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BACKGROUND Transthyretin amyloid cardiomyopathy (ATTR-CM) is a fatal disease. Tafamidis was approved to treat

patients with ATTR-CM based on findings from the ATTR-ACT (Tafamidis in Transthyretin Cardiomyopathy Clinical Trial).

OBJECTIVES This post hoc analysis examined the proportion of patients who experienced improved efficacy measures

through 30 months of treatment with tafamidis or placebo in ATTR-ACT.

METHODS Patients with ATTR-CM were randomized to tafamidis (80 mg or 20 mg) or placebo. Change from baseline in

6-minute walk test distance, Kansas City Cardiomyopathy Questionnaire Overall Summary score, N-terminal pro-B-type

natriuretic peptide concentration, patient global assessment of overall health, and New York Heart Association functional

class were assessed at regular time points. The proportion of patients with improvement was summarized for each time

point with odds ratio. Missing data were imputed as deterioration.

RESULTS Higher proportions of tafamidis-treated patients (n ¼ 264) than placebo-treated patients (n ¼ 177) showed

improvement in all assessments. The odds ratio for improvement favored tafamidis for all measures and at all time points.

It was significant (P < 0.001) at month 30 for 6-minute walk test distance (4.9; 95% CI: 2.28-10.69), Kansas City

Cardiomyopathy Questionnaire Overall Summary score (3.3; 95% CI: 1.85-5.78), N-terminal pro-B-type natriuretic pep-

tide concentration (5.3; 95% CI: 2.66-10.73), and patient global assessment of overall health (2.9; 95% CI: 1.69-4.95).

CONCLUSIONS This analysis found that higher proportions of patients treated with tafamidis experienced

improvement from baseline in measures of heart failure, functional capacity, and health-related quality of life than

those treated with placebo during ATTR-ACT. These data provide further evidence of the clinical benefits of

tafamidis in patients with ATTR-CM. (Safety and Efficacy of Tafamidis in Patients With Transthyretin Cardiomy-

opathy [ATTR-ACT]; NCT01994889) (JACC Adv 2022;1:100148) © 2022 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-minute walk test

ATTR-CM = transthyretin

amyloid cardiomyopathy

KCCQ-OS = Kansas City

Cardiomyopathy Questionnaire

Overall Summary

NT-proBNP = N-terminal

pro-B-type natriuretic peptide

NYHA = New York Heart

Association

PGA = patient global

assessment

TTR = transthyretin
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T ransthyretin amyloid cardiomyopa-
thy (ATTR-CM) is a fatal condition
caused by the accumulation of mis-

folded transthyretin protein (TTR) in the
myocardium. The 2 forms of ATTR-CM are
hereditary (from gene variants) or wild-type
(idiopathic).1,2 It is most commonly diag-
nosed in older adults, where the buildup of
amyloid over time causes progressive cardio-
myopathy and eventually leads to heart
failure.1,2

The clinical course of ATTR-CM varies
based on factors such as genotype and clin-
ical condition at diagnosis, but current un-
treated median survival expectations are
approximately 2 to 5 years from diagnosis.3,4 During
this time, patients with ATTR-CM experience
declining health and quality of life.1,3,4 ATTR-CM is
currently considered a rare disease, but the incidence
is increasing, largely due to improvements in clinical
awareness and diagnosis.1,5

Tafamidis is a kinetic stabilizer that inhibits the
dissociation of the TTR protein tetramer. It reduces
the amount of unstable TTR monomer available to
misfold and deposit in various organs as amyloid. The
ATTR-ACT (Tafamidis in Transthyretin Cardiomyop-
athy Clinical Trial) was an international, randomized,
double-blind, placebo-controlled evaluation of the
efficacy and safety of tafamidis in patients with
ATTR-CM.6 The primary outcomes of ATTR-ACT
showed that tafamidis significantly reduced mortal-
ity (hazard ratio: 0.70; 95% CI: 0.51-0.96) and
cardiovascular-related hospitalizations (relative risk
ratio: 0.68; 95% CI: 0.56-0.81) compared with placebo
over the 30-month study duration.6 Although both
tafamidis- and placebo-treated patients showed pro-
gressively declining health, at month 30, patients
treated with tafamidis had a better overall 6-minute
walk test (6MWT) distance, N-terminal pro-B-type
natriuretic peptide (NT-proBNP) concentration, pa-
tient global assessment (PGA) of overall health score,
and Kansas City Cardiomyopathy Questionnaire
Overall Summary (KCCQ-OS) score than those treated
with placebo.6-8 These findings demonstrated the
ability of tafamidis to reduce the progression of
ATTR-CM and led to its approval for use in the
clinic.9,10

In a previously published post hoc outcome from
ATTR-ACT, improvements in patient-reported quality
of life (as assessed by KCCQ-OS and including no
change) and overall health (as assessed by PGA) were
observed in a larger proportion of tafamidis-treated
patients than in placebo-treated patients.8 These
improvements are notable as ATTR-CM is known to
be progressive and fatal. The aim of this post hoc
analysis was to characterize the proportions of pa-
tients who demonstrate improvement in a range of
efficacy measures assessed in the ATTR-ACT.

