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Transthyretin (TTR) is a tetrameric protein synthesized mostly by the liver. As a result of gene mutations or as an ageing-related phenom-
enon, TTR molecules may misfold and deposit in the heart and in other organs as amyloid fibrils. Cardiac involvement in TTR-related
amyloidosis (ATTR) manifests typically as left ventricular pseudohypertrophy and/or heart failure with preserved ejection fraction. ATTR
is an underdiagnosed disorder as well as a crucial determinant of morbidity and mortality, thus justifying the current quest for a safe and
effective treatment. Therapies targeting cardiac damage and its direct consequences may yield limited benefit, mostly related to dyspnoea
relief through diuretics. For many years, liver or combined heart and liver transplantation have been the only available treatments for
patients with mutations causing ATTR, including those with cardiac involvement. The therapeutic options now include several pharmaco-
logical agents that inhibit hepatic synthesis of TTR, stabilize the tetramer, or disrupt fibrils. Following the positive results of a phase 3 trial
on tafamidis, and preliminary findings on patisiran and inotersen in patients with ATTR-related neuropathy and cardiac involvement, we
provide an update on this rapidly evolving field, together with practical recommendations on the management of cardiac involvement.

Keywords

Introduction

Transthyretin (TTR) is a highly conserved protein involved in trans-
portation of thyroxine (T4) and retinol-binding protein. TTR is syn-
thesized mostly by the liver and is rich in beta strands with an
intrinsic propensity to aggregate into insoluble amyloid fibres.”
Fibrillogenesis requires the dissociation of TTR homotetrameric
structure into misfolded monomers that self-assemble in soluble
oligomeric species, presumably amyloid fibril precursors, which
seem to exert significant cytotoxic effects in tissues.” Afterwards,
oligomers aggregate into protofibrils and finally mature amyloid
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fibres, which deposit within tissue leading to the development of
TTR-related amyloidosis (ATTR).!

ATTR can follow the deposition of either variant TTR (ATTRy,
previously known as mutant ATTR)® or wild type TTR (ATTRwt).
Single base substitutions resulting in missense mutations represent
the majority of the genetic alterations in ATTRv.* More than 120
pathogenic mutations in the TTR gene have been described, resulting
in a variable phenotypic presentation, ranging from pure polyneurop-
athy with autonomic dysfunction, to mixed neurological and cardiac
presentation, and to selective cardiac involvement.” The variant most
commonly associated to cardiomyopathy is V122, which is found in
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3.4% of African Americans.” Outside the US, the V30M is the most
frequent pathogenetic variant, with the phenotype varying by region.*
V30M is the most common TTR variant in patients with ATTRv with
polyneuropathy, especially in endemic areas in Portugal, South
America, Sweden, and Japan. In endemic areas, the disease may pre-
sent as an early-onset (<50years), rapidly progressive polyneurop-
athy, while in other regions it occurs as an isolated progressive
polyneuropathy, apparently sporadic in elderly patients, frequently
with a predominant cardiomyopathy.® Other variants affecting pri-
marily the heart are T60A, L111M, and 168L*

Accurate statistics on the prevalence of ATTRYv are difficult to ob-
tain. Among Americans of European descent, it has an estimated inci-
dence of 0.4 per million people/year, while this condition is believed
to be more common among people with African ancestry and in spe-
cific geographic areas, such as northern Portugal or some regions of
West Africa.* Conversely, ATTRwt is a sporadic disorder with no
specific biomarkers for its diagnosis, and most often affecting aged
men (around 80% of cases).* An autopsy study reported amyloid de-
position in 25% of patients older than 85 years,” although the clinical
relevance of such deposits is undetermined, and it is reasonable to as-
sume that only severe and widespread amyloid accumulation can
produce disease manifestations by itself.

