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Abstract
Purpose of Review To provide a functional review for practicing clinicians on the current and emerging treatment considerations
for transthyretin (TTR) cardiac amyloidosis (ATTR-CA).
Recent Findings Current treatment considerations are characterized as those silencing TTR translation, stabilizing TTR tetra-
mers, and disrupting amyloid fibril deposition.
Summary Historically considered a rare disease state, ATTR-CA is increasingly recognized as an important mediator of heart
failure morbidity and mortality. The emergence of widely available therapies for ATTR-CA has developed hope for patients
where little was previously present. Thus, it is important that all cardiology clinicians have a functional understanding of the
disease state and treatment options. This review will discuss agents within each of the above classes with expanded discussion on
tafamidis given its favorable efficacy, safety, and availability. ATTR-CA diagnostic considerations are reviewed with regard to
the identification of potential tafamidis candidates, and practical economic considerations are also reviewed.
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Introduction

Amyloidosis is an umbrella term referring to a broad group of
heterogeneous diseases characterized by the tissue deposition of

β-sheets of amyloid fibrils [1]. These fibrils are derived from the
aggregation of misfolded proteins whose accumulation leads to
eventual organ or tissue dysfunction. The manifestations of the
various amyloid diseases are determined by the amyloidogenic
protein source involved and the location of fibril deposition.
Cardiac amyloidosis (CA) is primarily manifested through two
different etiologies, transthyretin amyloidosis (ATTR) and im-
munoglobulin light chain amyloidosis (AL). Recognition of the
CA source is key for several reasons. The most critical reason is
that, though clinical presentations may be similar, the prognosis
of AL-CA is grim with untreated survival periods of less than
6 months in patients presenting with heart failure symptoms
whereas ATTR-CA survival can be measured in years [2, 3].
Another consideration is that AL-CA, given its clonal cell
source, is principally treated within the hematology community
whereas ATTR-CA management will generally be managed
within cardiology. As such, multi-disciplinary cooperation with-
in the treatment of AL-CA is important for effective and efficient
management. A full discussion of nuances of AL-CA versus
ATTR-CA presentation is beyond the scope of this review, and
readers are directed to more detailed reviews on this topic [4, 5].

ATTR-CA can be diagnostically separated into wild-type/
senile (wtATTR) and variant/mutant (vATTR) subtypes based
on whether mutations in the transthyretin (TTR) protein gene
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are present. Here also, presentation, prevalence, and pene-
trance differences exist between the forms which had been
described in detail previously [4]. Through continued investi-
gation of cardiac amyloidosis, wtATTR is emerging as the
more prevalent form of ATTR-CA [3]. Notably, recent data
with expanded diagnostic strategies found the presence of
ATTR-CA in 13% of patients hospitalized with heart failure
and a preserved ejection fraction (HFpEF) and in 16% of
patients referred for transcatheter aortic valve replacement
(TAVR) [6, 7]. Given the potentially large group of patients
impacted by ATTR-CA, the role of effective therapies is crit-
ical to improve global outcomes. The focus of this review will
be to examine the present pharmacological treatments of
ATTR-CA and evaluate emerging treatments to aid clinicians
in the effective management of ATTR-CA.

Body

Therapeutic Targets

The pathophysiology of ATTR-CA and resulting heart failure
symptoms progresses mechanistically in similar fashions re-
gardless of ATTR subtype. The key steps in ATTR-CA pro-
gression include (1) TTR release from the liver, (2) disassoci-
ation of the TTR tetramer into monomers, (3) monomer aggre-
gation into amyloid fibrils, and (4) fibril infiltration into cardiac
tissue leading to restrictive cardiomyopathy (see Fig. 1) [8].
Given this sequence, current therapeutic targets can be classi-
fied into TTR silencers, TTR stabilizers, and finally agents
which attempt to disrupt deposited amyloid fibrils.