METHODS

ATTR-ACT was approved by the independent review
board or ethics committee at each site. It was con-
ducted in accordance with the principles of the
Declaration of Helsinki and the International Con-
ference on Harmonisation Good Clinical Practice
guidelines. All participants gave written informed
consent.

TRIALDESIGNANDPATIENTS. ATTR-ACT (NCT01994889)
was an international, multicenter, phase 3, random-
ized, double-blind, placebo-controlled clinical trial of
tafamidis (80 mg and 20 mg). The protocol and pri-
mary outcomes of this completed trial have been
previously published.6,11

The trial enrolled patients (18-90 years of age) with
ATTR-CM, as defined by the presence of either he-
reditary or wild-type transthyretin amyloidosis and a
medical history of heart failure. Patients were
required to have a 6MWT distance of >100 m, an
NT-proBNP concentration of $600 pg/mL, and a New
York Heart Association (NYHA) functional classifica-
tion of class I to III.

Patients were randomized (2:1:2) to receive daily
oral tafamidis (80 mg or 20 mg) or matching placebo
for 30 months. Stratification was based on hereditary
or wild-type transthyretin amyloidosis status and
NYHA class. During the trial, patients receiving 80 mg
of tafamidis who experienced an adverse event that
might have been related to the treatment and might
affect their ability to continue were allowed to reduce
their dose to 40 mg. Data for both doses of tafamidis
were pooled for the primary ATTR-ACT outcomes and
in this post hoc analysis.

Patients discontinued from the ATTR-ACT for
several reasons, including death, being unwilling to
continue in the trial, poor tolerability or adverse
events, plans to undergo organ transplantation or
implantation of a cardiac mechanical assist device,
and protocol violations. Vital status was confirmed at
month 30 for all patients who received study treat-
ment of any duration.

CLINICAL EVALUATIONS AND STATISTICAL ANALYSES.

This post hoc analysis describes patients with

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


CENTRAL ILLUSTRATION Improvements in Efficacy Measures Observed With Tafamidis in ATTR-ACT
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Questionnaire Overall Summary; NT-proBNP ¼ N-terminal pro-B-type natriuretic peptide.
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improved efficacy measures compared with baseline
in the pooled tafamidis (80 mg and 20 mg) and
placebo cohorts at all available time points
throughout the ATTR-ACT. Efficacy measures were
6MWT distance, KCCQ-OS score (on a 0-100 scale,
where 0 ¼ severe symptoms or limitations and
100 ¼ no symptoms or limitations and excellent
quality of life),12 NT-proBNP concentration, PGA of
overall health (categories: “very much improved,”
“much improved,” “minimally improved,” “no
change from baseline,” “minimally worse,” “much
worse,” “very much worse”), and NYHA functional
class (I-IV)13 summarized at all available time points
for the pooled tafamidis and placebo cohorts.
The 6MWT, KCCQ-OS, PGA, and NYHA assessments
were conducted at baseline and every 6 months over
the duration of ATTR-ACT. The NT-proBNP concen-
tration was assessed at baseline, month 12, and
month 30. Improvement was defined at each
assessment as a change from baseline of >0 for
6MWT distance and KCCQ-OS score; <0 for
NT-proBNP concentration; a lower NYHA class rela-
tive to baseline; or improvement reported in the PGA
(Supplemental Table 1).

This post hoc analysis included all patients who
received treatment and were evaluated for $1 post
baseline efficacy evaluation. Outcomes were the
proportion of patients with improvement and the OR
for improvement (tafamidis vs placebo) with 95% CI
and P value. Missing data were imputed as not
improved, but separate analyses of observed data
(without imputation) are provided.

RESULTS

A summary of our findings is presented in the Central
Illustration. A plain language summary of this study is
included in Supplemental Figure 1.



