than in
patients with ATTRv (relative risk ratio: 0.938
[95% CI: 0.656 to 1.342]; p ¼ 0.7256) (11).

For only those patients receiving placebo, the fre-
quency of CV-related hospitalizations per year
(95% CI) was greater in patients with ATTRv (relative
risk ratio: 0.812 [95% CI: 0.623 to 1.074]) than in pa-
tients with ATTRwt (relative risk ratio: 0.671 [95% CI:
0.579 to 0.778]).



CENTRAL ILLUSTRATION All-Cause Mortality With Tafamidis and Placebo in Patients With
Wild-Type and With Variant Transthyretin Amyloidosis

ATTRwt hazard ratio, 0.706 (95% CI: 0.474 to 1.052); p = 0.0875
ATTRv hazard ratio, 0.690 (95% CI: 0.408 to 1.167); p = 0.1667

Months from First Dose
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1.0

0.8

0.6

0.4

0.2

0.0
0 3 6 9 12 15 18 21 24 27 30 33

Su
rv

iv
al

 P
ro

ba
bi

lit
y

63 60 55 51 48 43 42 40 37 35 19 0
0 3 8 12 15 20 21 23 26 28 29 29
43 41 40 36 35 29 28 26 21 19 11 0
0 2 3 7 8 14 15 17 22 24 27 27

201 197 187 174 163 80 0199 193 179 169 158
14 22 27 32 38 43 49 490 2 4 8

134 131 126 113 97 94 40 0132 127 121 105
0 2 3 7 8 13 21 29 37 40 48 49

ATTRv, Tafamidis

ATTRv, Placebo

ATTRwt, Tafamidis

ATTRwt, Placebo

Rapezzi, C. et al. J Am Coll Cardiol HF. 2020;-(-):-–-.

Patients who discontinued due to heart or combined heart and liver transplantation, or due to implantation of a cardiac mechanical assist

device, were counted as death for this analysis. CI ¼ confidence interval.

TABLE 3 Relative Risk Reduction (95% CI) in All-Cause Mortality at Month 30 With

Tafamidis by NYHA Functional Class in ATTRwt and ATTRv

ATTRwt ATTRv

All patients

n 335 106

HR (95% CI) 0.706 (0.474–1.052) 0.690 (0.408–1.167)

Reduction in risk of death, % 29.4 31.0

NYHA functional class I/II

n 242 58

HR (95% CI) 0.566 (0.325–0.986)* 0.584 (0.252–1.354)

Reduction in risk of death, % 43.4 41.6

NYHA functional class III

n 93 48

HR (95% CI) 0.884 (0.501–1.558) 0.795 (0.403–1.567)

Reduction in risk of death, % 11.6 20.5

*p ¼ 0.0445.

CI ¼ confidence interval; HR ¼ hazard ratio; other abbreviations as in Table 1.
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FUNCTIONAL OUTCOMES WITH TREATMENT, AND IN

UNTREATED PATIENTS, BY GENOTYPE. Tafamidis
reduced the decline in 6MWT distance from baseline
to month 30 in ATTRwt (least-squares mean differ-
ence from placebo: 77.14 m [95% CI: 55.98 to 98.29
m]; p < 0.0001) and ATTRv (79.61 m [95% CI: 21.08 to
138.13 m]; p ¼ 0.0077), and the decline in KCCQ-OS
score in ATTRwt (12.72 [95% CI: 8.60 to 16.85];
p < 0.0001) and ATTRv (18.18 [95% CI: 2.97 to 33.38];
p ¼ 0.0192). The difference between tafamidis and
placebo was evident within the first 12 months of
treatment for both 6MWT distance (Figure 1) and
KCCQ-OS score (Figure 2). Tafamidis also reduced the
increase in mean levels of NT-proBNP from baseline,
compared with placebo, in patients with ATTRwt and
patients with ATTRv (Figure 3).