TTR Silencers

Ceasing the production of TTR from the liver is attractive as
an upstream rate-limiting step in amyloid fibril production and

deposition. Currently, inotersen and patisiran are FDA ap-
proved for the treatment of polyneuropathy associated with
vTTR and serve as targets of interest for use in ATTR-CA
therapy [9, 10]. Inotersen and patisiran, as an antisense oligo-
nucleotide (ASO) and a small interfering RNA (siRNA) re-
spectively, bind to and facilitate cleavage of wt- and vTTR
mRNA thus preventing gene translation and ultimately, TTR
production [11]. In clinical trials, inotersen and patisiran ther-
apy resulted in a 74% and 81% decrease in TTR production,
respectively [12, 13].

Inotersen and patisiran have been evaluated as treatments
for vTTR polyneuropathy [12, 14]. In NEURO-TTR,
inotersen, as a weekly subcutaneous injection, primarily
slowed neuropathy progression versus placebo based on func-
tional and quality of life (QOL) outcomes; however, it did not
reverse the disease process [12]. A significant concern regard-
ing thrombocytopenia and glomerulonephritis was raised dur-
ing the trial which led the FDA to recommend weekly platelet
level, biweekly serum creatinine, estimated glomerular filtra-
tion rate (eGFR), urinalysis, and urine protein creatinine ratio,
and liver function tests every 4 months during therapy [9, 12].
Patisiran, as an intravenous infusion every 3 months, also
slowed functional decline versus placebo in the APOLLO
study; however, in contrast to inotersen, 56% of patients had
an improvement in functional outcomes from baseline [14].
Adverse effects were similar among patients receiving
patisiran or placebo with only mild to moderate peripheral
edema (30% vs. 22%) and injection-site reactions (20% vs.
9%) occurring more frequently with patisiran than placebo.

Currently, no prospective data on cardiovascular endpoints
with inotersen or patisiran in patients with ATTR-CA are
available, but observational and post-hoc data is available
for review. Specifically, with inotersen, review of the
NEURO-TTR cohort data showed that therapy failed to sug-
gest any effect on longitudinal strain or other echocardio-
graphic variables versus placebo [12]. In contrast, a small

Fig. 1 Pathophysiology of
transthyretin amyloid disease and
associated therapeutic targets for
intervention
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evaluation of inotersen in patients without neuropathy showed
a reduction in LVwall thickness by 8.4% and 11.5% in 10 and
8 patients respectively at 2 and 3 years and a reduction in
septal thickness at 3 years [15]. Inotersen therapy was gener-
ally well tolerated with the exception of platelet reductions in
15% of patients during drug therapy.

Post-hoc analyses of a subpopulation of vATTR patients
with cardiac manifestations in the APOLLO study revealed
that patients treated with patisiran saw significantly reduced
NT-proBNP levels and all-cause mortality in comparison with
placebo at 18 months [14, 16]. Treatment with patisiran was
also associated with significantly reduced left ventricular wall
thickness and longitudinal strain, indicating that patisiran ther-
apy may improve cardiac structure and function [16].

Based on the current limited evidence for TTR silencers in
ATTR-CA and safety concerns with inotersen, patisiran
seems to be the more promising of these agents but its overall
role in ATTR-CA remains unclear. Future studies will provide
more information on the potential role of TTR silencers in
ATTR-CA. These include a small single-center phase 2 study
of inotersen (NCT03702829) with surrogate endpoints
expec ted March 2022 and the APOLLO-B tr ia l
(NCT03997383) with an expected completion date of
November 2022 [17, 18]. The APOLLO-B trial will primarily
evaluate the impact of patisiran versus placebo on the 6-min
walk test in both wt- and vATTR-CA patients. It will also
include a secondary composite endpoint of mortality and hos-
pitalizations. This will provide data that is critical in our un-
derstanding of the potential impact of TTR stabilization on
ATTR-CA outcomes.