TABLE 1 Efficacy Measures at Baseline

Pooled Tafamidis
(n ¼ 264)

Placebo
(n ¼ 177)

6MWT distance, m 350.6 � 121.30 353.3 � 125.98

KCCQ-OS score 67.3 � 21.36 65.9 � 21.74

NT-proBNP concentration, pg/mL 2,995.9 (1,751.5-4,861.5) 3,161.0 (1,864.4-4,825.0)

PGA of overall health

Normal, not at all ill 43 (16.3) 21 (11.9)

Borderline ill 52 (19.7) 28 (15.8)

Mildly ill 49 (18.6) 39 (22.0)

Moderately ill 72 (27.3) 55 (31.1)

Markedly ill 35 (13.3) 26 (14.7)

Severely ill 9 (3.4) 3 (1.7)

Among the most extremely ill 1 (0.4) 0

NYHA functional class

I 24 (9.1) 13 (7.3)

II 162 (61.4) 101 (57.1)

III 78 (29.5) 63 (35.6)

Values are mean � SD, median (IQR), or n (%).

6MWT ¼ 6-minute walk test; KCCQ-OS ¼ Kansas City Cardiomyopathy Questionnaire Overall Summary; NT-
proBNP ¼ N-terminal pro-B-type natriuretic peptide; NYHA ¼ New York Heart Association; PGA ¼ patient global
assessment.
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PATIENT CHARACTERISTICS AT BASELINE. ATTR-
ACT enrolled 441 patients at 48 international sites
between December 2013 and August 2015. Of these,
88 patients received 20 mg of tafamidis, 176 received
80 mg of tafamidis (pooled n ¼ 264), and
177 received placebo.6

As previously reported, the median patient age was
75 years (range: 46-88 years) in the tafamidis cohort
and 74 years (range: 51-89 years) in the placebo
cohort.6 Most patients were male (91.3% of the tafa-
midis and 88.7% of the placebo cohort) and White
(79.9% and 82.5%, respectively).6 Approximately one-
quarter of patients in each cohort had a variant of the
TABLE 2 Patient Discontinuation From ATTR-ACT

Pooled Tafamidis
(n ¼ 264)

Placebo
(n ¼ 177)

Completed study 173 (65.5) 85 (48.0)

Discontinued due to reasons other
than death

52 (19.7) 54 (30.5)

Total discontinuations 91 (34.5) 92 (52.0)

Due to

Death 39 (14.8) 38 (21.5)

Adverse events 17 (6.4) 11 (6.2)

No longer willing to participate 25 (9.5) 37 (20.9)

Protocol violation 1 (0.4) 1 (0.6)

Lost to follow-up 1 (0.4) 0

Othera 8 (3.0) 5 (2.8)

Values are n (%). aOrgan transplantation (6 in the pooled tafamidis cohort and 5 in
the placebo cohort) or cardiac mechanical assist device implantation (2 in the
pooled tafamidis cohort).

ATTR-ACT ¼ Tafamidis in Transthyretin Cardiomyopathy Clinical Trial.
transthyretin genotype (23.9% and 24.3%,
respectively).6

Baseline measures for 6MWT, KCCQ-OS,
NT-proBNP, PGA, and NYHA classification (Table 1)
were broadly comparable between the tafamidis and
placebo cohorts. The mean 6MWT distance was
w350 m; KCCQ-OS score w66 (indicating fair to good
quality of life)12; and NT-proBNP concentration
w3,000 pg/mL. In both cohorts, the most common
response on the PGA of overall heath was “moder-
ately ill” (w30% of patients), and the most common
NYHA class was II (w60% of patients).

During the 30-month study, 39 patients treated
with tafamidis (15%) and 38 patients treated with
placebo (21%) discontinued due to death. Another
52 tafamidis-treated patients (20%) and 54 placebo-
treated patients (31%) discontinued for other
reasons (Table 2). Among these, 33 tafamidis and
34 placebo patients, respectively, had died when the
vital status was confirmed at month 30. Overall, 173
tafamidis- and 85 placebo-treated patients completed
the study. Data points are missing for some
continuing patients, for some outcomes.
PATIENTS ACHIEVING IMPROVEMENT IN EFFICACY

MEASURES. Gradually declining proportions of pa-
tients with improvement in efficacy measures were
observed in both the pooled tafamidis and placebo
cohorts over the course of the ATTR-ACT. Despite
this, in both imputed and observed data analyses,
higher proportions of tafamidis-treated than placebo-
treated patients showed improvement in each effi-
cacy measure at all time points assessed (Figure 1,
Supplemental Figure 2). The magnitude of difference
between the proportions of patients showing
improvement with tafamidis and placebo treatment
grew over time.

