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ABSTRACT

Introduction: In the Tafamidis in Transthyretin
Cardiomyopathy Clinical Trial (ATTR-ACT;
ClinicalTrials.gov. number NCT01994889),
tafamidis reduced the risk of all-cause mortality
in patients with transthyretin amyloid car-
diomyopathy (ATTR-CM) by 30% versus pla-
cebo. Median overall survival was not achieved
in either treatment arm (57.1 and 70.5% of
patients in the placebo and tafamidis groups,
respectively, survived at 30 months), limiting
assessment of the potential survival benefits of
treatment.

Methods: A survival extrapolation analysis was
conducted following technical support guideli-
nes from the National Institute for Health and
Care Excellence. Multiple models (i.e., expo-
nential, Weibull, gamma, log-logistic, log-nor-
mal, Gompertz, generalized gamma, and
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generalized F) were applied to systematically fit
different candidate curves to existing patient-
level data from the 30-month treatment period
in ATTR-ACT. The relative goodness-of-fit for
each candidate curve was then tested by
Akaike’s and Bayesian information criteria to
select a single model that was fitted to the pla-
cebo and pooled tafamidis treatment arms.
Results: A gamma distribution was selected as
best fitting model and fitted to both treatment
arms. The resulting estimated median overall
survival was 35.16 months for placebo and
52.64 months for tafamidis (difference
17.48 months).

Conclusions: This extrapolation of survival
data from ATTR-ACT further supports the effi-
cacy of tafamidis in patients with ATTR-CM.
Owing to the limitations of this analysis, these
survival estimates should be interpreted with
caution; however, they are consistent with
recently presented findings from a combined
analysis of data from ATTR-ACT and interim
data from an ongoing long-term extension
study (median follow-up 36 months; Clini-
calTrials.gov number NCT02791230).

Trial Registration: ClinicalTrials.gov: NCT019
94889.
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Key Summary Points

Why carry out this study?

Patients with transthyretin amyloid
cardiomyopathy (ATTR-CM) in the
placebo and tafamidis arms of ATTR-ACT
did not achieve median overall survival by
the completion of the study at 30 months.
A statistical extrapolation method was
developed to estimate their survival
beyond the 30-month trial duration.

What was learned from the study?

Findings from the survival extrapolation
analysis suggest that at least 50% of
patients receiving tafamidis would survive
for approximately 53 months, compared
to 35 months for those receiving placebo,
providing further support for the efficacy
of tafamidis in ATTR-CM.

INTRODUCTION

Transthyretin amyloid cardiomyopathy (ATTR-
CM) is a progressive, life-threatening disease
caused by the aggregation of amyloid fibrils in
the heart. These amyloid fibrils are formed by
misfolded transthyretin (TTR) protein [1].
Deposition of misfolded TTR monomers or oli-
gomers in the myocardium results in restrictive
cardiomyopathy and heart failure, and accu-
mulation in the conduction system may lead to
bundle-branch or atrioventricular block and
atrial arrhythmias [2]. ATTR-CM is primarily a
condition affecting older adults and can have a
genetic (hereditary; ATTRv) or nongenetic
(wild-type; ATTRwt) basis [3]. Diagnosis is often
substantially delayed after symptom onset, and
estimated median survival is 2.5years and
3.6 years after diagnosis of ATTRv and ATTRwt,
respectively [4, 5].

Tafamidis is a benzoxazole derivative that
lacks nonsteroidal anti-inflammatory drug
activity and binds with high affinity and

selectivity to TTR, inhibiting amyloid fibril for-
mation [6]. Tafamidis is currently approved in
more than 40 countries worldwide to delay the
progression of peripheral neurologic impair-
ment in transthyretin amyloid polyneuropathy,
and was recently approved in the USA, Canada,
Japan, and Brazil for the treatment of ATTR-CM
of both types (ATTRv and ATTRwt). In the
Tafamidis in Transthyretin Cardiomyopathy
Clinical Trial (ATTR-ACT), this TTR stabilizer
was shown to be statistically superior to placebo
over 30 months of treatment in reducing all-
cause mortality and cardiovascular-related hos-
pitalizations, with a reported 30% lower risk of
both outcomes [7].