TTR Stabilizers

Stabilizing the TTR tetramer is the most therapeutically ad-
vanced method of decreasing amyloid fibril deposition and
related consequences in ATTR-CA. At this point, four agents
have been shown to stabilize TTR: diflusinil, tafamidis,
epigallocatechin-3-gallate (EGCG), and AG 10 [19–23].
AG10 and EGCG are still being evaluated with regard to
clinical outcomes (ATTRIBUTE-CM (NCT03860935),
AG10, completion expected 2023) based on positive surro-
gate marker data in ATTR patients; however, full discussion
here is beyond the scope of this review [23–26]. Current op-
tions available to clinicians are diflusinil and tafamidis.
Diflusinil has limited clinical outcomes data and off-target,
non-steroidal anti-inflammatory-related side effects that make
therapy unattractive for majority of patients with HF symp-
toms [19, 20]. Tafamidis is currently approved for use in
ATTR polyneuropathy in Europe, Asia, and Latin America
and has recently gained approval in the USA for use in
ATTR-CA based on data from the ATTR-ACT trial [27,
28]. The trial enrolled patients with clinical evidence of heart
failure or recent heart failure hospitalization and evidence of

cardiac amyloid involvement on biopsy related to either
vATTR or wtATTR [28]. Patients were randomized in a
2:1:2 fashion to tafamidis 80 mg, tafamidis 20 mg, or placebo
daily for 30 months. The 20-mg dose of tafamidis in ATTR-
ACT was derived from historic success in clinical evaluations
of amyloid-related polyneuropathy and pre-clinical data in
ATTR-CA, whereas the 80-mg daily dose was exploratory
and based on suggestion of greater TTR stabilization [28].
Outcomes were primarily analyzed through pooled analyses
with both tafamidis doses. Tafamidis significantly reduced the
hazard ratio for all-cause mortality by 30% and relative risk
ratio for frequency of cardiovascular-related hospitalization
by 32% [29•]. Functional and quality of life measures,
assessed by a 6-min walk test and Kansas City
Cardiomyopathy Questionnaire-Overall Summary (KCCQ-
OS) score, declined in all patients, but the decline was reduced
significantly in the pooled tafamidis group as compared with
placebo. Overall, adverse event rates were similar between
tafamidis and placebo with rates of discontinuation being
higher in the placebo arm. On subgroup analysis, rates of
hospitalization were reduced with the pooled tafamidis arm
in patients with New York Heart Association (NYHA) class
I or II symptoms while it was increased in subjects with class
III symptoms. Mortality rates were reduced similarly in both
subgroups. Reductions in mortality and hospitalization were
consistent across vATTR and wtATTR subgroups and with
the use of both tafamidis doses. In summary, tafamidis re-
duced rates of mortality and hospitalization in patients with
ATTR-CA regardless of subtype and significantly reduced the
decline in functional and quality of life measurements. When
analyzing the data between the two doses of tafamidis used in
the trial, there were no differences in outcomes. This would
suggest that greater TTR stabilization rates do not correlate to
an improved clinical outcome.

Application of the ATTR-ACT trial results to clinical prac-
tice warrants review of two aspects of the trial: patient identi-
fication and dose selection. To be included within the trial,
patients were required to have confirmed ATTR deposits
through biopsy, which may hinder real-world application
[28, 29]. The evolution and adoption of diagnostic strategies
for ATTR-CA that may obviate the need for biopsy in select
ATTR-CA patients would lower a potential barrier to the clin-
ical use of tafamidis. One noninvasive strategy evaluated for
the diagnosis of ATTR-CA was the combination of radionu-
clide bone scintigraphy and studies for monoclonal proteins to
aid in ruling out AL-CA. A finding of grade 2 or 3 myocardial
radiotracer uptake on radionuclide bone scintigraphy com-
bined with negative studies for monoclonal proteins (defined
as the absence of a band on immunofixation electrophoresis of
serum and urine, and a serum free light chain ratio between
0.26 and 1.65) provided 100% specificity and 70% sensitivity
when compared with results from ATTR-CA biopsy [30•].
This data supports that it is reasonable to use this strategy as
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a diagnostic surrogate for cardiac biopsy, which has been
adopted by expert consensus diagnosis recommendations [5,
31••]. However, failing to appreciate the presence of mono-
clonal protein could overlook the diagnosis of AL-CA which
could lead to withholding appropriate treatment and quicken-
ing mortality. Clinicians should be cautioned against using
positive scintigraphy studies without negative tests for mono-
clonal protein as the specificity of these tests alone for the
positive biopsy of ATTR-CA presence was only 68% based
on grade 1–3 uptake and 87% when using grade 2–3 uptake
[30•]. It was also noted that 41% of patients with either grade
0–1 scintigraphy result or testing suggestive for monoclonal
protein ultimately had positive ATTR-CA deposits on biopsy.
Thus, the combination of scintigraphy and monoclonal testing
for ATTR-CA diagnosis has a clear role and place in therapy
but has not eliminated the need for biopsy.