Cardiac ATTR should be searched in patients symptomatic for
heart failure (HF), syncope, or bradyarrhythmia, with imaging find-
ings suggestive of cardiac amyloidosis. In endemic areas, in patients
with a positive family history, the diagnostic process is facilitated
by the prototypic clinical presentation and the detection of the
TTR variant, while the diagnosis is usually delayed in patients who
have no family history. The presence of cardiac abnormalities
including intracardiac conduction disorders, symptoms of dysauto-
nomia, ruptured distal biceps tendon and carpal tunnel syndrome
should suggest the diagnosis of ATTR amyloidosis. Cardiac in-
volvement may manifest with left ventricular (LV) pseudohyper-
trophy and/or overt HF with preserved ejection fraction, possibly
accompanied by conduction disturbances or arrhythmias. ATTR
cardiomyopathy should be differentiated from ventricular hyper-
trophy secondary to pressure or volume overload, as well as from
primary hypertrophy due to sarcomere gene mutations, other infil-
trative conditions, or other aetiologies.8 Cardiac ATTR should be
considered in all patients who have LV wall thickening, especially
when QRS voltages are normal or low and the LV is not enlarged;
the likelihood of diagnosis increases when cardiac biomarkers (tro-
ponins and/or natriuretic peptides) are increased, and symptoms
or history of peripheral or autonomic neuropathy coexist.”'® The
diagnosis can be made either through the demonstration of TTR
amyloid deposits on the endomyocardial biopsy or following a
non-invasive algorithm in patients with no evidence of a monoclo-
nal protein, where diphosphonate scintigraphy with **™Tc-labelled
radiotracers play a central role’" (Figure 1).

Cardiac ATTR has a favourable survival rate compared to light
chain (AL) amyloidosis, with a median survival of 75 wvs.
11 months.”'® On the other hand, ATTR cardiomyopathy is a pro-
gressive disorder with very limited therapeutic options until very
recently. This field is rapidly evolving, with the positive results of a
phase 3 trial on tafamidis," and preliminary findings on patisiran'?
and inotersen™ in patients with ATTR-related neuropathy and car-
diac involvement, warranting a dedicated review.

Inhibition of the synthesis of
mutated transthyretin

Liver transplantation and combined

liver-heart transplantation
Orthotopic liver transplantation was first proposed in 1990 as a po-
tentially curative treatment of ATTRv-related polyneuropathy.’
Liver transplantation removes the source of mutated TTR molecules
and prolongs survival, with a 20-year survival rate of 55.3%." Higher
body mass index, younger age (<50 years), shorter disease duration,
and V30M vs. non-V30M mutations have been identified as independ-
ent predictors of better survival."® Nonetheless, tissue accumulation
of TTR can continue after liver transplantation, likely because TTR
amyloid fibres promote subsequent deposition of TTRwt. This was
demonstrated in an autopsy study, in which patients not undergoing
liver transplantation showed 60% variant TTR and 40% TTRwt in the
heart, while the variant to TTRwt ratio was 25% to 75% after liver
transplantation."” Furthermore, patients with the V30M mutation
undergoing liver transplantation showed increasing interventricular
septal thickness at serial echocardiographic monitoring, denoting on-
going deposition of TTRwt in the transplanted heart.®

Combined heart and liver transplantation is feasible in younger
patients with ATTRv cardiomyopathy, and small patient series sug-
gest that it is associated with better prognosis than cardiac transplant-
ation alone.” On the other hand, it is currently unclear if liver
transplantation is needed in the V122| mutation (i.e. the commonest
TTR mutation causing cardiomyopathy).* Limited organ availability,
exclusion of older patients and of those with advanced systemic dis-
ease, and risks related to surgery and life-long immunosuppression
represent further problems of liver or combined transplantation.
Liver transplantation is not an option for patients with ATTRwt."”

