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Transthyretin (TTR) is a tetrameric protein synthesized 
essentially by the liver. TTR molecules may misfold and 
store as amyloid fibrils in the heart and other organs, 
leading to TTR‑related amyloidosis (ATTR)1. ATTR can 
follow the deposition of either variant ATTR (ATTRv), 
which was previously known as mutant ATTR, or wild-type 
ATTR (ATTRwt).1 ATTR is an underdiagnosed disease, as 
well as a crucial determinant of morbidity and mortality.2 
Cardiac  involvement is common in ATTR, leading to 
transthyretin cardiomyopathy (ATTR-CA). ATTR-CA is a 
progressive disorder, and patients ultimately develop heart 
failure, arrhythmias, and cardiac conduction disturbances, 
resulting in decreased functional capacity, diminished quality 
of life, and death.3 Until recently, treatment of ATTR-CA was 
limited to treating symptoms and complications; however, 
the development of new specific therapies that delay or stop 
the progress of the cardiomyopathy has positively modified 
the outcomes4. These specific treatments work by targeting 
the inhibition of TTR synthesis (inotersen or patisiran); 
tetramer stabilization (diflunisal, tafamidis, or acoramidis 
[AG10]); inhibition of oligomer aggregation and disruption 
(epigallocatechin-3-gallate); and degradation and reabsorption 
of amyloid fibers (doxycycline-tauroursodeoxycholic acid 
[TUDCA]  or doxycycline-ursodeoxycholic acid [UDCA]).4

In patients with ATTR-CA, either ATTRv or ATTRwt, 
tafamidis is considered the agent of choice due to the proven 
clinical benefit in cardiovascular outcomes.5 Tafamidis is a 
kinetic TTR stabilizer that binds to the unoccupied thyroxine 
binding sites of tetrameric TTR and blocks the amyloidogenic 
cascade.6   It was first adopted for treatment of symptomatic 
ATTRv polyneuropathy, and it is the only therapy approved 
with effectiveness to treat ATTR-CA.5 This recommendation is 
essentially based on the results of a large, well-designed phase 
III randomized clinical trial (RCT), ATTR-ACT.7 In this study, 
tafamidis (20 and 80 mg, pooled) showed a decline in all-cause 
mortality and cardiovascular-related hospitalization, decreased 
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decline in 6-minute walk test, slower deterioration in quality of 
life, and a minor increase of NT-proBNP in patients with biopsy-
proven ATTRwt or ATTRv CA with heart failure and NYHA class 
I to III at 30 months. The safety profile was similar to placebo, 
and individuals with NYHA classes I and II reached the most 
meaningful benefit.7 ATTR-ACT was not designed to assess a 
specific dose; therefore, further analysis from ATTR‑ACT and 
its long-term extension study support tafamidis 80 mg as the 
optimal dose to be used in clinical practice.8

Other drugs with the capacity to stabilization of TTR 
have been tested, but, differently from tafamidis, they have 
not been approved for ATTR-CA treatment yet.5 Diflunisal 
is a nonsteroidal anti-inflammatory (NSAID) drug with 
TTR-stabilizing attributes. Studies on diflunisal are all 
noncomparative, small non-RCTs, including almost exclusively 
patients with ATTRv, with exploratory cardiovascular endpoints 
limited to cardiovascular biomarkers and echocardiographic 
parameters.9 Although these potential beneficial effects have 
been described, adverse events associated with NSAIDs may 
impede their use in patients with heart failure.3

AG10 is a highly selective, small-molecule TTR stabilizer. Phase 
I and II studies exhibited a good toxicity profile and stabilization 
of both types of TTR.10 AG10 cannot be supported at present for 
ATTR-CA, as the only study of AG10 had a short duration of 1 
month, and the cardiovascular endpoints are only exploratory and 
restricted to cardiac biomarkers.10 A phase III study to evaluate 
AG10 compared with placebo in subjects with symptomatic 
ATTR-CA is ongoing. The ATTRIBUTE-CM study evaluates AG10 
in patients with ATTRwt or ATTRv CA, and the primary endpoints 
are 6-minute walk test change from baseline at 12 months and all-
cause mortality and cardiovascular hospitalizations at 30 months 
(ClinicalTrials.gov Identifier: NCT03860935).