Tafamidis has been approved by the FDA as two equiva-
lent oral dosage forms, tafamidis meglumine (Vyndaqel®) at
80 mg once daily and tafamidis (Vyndamax®) at 61 mg once
daily [27]. The tafamidis meglumine dosed at 80 mg once
daily is the dosage form used in the ATTR-ACT trial and is
dispensed as four 20-mg capsules, whereas the tafamidis
61 mg once daily dosage form is a single capsule providing
an equivalent dose of 80 mg of tafamidis meglumine. Despite
serving as a novel, successful target for the treatment of
ATTR-CA, tafamidis therapy adoption may be challenged
by financial considerations. Based on 2019 costs for tafamidis
and a US health care perspective, tafamidis was found cost-
ineffective, requiring a 92.6% reduction in cost to reach a cost-
effectiveness threshold of $100,000 per quality-adjusted life
year [32]. With appreciation of similar clinical outcomes be-
tween the 80-mg and 20-mg doses in the ATTR-ACT study,
consideration could be given to the use of tafamidis
meglumine 20 mg daily in an effort to provide a 75% reduc-
tion in raw drug price. Titration from 20 to 80 mg daily of
tafamidis would not be expected to stop disease progression in
ATTR-CA given ATTR-ACT showed no significant differ-
ences when evaluating the clinical outcomes between the two
doses studies [29•].

Currently, TTR stabilizer therapy, primarily tafamidis, has
a role in patients with symptomatic ATTR-CA. A point of
consideration to be addressed by future studies would be
whether earlier initiation of TTR stabilizer therapy would
serve to improve clinical outcomes by limiting amyloid fibril
deposition. This notion of improved outcomes resulting from
earlier intervention has been suggested from data on tafamidis
in polyneuropathy [33]. Specifically, patients with
polyneuropathy initially treated with tafamidis versus placebo
for 12 months followed by conversion to open-label tafamidis
were less likely to progress for up to 6 years of follow-up,
suggesting a durable effect with early intervention.
Improved recognition of ATTR-CA spurred by new diagnos-
tic strategies and availability of treatment options will aid

clinicians in providing effective management of ATTR-CA.
However, further clinical evaluation is needed to determine
the optimal point at which the balance of therapy provision
versus resource utilization will favor patient outcomes.

Fibril Removal/Disruption

Amyloid fibril disruption is a therapeutic target aimed at halt-
ing ATTR disease progression and possibly reversing amyloid
aggregation. Emerging therapies have mixed mechanisms of
action impacting amyloid fibrils themselves or other ancillary
targets associated with amyloid deposits. Doxycycline, a tet-
racycline antibiotic, was studied in familial amyloid
polyneuropathy (FAP) mouse models and found to disrupt
ATTR deposits and lower markers associated with amyloid
affected tissues, matrix metalloproteinase-9 (MMP-9) and se-
rum amyloid P component (SAP), suggesting a positive clin-
ical impact [34]. Tauroursodeoxycholic acid (TUDCA), an
endogenous bile acid, significantly reduced fibril aggregation
and decreased biomarkers for apoptosis and oxidation [35].
The combination of doxycycline and TUDCA, in FAP mice,
was synergistic, lowering ATTR deposition and associated
tissue markers, MMP-9 and SAP, greater than with either
agent independently [36]. The identification of doxycycline/
TUDCA synergy led to a phase II open-label trial of doxycy-
cline 100 mg orally twice and TUDCA 250 mg orally thrice
daily in 20 patients with ATTR amyloidosis [37]. Over
12 months, NYHA functional class, mean left ventricular wall
thickness, and neuropathic involvement remained stable.
Medication side effects were mild with events leading to ther-
apy discontinuation including nausea and gastric pain.