Inhibition of TTR gene expression

Patisiran is a small interfering RNA blocking the expression of both
variant and wt TTR? It is encapsulated in lipid nanoparticles target-
ing the liver and administered through intravenous infusion.*%?’
A phase 2 study on 29 patients with ATTRv and polyneuropathy
showed that two doses of patisiran 0.3 mg/kg every 3 weeks reduced
mean serum TTR levels by about 80%.>' This potent TTR knock-
down was observed for both ATTRwt and ATTRv (V30M), and in
patients receiving TTR tetramer stabilizers.”’ In the APOLLO phase
3 trial enrolling 225 patients with ATTRv and polyneuropathy, those
on patisiran (0.3 mg/kg once every 3 weeks for 18 months) experi-
enced a significant improvement in neurological status. Severe ad-
verse events had a similar incidence in the patisiran and placebo arms
(28% vs. 36%); common adverse events occurring more frequently
with patisiran included peripheral oedema, infusion-related reactions,
and vision problems."® These results led to the approval of patisiran
for the treatment of adults with AT TRv-related polyneuropathy both
in the USA and in the European Union, although patisiran has been
approved in Europe only for the treatment of mild-to-moderate dis-
ease (Stage 1-2).

In the APOLLO trial, patients with echocardiographic evidence of
cardiac involvement (n = 126, 56% of the total population) in the pati-
siran group displayed significantly lower decrease in cardiac output
and increase in LV end-diastolic volume. Additionally, these patients
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Figure | Diagnostic algorithm for cardiac transthyretin amyloidosis. Dashed line indicates a suggested, non-mandatory step. AL, amyloid light-chain
amyloidosis; ATTR, amyloid transthyretin amyloidosis (ATTRy, variant transthyretin amyloidosis; ATTRwt, wild-type transthyretin amyloidosis);

CMR, cardiac magnetic resonance; HF, heart failure. Modified from Gillmore et a

experienced significant reduction in mean LV wall thickness, relative
wall thickness, LV mass, and N-terminal fraction of pro-B-type natri-
uretic peptide (NT-proBNP) compared with baseline."*** These
findings suggest that patisiran slows down LV functional deterior-
ation, but also promotes favourable myocardial remodelling, an effect
that was not demonstrated for inotersen and is still under investiga-
tion for tafamidis.

Another siRNA, revusiran, was investigated in a phase 3 trial
(ENDEAVOUR), designed to assess 6-min walking distance and
serum TTR levels in 200 patients with ATTRv cardiomyopathy.
Patients were randomized 2:1 to revusiran or placebo, with revusiran
administered subcutaneously at 500 mg daily for 5 days, then weekly
for 18 months.2* The study was discontinued because of ‘an imbal-
ance in mortality observed between patients treated with revusiran
and placebo’. >

The antisense oligonucleotides inotersen inhibits the production
of both variant and wt TTR.>* A single centre, open-label study eval-
uated 15 patients with cardiac ATTR (8 ATTRyv, 7 ATTRwt), receiv-
ing weekly subcutaneous injections of inotersen (300mg) for
12 months. Peak reduction in TTR concentration varied from 39% to
91% (mean 72%). Patients showed a stabilization of disease as meas-
ured by LV wall thickness, LV mass, 6-min walking distance, and global

L11

systolic strain. The treatment was well tolerated, with no changes in
renal function, low rates of thrombocytopenia, or injection site reac-
tions.”* In the multicentre, randomized, double-blind, placebo-con-
trolled, phase 3 NEURO-TTR trial, patients with ATTRv and
polyneuropathy (n=172) were randomized to inotersen (300 mg
weekly) or placebo. After 66 weeks, inotersen was well tolerated and
slowed the decline in neurology scores." Following these results,
inotersen has received FDA approval for patients with ATTRv-
related polyneuropathy. In the NEURO-TTR trial, cardiomyopathy
was present in 63% of patients, but the study was not powered to
measure the effects of inotersen on cardiac disease."

Tetramer stabilization

Selective stabilizers: tafamidis, AG10

The benzoxazole tafamidis is a small molecule that inhibits the dis-
sociation of TTR tetramers by binding the T4-binding sites.”®
Tafamidis has become the first disease-modifying drug to be
approved for use in adult patients with early-stage ATTRv-related
polyneuropathy, while it does not stop disease progression in
patients with Stage 2-3 |;>olyneuropathy.ze"27 It is currently available
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in Europe and Japan for the treatment of AT TRv-related polyneurop-
athy, while it has not received FDA approval.