Lately, agents able to silence the TTR gene and considerably 
reduce the concentration of circulating TTR have joined 
clinical practice.3 They specifically degrade TTR mRNA at the 
nucleus (inotersen) or cytoplasm (patisiran).11,12

Both agents have been accepted for the therapy of ATTRv 
polyneuropathy after proof of their effectiveness in neurologic 
RCTs. Patisiran is a promising drug for patients with ATTR-CA 
based on a subgroup analysis of a phase III double-blind RCT, 
APOLLO,11,13,14 which suggested that therapy with patisiran 
was associated with a decline in mortality and hospitalization, 
as well as a decrease in NT-proBNP and left ventricular wall 
thickness, without significant adverse events. By contrast, 
inotersen failed to demonstrate significant differences in 
echocardiographic variables compared with placebo in 
patients with ATTRv and cardiac disease in the neurological 
trial.12 However, a small, open-label study showed stabilization 
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of cardiac parameters in most patients with ATTRv or ATTRwt 
followed for up to 3 years.15,16 

The possible benefit of patisiran in patients with 
ATTR-CA is currently under research in the APOLLO-B 
phase III RCT. APOLLO B (ClinicalTrials.gov Identifier: 
NCT03997383) is assessing patisiran in patients with ATTR-
CA (ATTRwt or ATTRv), considering a 6-minute walk test 
as the primary endpoint and death and hospitalization 
outcomes as secondary endpoints at 12 months. Phase III 
trials with new gene silencing molecules are ongoing. The 
HELIOS-B (ClinicalTrials.gov Identifier: NCT04153149) 
study evaluates the RNA interference agent, vutrisiran, with 
the convenience of a subcutaneous administration every 3 
months in patients with either ATTRwt or ATTRv CA. The 
primary endpoint is the composite outcome of all-cause 
mortality and recurrent cardiovascular hospitalizations at 
30 months. The CARDIO‑TTRansform trial (ClinicalTrials.
gov Identifier: NCT04136171) evaluates different antisense 
oligonucleotides, AKCEA-TTR-LRX, with the comfort of a 
lower frequency of administration (every 4 weeks). This 
study will also include patients with ATTRwt or ATTRv CA, 
and the primary endpoint is cardiovascular mortality and 
clinical events at 120 weeks.  

Another potential alternative to mRNA targeting‑based 
gene silencing is use of the clustered regularly interspaced 
short palindromic repeats and associated Cas9 endonuclease 
(CRISPR-Cas9) system to achieve in vivo gene editing. 
NTLA‑2001 is a new CRISPR-Cas9–based in vivo gene‑editing 
therapy, administered by intravenous infusion, that is 
intended to edit TTR in hepatocytes, leading to a decrease 
in the production of both wild-type and mutant TTR after 
a single administration.17  In patients with ATTRv with 
polyneuropathy, treatment with NTLA-2001 was associated 
with sustained reductions in the serum TTR protein 
concentration at day 28 (87% in the group that received a 
dose of 0.3 mg per kilogram).17

Additional molecules are under examination to inhibit 
oligomer aggregation and disruption (epigallocatechin-3-
gallate), accelerate clearance, and eliminate existing cardiac 
deposits (TUDCA). Although a small, but significant benefit 
was found on cardiac magnetic resonance parameters such as 
left ventricular mass and native T1 in patients with ATTR-CA 
treated with epigallocatechin-3-gallate (green tea extract), 
these effects should be assessed thoroughly, as they are based 
on noncomparative single-arm small non-RCTs.18-20 

The compound of doxycycline and tauroursodeoxycholic 
bile acid (TUDCA) has been investigated in phase II trials, 
with variable outcomes and an adverse side-effect profile.21,22 
At this stage, the absence of evidence and the presence of 
side-effects do not allow its utilization in clinical practice. 

A phase III clinical trial evaluating doxycycline and TUDCA 
in ATTR-CM is also ongoing and will shed light on their utility 
(ClinicalTrials.gov Identifier: NCT03481972).

Finally, other early-phase investigations are ongoing 
with monoclonal antibodies that promote the removal of 
deposits (ClinicalTrials.gov Identifiers: NCT03336580 and 
NCT04360434).

Notwithstanding the tremendous ongoing investigation, 
there is still a data gap concerning subsets of patients who 
have been excluded from the studies, such as patients 
manifesting ATTR-CA after liver transplantation, patients with 
ATTR-CA with advanced heart failure (NYHA class IV), and 
patients with ATTR over 90 years of age. Furthermore, it is 
necessary to assess whether the association of treatments with 
distinct mechanisms of action could improve the outcome 
of ATTR-CA.5

As demonstrated, this is a growing research field with 
many RCTs currently ongoing, and their results will likely 
shift the paradigm of treatment of ATTR-CA. Our main goal 
continues to be finding the best therapy or combination of 
therapies for each patient with ATTR-CA by optimizing the 
efficacy and minimizing the side effects. 
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