Currently, a randomized phase III study comparing
doxycycline/TUDCA to supportive therapy is underway with
an expected completion date of April 2021 [38]. This trial
utilizes 18-month survival as an endpoint and is of significant
interest due to the low cost of doxycycline/TUDCA compared
with other therapies, such as tafamidis, which may facilitate
clinical application. Ursodeoxycholic acid (UDCA) is a sec-
ondary bile acid with efficacy similar to TUDCA when com-
bined with doxycycline and has been examined in 2 studies of
patients with ATTR-CA [39, 40]. First, a phase II 18-month
prospective study of 28 patients treated with doxycycline
200mg/day, with 2 weeks of intermittent discontinuation after
4 weeks of therapy, and consistent UDCA 750 mg/day was
studied [39]. Disease stability was not achieved based on
worsening prognostic markers at 12 and 18 months into treat-
ment. Lack of efficacy in the study was possibly due to a high
dropout rate of 14% and the study design of intermittent doxy-
cycline discontinuation. Conversely, a larger, uncontrolled
evaluation of 53 patients treated with consistent
doxycycline/UDCA found no significant change in NYHA
functional class, cardiac troponins, or echocardiographic pa-
rameters over 22 months suggesting stabilization of disease
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progression [40]. Patient-reported side effects included rash
and gastrointestinal complaints, but larger controlled studies
are needed to gain a better understanding of both safety and
efficacy.

Monoclonal antibodies are another therapeutic option un-
der development as fibril disruptors. Targeting ATTR amy-
loid fibrils, and related substance targets, via antibody inter-
action facilitates local complement activation and phagocyto-
sis of fibril deposits. Dezanizumab is an IgG1 antibody
targeting SAPwhich exists as a protective agent against native
amyloid degradation [41]. A phase I trial examined the admin-
istration of dezanizumab to 16 patients with systemic amy-
loidosis after (R)-1-[6-[(R)-2-carboxy-pyrrolidin-1yl]-6-oxo-
hexanoyl]pyrrolidine-2-carboxylic acid (CPHPC) was admin-
istered to remove serum SAP, thus allowing the antibody to
target SAP within amyloid deposits thus making the fibrils
susceptible to natural clearance [42]. Amyloid load was re-
duced in the liver, spleen, and kidney following dezanizumab
administration in AL and ATTR amyloid patients [42].
However, as there were few ATTR participants in the study
and a lack of clinical outcomes, application of this data is
limited and future clinical evaluations are needed to under-
stand dezanizumab’s potential role in therapy.

Finally, PRX004 is an investigational monoclonal antibody
designed to target a novel epitope on ATTR fibrils and de-
posits [43]. An in vitro study resulted in PRX004 inhibition of
fibrillogenesis and encouraged antibody-induced phagocyto-
sis of ATTR deposits [43]. Currently, PRX004 via intrave-
nous infusion is undergoing a phase I clinical trial with an
anticipated 36 participants and expected completion date of
November 2021; however, future evaluations with clinical
outcomes will still be needed [44].

Conclusion

At present, tafamidis is the most effective and clinically rele-
vant TTR-directed therapy for ATTR-CA given mortality risk
reduction over its study period. As therapeutic innovations
progress, the emergence of useful treatments for ATTR-CM
will give options for patients suffering from this condition.
One important challenge associated with TTR-directed thera-
pies, at least in the early years of treatment availability, will be
balancing cost effectiveness from a societal and healthcare
system perspective. With new potential therapeutic targets,
clinicians are apt to have a greater appreciation for the pres-
ence of ATTR-CA and the potential to improve patient
outcomes.
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