For 6MWT distance, the proportion of tafamidis-
treated patients showing improvement from base-
line was 19% to 36% at time points over the
30 months, compared with 5% to 27% of placebo-
treated patients (Figure 1). At month 30, 19% of
tafamidis-treated and 5% of placebo-treated patients
had improved 6MWT distance from baseline.
KCCQ-OS score was improved from baseline for 26%
to 41% of tafamidis-treated and 10% to 40% of
placebo-treated patients at time points over the
30 months (Figure 1). At month 30, 26% of tafamidis-
treated and 10% of placebo-treated patients had an
improved KCCQ-OS score from baseline. NT-proBNP
concentration was measured at months 12 and
30 only, where 37% and 24% of tafamidis-treated
and 19% and 6% of placebo-treated patients
showed improvement from baseline, respectively
(Figure 1). In the PGA, 27% to 35% of tafamidis- and



FIGURE 1 Patients With Improved Efficacy Measures During ATTR-ACT (Imputed Data)
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(A) 6MWT distance. (B) KCCQ-OS score. (C) NT-proBNP concentration. (D) PGA of overall health score. (E) NYHA functional class.

Percentages given above bars are rounded. Improvement is defined as >0 change from baseline to month 30 for 6MWT and KCCQ-OS; <0 for

NT-proBNP; “minimally,” “much,” or “very much improved” for PGA, and a lower class for NYHA. Pooled tafamidis cohort includes patients

treated with 80 mg and 20 mg. 6MWT ¼ 6-minute walk test; ATTR-ACT ¼ Tafamidis in Transthyretin Cardiomyopathy Clinical Trial;

KCCQ-OS ¼ Kansas City Cardiomyopathy Questionnaire Overall Summary; NT-proBNP ¼ N-terminal pro-B-type natriuretic peptide;

NYHA ¼ New York Heart Association; PGA ¼ patient global assessment.
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11% to 31% of placebo-treated patients reported
improvements in overall health from baseline at
time points over the 30 months. At month 30, 27%
of tafamidis-treated and 11% of placebo-treated
patients reported improvement from baseline.
NYHA functional class was improved from baseline
for 9% to 12% of tafamidis- and 5% to 11% of
placebo-treated patients at time points over the
30 months of treatment (Figure 1). At month 30, 9%
of tafamidis-treated and 5% of placebo-treated
patients had an improvement in NYHA class from
baseline.

The proportion of patients with improved mea-
sures was marginally lower at each time point in the
imputation analysis (Figure 1) as compared with
observed data (Supplemental Figure 2), but the gen-
eral trends over time were indistinguishable.

The ORs of experiencing improvement in efficacy
measures with tafamidis vs placebo treatment are
shown in Figure 2 and Supplemental Figure 3.



FIGURE 2 Odds Ratio for Improvement in Efficacy Measures During ATTR-ACT (Imputed Data)
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Improvement defined as >0 change from baseline to month 30 for 6MWT and KCCQ-OS; <0 for NT-proBNP; “minimally,” “much,” or

“very much improved” for PGA, and a lower class for NYHA. Pooled tafamidis cohort includes patients treated with 80 mg and 20 mg.

Abbreviations as in Figure 1.
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In both the imputation analysis and observed data,
there were trends for increasing ORs (favoring tafa-
midis) as the study progressed. In the analysis with
imputation, the odds of improved 6MWT distance
with tafamidis treatment vs placebo was 4.9 by
month 30 (95% CI: 2.28-10.69; P < 0.0001) and sig-
nificant at all prior time points (P < 0.05) (Figure 2).
The OR for improvement in the KCCQ-OS score was
3.3 by month 30 (95% CI: 1.85-5.78; P < 0.0001) and
significant at all prior time points except for month 6
(P < 0.01) (Figure 2). The OR for improvement in the
NT-proBNP concentration was 5.3 at month
30 (95% CI: 2.66-10.73; P < 0.0001) and 2.6 at month
12 (95% CI: 1.64-4.05; P < 0.0001) (Figure 2). The OR
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for improvement in PGA of overall health was 2.9 at
month 30 (95% CI: 1.69-4.95; P < 0.0001) and was also
significant at month 24 (P < 0.001). The OR for
improvement in NYHA class was 2.0 at month
30 (95% CI: 0.88-4.62; P ¼ 0.09) (Figure 2).

