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ransthyretin amyloidosis (ATTR) is instigated

when a transthyretin (TTR) protein, which is

normally produced by the liver, pathologi-
cally misfolds, aggregates into amyloid fibrils, and de-
posits in various tissues causing irreversible damage.
Cardiac ATTR has historically been considered a med-
ical zebra. It was thought to be a rare disease that
required invasive testing for diagnosis and was asso-
ciated with poor outcomes without specific therapies.
Incredible recent advances in the field of ATTR now
allow for rapid noninvasive assessment in most pa-
tients, and we can offer specific disease-modifying
treatments, leading to improved functional outcomes
and prolonged survival.

Once thought to be uncommon, we now recognize
that cardiac ATTR occurs in up to 14% of patients
with heart failure with preserved ejection fraction,”
16% of patients with aortic stenosis undergoing
transcatheter aortic valve replacement,® and 19% of
patients with severe mitral regurgitation undergoing
mitral transcatheter edge-to-edge repair.* Addition-
ally, many patients with bilateral carpal tunnel
syndrome (10%-16%) and lumbar spinal stenosis
(13%-21%) have amyloidosis in the surgical speci-
mens and will develop cardiac involvement.>” More
S0, 3%-4% of African Americans are carriers of the
most common sequence variant (Vali42Ile) and are
at risk for developing ATTR.® Wild-type ATTR is
probably more common than we thought, with 25%
of patients over 80 years of age having evidence of
amyloid deposits on autopsy.’

Systemic involvement of the disease requires
the expertise of multiple specialties to assess
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and treat various manifestations. Some centers
have elected to form multidisciplinary teams to
promote awareness of the disease and help
standardize the care of these complex patients
(Figure 1). Unfortunately, such centers of excellence
are still limited to large academic centers, and ac-
cess to care for patients is still limited across the

country.

TRAINING AND EDUCATION

Increased recognition of ATTR has placed a signifi-
cant focus on clinical training to improve future
patient care access. Because cardiac amyloidosis can
manifest with heart failure, valvular heart disease,
and arrhythmias, it is critical to incorporate ATTR
into the clinical training of general cardiologists,
electrophysiologists, advanced imaging specialists,
interventional cardiologists, and advanced heart
failure cardiologists. Without large randomized
controlled trials to guide us in specific clinical sce-
narios, a multidisciplinary approach is helpful for
diagnostic work-up and nuanced management stra-
tegies. The 2022 American College of Cardiology,
American Heart Association, and Heart Failure So-
ciety of America heart failure guidelines, for the
first time, include an expanded section on the
diagnosis and management of ATTR cardiomyopa-
thy.'® The editors of JACC: Case Reports have also
recognized the significance of ATTR, and there have
been more than 20 manuscripts dedicated to the
unique challenges of diagnosing and managing pa-
tients with ATTR since the journal’s inception.
Increased awareness of the disease and educational
campaigns have led to a substantial increase in the
diagnosis of ATTR cardiomyopathy. Patients are
now identified at an earlier stage of the disease
when treatments could be more effective. The me-
dian duration of symptoms before diagnosis has

https://doi.org/10.1016/j.jaccas.2023.101759
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FIGURE 1 Example Multidisciplinary Team
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Example of a multidisciplinary team involved in the care of patients with systemic amyloidosis and diagnostic work-up. The figure
were created using BioRender. AL = amyloidosis light chain; ATTR = transthyretin amyloidosis; ECG = electrocardiogram; h = healthy;
H/CL = heart to contralateral ratio; SPECT = single-photon emission computed tomography; Tc-99m-PYP = technetium Tc 99 m pyro-
phosphate; wt = wild-type.

decreased from 36 months (2002-2006) to 12 months this can be avoided in most patients in the current