In the completed 30-month study, median
overall survival (mOS) was not achieved in
either treatment arm of ATTR-ACT, with 57.1%
of patients in the placebo arm and 70.5% of
patients in the tafamidis arm surviving at the
end of the trial, limiting full assessment of the
potential survival benefit of treatment [7]. We
therefore developed a statistical extrapolation
method to estimate survival with tafamidis
versus placebo in patients with ATTR-CM
beyond the 30-month duration of ATTR-ACT.

METHODS

The ATTR-ACT was a phase 3, placebo-
controlled, double-blind, randomized trial
(ClinicalTrials.gov number NCT01994889) in
which 177 patients received placebo and 264
patients with ATTR-CM received treatment with
tafamidis (80 or 20 mg) for 30 months [7]. In
the primary analysis of ATTR-ACT findings, the
investigators hierarchically assessed all-cause
mortality, followed by the frequency of cardio-
vascular-related hospitalizations, over the
30-month study. Findings were compared
between the placebo group and the pooled
tafamidis (80 and 20mg) treatment group.
Heart transplantation and implantation of a
cardiac mechanical assist device (i.e., left-ven-
tricle assist device), as indicators of end-stage
disease, were treated as equivalent to death in
this analysis (as in the primary ATTR-ACT
analysis).
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The method used for our analysis adhered to
the technical support guidelines issued by the
National Institute for Health and Care Excel-
lence on survival analysis extrapolation with
patient-level data [8]. To initiate the model
selection process, log-cumulative hazard plots
(and variations) were constructed to visually
verify whether assumptions for multiple models
held true. The models included exponential,
Weibull, gamma, log-logistic, log-normal,
Gompertz, generalized gamma, and generalized
F models. (Assumptions for these models are
summarized in Electronic Supplementary
Material [ESM] Table S1.)

Plots of the curves for candidate models (i.e.,
those for which assumptions were not violated)
were compared via visual inspection with
Kaplan-Meier curves based on existing individ-
ual patient-level data from the four treatment
arms (i.e., placebo, tafamidis 80 mg, tatamidis
20 mg, and pooled tafamidis 80 mg and 20 mg)
in the 30-month treatment period in ATTR-ACT
to determine how well each model fit the data.
The relative goodness-of-fit of each candidate
curve was subsequently tested using Akaike’s
information criterion (AIC) and the Bayesian
information criterion (BIC) [9]. Based on these
fit criteria, the best-fitting single model was
selected and fitted to data from the placebo

group and the pooled tafamidis 20-mg and
80-mg dose group in ATTR-ACT. The other
models (i.e., those not selected based on fit cri-
teria) were similarly fitted to these data for
comparison purposes.

This article is based on previously conducted
studies and does not contain any studies with
human participants or animals performed by
any of the authors. All patient data are anon-
ymized with no personal data, so informed
consent was not required.

RESULTS

The top best-fitting candidate models were
selected for each of the four treatment arms
based on the AIC/BIC goodness-of-fit testing
(Table 1). The gamma distribution was the only
top model shared across all four treatment arms;
the data did not suggest that other models were
substantially different within each treatment
arm. The gamma distribution model was selec-
ted as the best-fitting model and was fitted to
the placebo and pooled tafamidis treatment
arms in ATTR-ACT.

According to output from the gamma model,
the extrapolated time when survival probability
was approximately O ranged from 22 years in

Table 1 Testing goodness-of-fit of each candidate curve using Akaike’s information criterion and Bayesian information

criterion for each treatment arm

Model Placebo Pooled tafamidis Tafamidis 80 mg Tafamidis 20 mg
AIC BIC AIC BIC AIC BIC AIC BIC
Exponential 77026 77344 85433 85791 58782 59099 26827 27074
Weibull 754.50 760.86 852.85 860.00 586.89 593.23 269.61 27457
Gamma® 75592 762.27 852.45 859.60 586.70 593.04 269.44  274.40
Log—logistic 756.27 762.62 851.90 859.05 586.48 592.82 269.11 274.06
Log-normal 76521 77157 85099  858.15 58705 59339 26774  272.69
Gompertz 754.16 760.51 855.10 862.26 588.31 594.65 270.24 275.19
Generalized gamma 755.80 765.33 852.94 863.67 588.43 597.94 268.61 276.04
Generalized F 75777 77047 85494 86924 59030 60299  270.61 28052