In only those patients receiving placebo, the
change in 6MWT distance from baseline to month 30



FIGURE 1 LS Mean Change in 6MWT Over 30 Months’ Treatment With Tafamidis and

Placebo in Patients With ATTRwt and With ATTRv
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(A) Numbers of ATTRwt patients at each time point for tafamidis and placebo, respec-

tively, were: baseline, 201 and 134; month 6, 186 and 118; month 12, 175 and 110; month

18, 159 and 93; month 24, 137 and 73; and month 30, 131 and 62. (B) Numbers of ATTRv

patients at each time point for tafamidis and placebo, respectively, were: baseline, 63

and 43; month 6, 47 and 29; month 12, 41 and 26; month 18, 34 and 18; month 24, 26

and 18; and month 30, 24 and 8. 6MWT ¼ 6-min walk test; ATTRv ¼ variant trans-

thyretin amyloidosis; ATTRwt ¼ wild-type transthyretin amyloidosis; LS ¼ least-squares.
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was lower in patients with ATTRwt (least-squares
mean � SE: �120.8 � 12.2) than ATTRv (�159.9 �
26.2), as was that in KCCQ-OS score (ATTRwt, �18.3 �
2.0; ATTRv, �27.4 � 6.2).

DISCUSSION

ATTR-ACT represents one of the largest collections of
follow-up data in both wild-type and hereditary
ATTR-CM patients. Importantly, the size of ATTR-
ACT permitted the comparison of patient character-
istics and disease progression by genotype. In
pre-specified analyses of ATTR-ACT, we confirm the
poor prognosis of untreated patients with ATTRv-
related cardiomyopathy compared with that of pa-
tients with ATTRwt, but show that the reduction in
mortality and functional decline with tafamidis
treatment, as measured by 6MWT and KCCQ-OS, is
similar in both disease subtypes.

PROGNOSIS IN ATTRwt AND ATTRv. Prior smaller
studies have suggested that patients with the
Val122Ile mutation may present with more severe
disease and have worse outcomes than patients with
ATTRwt (12–15,17). Consistent with these prior
studies, in ATTR-ACT almost one-half of patients
with ATTRv (the majority of whom were Val122Ile)
were NYHA functional class III, compared with
approximately one-quarter of patients with ATTRwt.
Patients with ATTRv also had worse 6MWT distance
and KCCQ-OS scores, and more signs of advanced
disease by echocardiography. Furthermore, in pa-
tients treated with placebo, there was greater pro-
gression of disease over the course of the study, as
assessed by mortality, functional capacity, and health
status and quality of life in patients with ATTRv.

The greater clinical severity of patients with ATTRv
at presentation could have contributed to their worse
outcomes. In turn, the more advanced disease in pa-
tients with ATTRv at presentation (despite a median
age 4 years younger) may be due to either nature
(e.g., the presence of a mutation) or nurture (e.g.,
disparities related to access to care or duration of
disease). Emerging data favors a biologic explanation
for adverse outcomes in the presence of a mutation;
in areas where there is universal access to health care,
patients with Val122Ile have worse survival outcomes
than patients with ATTRwt (16). Additionally, small
studies comparing outcomes among patients with
Val122Ile stratified by race do not suggest that out-
comes differ between Afro-Caribbeans and Cauca-
sians (20).

IMPACT OF TREATMENT WITH TAFAMIDIS. The pri-
mary and key secondary endpoints in ATTR-ACT
assessed survival, functional capacity, and health
status and quality of life in all patients with ATTR-
CM, demonstrating significant and clinically mean-
ingful benefits with tafamidis (11). Tafamidis reduced
all-cause mortality and rates of CV-related hospitali-
zations compared with placebo (p ¼ 0.0006), with a
notable 30% reduction in the risk of all-cause mor-
tality (p ¼ 0.0259) and a 32% reduction in the rate of
CV-related hospitalizations (p < 0.0001) (11,21). It is
notable that despite differences in disease severity
and progression between patients with ATTRwt and
patients with ATTRv, tafamidis still effectively
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Questionnaire Overall Summary; other abbreviations as in Figure 1.
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reduced mortality and the decline in functional ca-
pacity, and health status and quality of life in
both genotypes.