(2017-2021)." era. The introduction of advanced echocardio-
graphic techniques, cardiac magnetic resonance,
DIAGNOSIS and excellent diagnostic performance of bone

scintigraphy has allowed accurate identification of
Diagnosis is often delayed because of a misconcep- cardiac ATTR in most patients. We can reliably rule
tion that ATTR is a rare disease and heterogeneity out light chain amyloidosis with highly sensitive
of clinical presentation. Diagnosis relied on serum-free light chain assays and protein
pathological examination of affected organs, but immunofixation."
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One important caveat when using bone
scintigraphy for diagnosing ATTR is that planar im-
aging must always be accompanied by single photon-
emission computed tomography to verify myocardial
uptake instead of uptake within the blood pool."
Another vital consideration for accurate diagnosis is
excluding light chain amyloidosis, which can have a
similar symptomatic presentation but is associated
with a significantly worse prognosis and requires
chemotherapy-based treatment. Genetic testing
should be performed to exclude variant type ATTR,
which requires family screening and has therapeutic
implications, as discussed herein. Overall, the
diagnosis requires a high index of suspicion.
Several systemic features may alert the clinician to
assess for ATTR, such as heart failure with preserved
ejection fraction, increased left ventricular thickness
with disproportionately normal or low voltage
on electrocardiogram, atrial arrhythmias, carpal
tunnel syndrome, lumbar spinal stenosis, peripheral
neuropathy, autonomic dysfunction, or unexplained
gastrointestinal or  genitourinary = complaints
(Figure 2).

There has been a tremendous advancement in ther-
apeutic options available for patients with ATTR. In
the last 5 years, we went from no available treat-
ments to several US Food and Drug Administration
(FDA)-approved therapies with specific ATTR targets
to improve functional outcomes and prolong sur-
vival (Figure 3). Clinical trials were conducted based
on specific organ involvement, such as poly-
neuropathy or cardiomyopathy. U.S. FDA approval of
these drugs is particular to the organ system for
which the drug was tested. Tafamidis, a TTR stabi-
lizer, was evaluated in patients with cardiac ATTR
amyloidosis (wild-type and variant) and demon-
strated a significant reduction in mortality (HR: 0.70;
95% CI: 0.51-0.96) and reduced -cardiovascular-
related hospitalization (risk ratio: 0.68; 95% CI:
0.56-0.81).'* Another stabilizer, acromadis (AG10), is
currently being investigated for ATTR cardiomyop-
athy.” Liver transplantation has historically been
the only option to reduce TTR production and alter
the course of the disease. RNA silencers work by
inhibiting TTR production in the liver and largely
supplanted the need for liver transplantation. Mul-
tiple agents were evaluated in patients with heredi-
tary ATTR-associated polyneuropathy. Inotersen,
patisiran, and vutrisiran all demonstrated significant
improvement in neuropathy impairment scores and
are all U.S. FDA approved for hereditary ATTR-

associated polyneuropathy.'®'® Gene editing tech-

nology, CRISPR-CAS9, is a Nobel Prize-winning
technology that is quickly gaining attention as a
potential game changer for otherwise incurable ge-
netic diseases. NTLA 2001 (Intellia Therapeutics and
Regeneron Pharmaceuticals) is a CRISPR-CAS9-based
in vivo gene editing platform that has shown
promise as a possible cure in phase 1 clinical trial of
patients with ATTR polyneuropathy.'’

Available data suggest that patients with concom-
itant valvular disease and cardiac amyloidosis tend to
benefit from transcatheter aortic valve replacement
and transcatheter edge-to-edge repair.>* In selected
patients with advanced cardiomyopathy without
significant extracardiac manifestations, cardiac
transplantation is associated with
outcomes.?°

excellent

Despite incredible advances in therapeutics, access
remains an issue because of the high cost. The current
price of tafamidis is $225,000 per year, and the cost of
RNA silencers are around $450,000 per year.”
A recent cost analysis demonstrated that a 92.6%
price reduction to $16,563 per year would be neces-
sary to make tafamidis cost-effective at $100,000 per
quality-adjusted life-year.*"-*?