DISCUSSION

This post hoc analysis of data from ATTR-ACT shows
that a proportion of patients with ATTR-CM demon-
strate improvements in heart failure, physical func-
tion, and quality of life measures at time points over
30 months of treatment with tafamidis or placebo.
Although both cohorts showed a mean decline in
health over the study duration, at all time points
assessed, the proportion of patients with improve-
ments from baseline was higher with tafamidis
treatment than with placebo treatment. Furthermore,
the OR for improvement favored tafamidis in all
assessments. Our findings extend the understanding
of the clinical expectation of tafamidis treatment and
have important clinical implications for patients with
ATTR-CM.

ATTR-ACT was a pivotal phase 3 trial that led to the
approval of tafamidis for use in the treatment of pa-
tients with ATTR-CM.6 The published primary out-
comes showed mortality and cardiovascular-related
hospitalizations to be significantly reduced in
tafamidis-treated patients compared with those in
placebo-treated patients at 30 months.6 Recently
published observations additionally showed that
improvement in KCCQ-OS score and PGA of overall
health at month 30 was reported in a larger propor-
tion of tafamidis-treated patients than in placebo-
treated patients.8 The current post hoc analysis
looked at improvement in a range of efficacy assess-
ments over the course of the ATTR-ACT. To allow for
potential bias in the observed data, we employed
imputation to account for patients who discontinued
or had missing data, assuming their condition to have
deteriorated. Comparable trends were also seen with
the observed data.

Our findings confirm that improvement in quality
of life (as assessed by KCCQ-OS score and PGA of
overall health) is more likely with tafamidis than with
placebo treatment through 30 months of treatment.
Similar conclusions can also be extended to measures
of heart failure (NT-proBNP concentration) and
physical function (6MWT distance and NYHA class).
We note that improvement from baseline requires
varying degrees of change for each efficacy measure.
Moreover, no single measure of heart failure symp-
toms is able to fully characterize a patient’s
condition.14 For these reasons, it is perhaps more
valuable to consider the trends across measures
rather than the absolute proportions of patients
showing improvement, or ORs. Across all efficacy
measures, our results showed tafamidis treatment to
be associated with a higher likelihood of improve-
ment. The difference between tafamidis treatment
and placebo treatment grew over the duration of the
ATTR-ACT.

Although improvements in the symptoms of heart
failure and health are desirable in the short term, they
also have prognostic implications. Passantino et al
(2006)15 showed that a short-term improvement in
6MWT distance following treatment adjustment is a
significant predictor of survival in patients with
chronic heart failure for the following 3 years.
Consistent with some previous studies, the authors
also found lower NYHA class to be an independent
predictor of survival.15,16 Greene et al17 have recently
shown that a 5-point improvement in KCCQ-OS score
has a higher prognostic sensitivity to predict reduced
mortality and heart failure–related hospitalizations in
the following 12 months than a 1-level change in
NYHA class. Although improvements in the NT-
proBNP concentration and PGA of overall health
have also been shown to indicate longer-term prog-
nosis in patients with heart failure,18-21 none of the
individual measures has a universally accepted
prognostic role, and further studies of the factors
specific to patients with ATTR-CM are warranted.17,22

STUDY LIMITATIONS. There are limitations to our
post hoc analysis. First, the number of patients
treated in the ATTR-ACT provided a set sample size
that limited the power of our subanalyses. Second,
this was further affected by the 35% of pooled tafa-
midis- and 52% of placebo-treated patients who dis-
continued the study. Although the outcome for a
proportion of these patients is known to be death,
data for the remaining discontinuing patients and any
missing data from continuing patients were imputed
as a deterioration. Third, the duration of ATTR-ACT
was 30 months, and we were unable to extrapolate
findings over a longer term.

CONCLUSIONS

Although ATTR-CM is a progressive disease, this
analysis demonstrates that a consistently higher
proportion of tafamidis-treated patients in the ATTR-
ACT experienced improvement from baseline in
measures of heart failure, functional capacity, and
health-related quality of life than placebo patients.



PERSPECTIVES

COMPETENCY IN PATIENT CARE: We found that,

compared with placebo, a higher proportion of pa-

tients treated with tafamidis had improved efficacy

measures through 30 months of treatment in the

Tafamidis in Transthyretin Cardiomyopathy Clinical

Trial. As several of these measures are also suggested

to have prognostic value, our findings add to the

existing evidence showing tafamidis treatment to be

associated with a slowing of transthyretin amyloid

cardiomyopathy progression and an extended survival

time. These data further establish the clinical benefits

of tafamidis.

TRANSLATIONAL OUTLOOK: Further research on

the long-term effects of tafamidis treatment in the

real world will allow better understanding of the

treatment benefit.
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These data provide further evidence of the clinical
benefits with tafamidis in patients with ATTR-CM.
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