The significant reductions in the decline in func-
tional capacity and health status and quality of life
with tafamidis compared with placebo were similar
for both patients with ATTRwt and patients with
ATTRv. Estimates of the minimum clinically impor-
tant difference in 6MWT distance in patients with
cardiac disease range from 14 to 33 m (22–24), high-
lighting the clinical importance of the reduction in
the decline with tafamidis in ATTR-ACT of approxi-
mately 80 m. Similarly, the reduction in the decline in
KCCQ-OS of approximately 13 to 18 points with tafa-
midis was notably higher than the 5-point change
considered clinically meaningful (25). Although mean
levels of NT-proBNP increased over the study in all
groups of patients, this increase over time was
reduced with tafamidis compared with placebo.
Higher levels of NT-proBNP have previously been
shown to be associated with increased mortality in
patients with ATTR-CM (26,27).

IMPLICATIONS FOR CLINICAL PRACTICE. In ATTR-
ACT, there were relatively few patients who were
NYHA functional class I at baseline. In addition, a
smaller proportion of patients with ATTRv (6.6%)
than patients with ATTRwt (9.0%) were NYHA func-
tional class I at baseline. This suggests that a more
widespread application of genetic testing could help
to identify currently under-recognized individuals
earlier in the course of their disease (17,28).

The efficacy of tafamidis appeared to be greater in
patients with less severe disease at baseline (as
assessed by NYHA functional class), which highlights
the importance of early diagnosis and treatment (29).
However, there remained a nonsignificant reduction
in the risk of death in patients with more severe dis-
ease (NYHA functional class III) and further studies
may reveal more details on the efficacy of tafamidis in
patients with ATTR-CM with more severe disease. In
patients with transthyretin amyloid polyneuropathy,
tafamidis has been shown to delay disease progres-
sion similarly across patients with a range of baseline
disease severities (30).

STUDY LIMITATIONS. Clinical trials in rare and
underdiagnosed diseases such as ATTR-CM face a
number of challenges arising from small patient
populations. Subgroup analyses of smaller numbers
of patients are even more challenging and can result
in greater variability in outcomes and limited power
to detect differences. Although these analyses by
genotype were pre-specified outcomes of ATTR-ACT,
the smaller size of the subgroups may limit general-
izability. Further post hoc subgroup analyses, which
can only be considered hypothesis generating, are
limited by the small numbers of patients. In partic-
ular, the smaller number of patients with ATTRv in
ATTR-ACT limit further analysis of the efficacy of
tafamidis in patients with ATTRv with spe-
cific mutations.
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PERSPECTIVES

COMPETENCY IN MEDICAL KNOWLEDGE: In

ATTR-ACT tafamidis was shown to improve survival

and reduce the decline in measures of functional ca-

pacity and health status and quality of life in patients

with ATTR-CM. Data from ATTR-ACT confirm the poor

prognosis of untreated ATTRv compared with

ATTRwt. However, these pre-specified analyses show

that the observed reduction in mortality and func-

tional decline with tafamidis treatment is similar in

both patients with ATTRwt and with ATTRv.

TRANSLATIONAL OUTLOOK: Clinical trials in pa-

tients with ATTR-CM present unique challenges

associated with the limited numbers of patients. The

efficacy of tafamidis in patients with less severe dis-

ease highlights the importance of early diagnosis and

treatment. Further studies may provide additional

insight into the impact of treatment in patients with

more severe disease.
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CONCLUSIONS

These pre-specified analyses from ATTR-ACT confirm
the poorer prognosis of patients with ATTRv
compared with patients with ATTRwt. Notably,
treatment with tafamidis similarly reduced mortality
and functional decline, as measured by 6MWT and
KCCQ-OS, in both disease subtypes. These data
strengthen the evidence that tafamidis is an effective
therapy for all patients with ATTR-CM, regardless of
genotype.
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