Whereas RNA silencers are only approved for
ATTR-associated polyneuropathy, ongoing studies
are evaluating RNA silencers for cardiac ATTR and are
showing promise. Other therapies being evaluated are
monoclonal antibodies against misfolded TTR pro-
tein, which can bind to monomeric and misfolded
TTR, targeting them for degradation and thus inhib-
iting amyloid production.?3*#

Currently, approved therapies are only available
for patients with an established diagnosis of ATTR
cardiomyopathy or polyneuropathy, but there is a
substantial number of people who carry pathogenic
mutations who are at risk of developing this debili-
tating disease. The goal is to initiate therapy early in
the disease course when it is associated with the
greatest benefit."* The holy grail of therapy for ATTR
is to initiate treatment before the phenotypic mani-
festations. The potential promise of CRISPR-CAS9
may offer a cure for patients with a genetic predis-
position. We can also test already approved therapies
in this patient population, but this may be limited by
the current high cost and need for a large sample size
to demonstrate effectiveness. Alternatively, diflu-
nisal, which has shown benefit but is currently
used off-label in patients with ATTR, can be tested in
patients with a genetic predisposition. For other
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FIGURE 2 Systemic Manifestations of ATTR

Gl Manifestations:
« Nausea and vomiting
e Diarrhea
e Severe constipation

Musculoskeletal Manifestations:
¢ Carpal tunnel syndrome
e Lumbar Spinal stenosis
¢ Bicep Tendon Rupture

Other Manifestations:
Abnormal sweating
Heat or cold intolerance
Renal dysfunction
Urinary tract infections
Sexual dysfunction

Cardiac Manifestations:

e Heart Failure syndrome

o Atrial and ventricular
arrhythmias

¢ Aortic Stenosis

e Mitral Regurgitation

b

Neuropathic Manifestations:
e Sensory neuropathy
¢ Motor neuropathy
¢ Autonomic Dysfunction

others. This figure were created using BioRender.

Systemic manifestations of transthyretin amyloidosis (ATTR) include gastrointestinal (Gl), cardiac, musculoskeletal, neuropathic, among

patients, further work is needed to identify ATTR at
an earlier stage of the disease. For example, ortho-
pedic usually precede cardiac
involvement by 5 to 10 years. Some centers routinely

manifestations

send specimens to pathology for Congo red staining
and amyloid typing from carpal tunnel release sur-
gery and lumbar spinal stenosis to identify ATTR, but
unfortunately, this is not the standard of care.”” If we
can identify the disease at that stage and initiate
therapy, we can potentially prevent cardiac mani-
festations, but this remains to be proven in a pro-
spective trial. Because of the increased prevalence of

ATTR in patients with heart failure with preserved
ejection fraction, atrial fibrillation, aortic stenosis
undergoing transcatheter aortic valve replacement,
and severe mitral regurgitation undergoing trans-
catheter edge-to-edge
routinely screening these patients for ATTR cardio-
myopathy, but this is not the standard of care.
Perhaps we need to incorporate such recommenda-
tions into future societal guidelines. There is also

repair, some centers are

emerging data on the use of machine learning to
systematically identify cardiac amyloidosis in pa-
tients with heart failure.”
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FIGURE 3 Pathophysiology and Therapeutic Targets of Systemic ATTR
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TUDCA = tauroursodeoxycholic acid.

Pathophysiology and therapeutic targets of systemic transthyretin amyloidosis (ATTR) are shown. This figure were created using BioRender. TTR = transthyretin;

CONCLUSIONS

We once considered ATTR amyloidosis a medical
zebra, but it is a horse dressed in zebra clothes.
With expanded educational campaigns from multi-
ple societies and advancements in noninvasive
diagnostic strategies, we recognize that ATTR car-
diac amyloidosis is more common than previously
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