AIC Akaike’s information criterion, BIC Bayesian information criterion

Values in bold denote top candidate models for each treatment arm
* Underling indicates the top model (Gamma) shared by all four treatment arms based on AIC or BIC criteria
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Fig. 1 Gamma model fitted to patient-level data for all-
cause mortality

the placebo group to 44 years in the pooled
tatamidis group. The resulting estimated mOS
was  35.16 months  for  placebo  and
52.64 months for the pooled tafamidis group, a
difference of 17.48 months (Fig. 1). (Corre-
sponding findings from the other models are
shown, along with those from the gamma
model, in ESM Fig. S1.)

DISCUSSION

Based on the published Kaplan-Meier curves for
mortality during the 30-month ATTR-ACT
study, the mOS was not reached in either the
placebo or pooled tafamidis treatment groups
[8]. Therefore, we used a statistical method
based on extrapolation of observed study data
to estimate patients’ mOS after the study end at
30 months. Our extrapolation method applied a
best-fit model approach extending beyond
30 months and evaluated the goodness-of-fit of
the models to the observed ATTR-ACT data. The
extrapolated curves were based on fitting para-
metric curves to the data; two standard criteria
were used to evaluate the model fit and com-
plexity—AIC and BIC—with lower values
determining best fit. After assessing the esti-
mated curves and AIC/BIC, we selected the
gamma model as the best fitting model and
used it to estimate mOS beyond the 30-month
trial duration. We estimated that at least 50% of
patients receiving tafamidis would live approx-
imately 53 months, versus 35months for
patients receiving placebo, a 17.5-month longer

estimated mOS with tafamidis compared with
placebo.

Interestingly, our extrapolated results appear
to be consistent with the recently presented
findings of a combined analysis of data from
ATTR-ACT [7] and interim data from an
ongoing, open-label, long-term extension
study of ATTR-ACT (ClinicalTrials.gov number
NCT02791230; data cutoff: February 2018) [10].
In the latter extension study, patients who
received tafamidis meglumine during ATTR-
ACT continued to receive the agent at the same
dose, whereas patients who received placebo
were randomized to receive either tafamidis
meglumine 20 mg or 80 mg. (Data from the two
tafamidis dose groups were pooled, as in the
primary analysis [7].) Across the two studies,
after a median follow-up of 36 months, the risk
of all-cause mortality was significantly lower in
the tafamidis/tafamidis group than in the pla-
cebo/tatamidis group [10], and the survival
curves for each group over time approximated
those obtained in the current extrapolation
analysis.

The extrapolation approach used for our
analysis has limitations that should be consid-
ered when interpreting findings. Because the
study duration of ATTR-ACT was 30 months,
the accuracy of the extrapolated results cannot
be fully evaluated based solely on data from
ATTR-ACT. In addition, the extrapolation
model did not control for the covariates in
ATTR-ACT (e.g., New York Heart Association
class). Finally, alternative model approaches
(e.g., finite mixture models) could result in dif-
ferent estimates of the mOS. As a result of these
limitations, the survival estimates derived from
this extrapolation approach are best interpreted
as an approximation of the potential benefit of
tafamidis.

CONCLUSIONS

Future results of the ongoing, long-term exten-
sion study to ATTR-ACT will provide additional
information about the survival benefit of tafa-
midis in patients with ATTR-CM. However,
because patients receiving placebo during the
prior 30-month treatment period were switched
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to treatment with tafamidis upon entering the
study extension, a direct comparison of tafa-
midis and placebo will be difficult, especially in
the long term. In this case, extrapolation may
again be a valuable tool to estimate differences
in mOS between patients receiving tafamidis
and those who received placebo (i.e., in the
absence of long-term placebo data).
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