In a small open-label, single arm trial on patients with mutations
other than the V30M and TTR amyloidosis (i.e. not limited to
ATTRv-related polyneuropathy), tafamidis treatment (20 mg daily)
achieved TTR tetramer stabilization over 6weeks. At 12-month
follow-up, no deterioration in quality of life and cardiac function,
assessed through echocardiographic parameters and plasma NT-
proBNP was reported, with some worsening of neurological func-
tion.?® More recently, the positive results of the ATTR-ACT trial
have raised great interest. In this phase 3 study, 441 patients with
TTR cardiomyopathy (defined as medical history of HF, LV hyper-
trophy at echocardiography or demonstration of TTR amyloid de-
position) were randomized in a 2:1:2 ratio to receive tafamidis 80 mg,
tafamidis 20 mg, or placebo for 30 months."* When comparing the
pooled tafamidis arms (80 mg and 20 mg) with the placebo arm, tafa-
midis treatment was associated with lower all-cause mortality than
placebo [78 of 264 (29.5%) vs. 76 of 177 (42.9%); hazard ratio 0.70,
95% confidence interval (Cl) 0.51-0.96], and a lower rate of
cardiovascular-related hospitalizations with a relative risk ratio of
0.68 (0.48 per year vs. 0.70 per year; 95% Cl 0.56-0.81)."* The
Kaplan—Meier survival curves showed that tafamidis resulted in a re-
duction in all-cause mortality, with the curves diverging after approxi-
mately 18 months of treatment, in agreement with the concept of
tafamidis as a disease-modifying drug.'* Additionally, tafamidis was
able to relieve symptoms, as demonstrated by the lower rate of de-
cline in 6-min walking distance and quality of life (measured through
the Kansas City Cardiomyopathy Questionnaire-Overall Summary)
at 30 months (both P<0.001)."> The drug was also well tolerated,
with a similar incidence and type of adverse events between the tafa-
midis and the placebo group; furthermore, diarrhoea and urinary
tract infections, i.e. common adverse events in patients with ATTR,
were less common among patients receiving tafamidis than pla-
cebo.” A detailed assessment of the effects of tafamidis on NT-
proBNP, troponins and echocardiographic measurements is ongoing.

Across patient subgroups, including ATTRwt vs. ATTRv, New
York Heart Association (NYHA) Class -l vs. Ill, and tafamidis dose
(80 mg vs. 20 mg), the difference in all-cause mortality and frequency
of cardiovascular-related hospitalizations favoured tafamidis over pla-
cebo.'? In contrast, among patients in NYHA Class Il at baseline,
those receiving tafamidis had higher hospitalization rates, possibly be-
cause of a longer survival during a more severe phase of the disease.'”
An adequately powered survival analysis in NYHA Class Ill patients
would be worthwhile.

Following these results, tafamidis has received the Breakthrough
Therapy designation from the FDA for the treatment of patients with
ATTR cardiomyopathy, which may prelude to an accelerated evalu-
ation of tafamidis as a therapy for this condition.

The selective TTR stabilizer AG10 has been evaluated in a phase 2,
randomized, double-blind, placebo-controlled, multicentre study
enrolling 49 patients with symptomatic ATTR cardiomyopathy, both
variant and wt. In November 2018, the positive results of this trial
have been announced. AG10 (400 mg or 800 mg per os twice daily for
28 days) was well tolerated, increased circulating TTR levels (consid-
ered as a positive effect, possibly linked to lower tissue deposition),
and induced near-complete stabilization of TTR. A phase 3 trial is
planned to be initiated in the first half of 2019.%

Non-selective agents: diflunisal

In 2006, a phase 1 study showed that non-steroidal anti-inflammatory
drug (NSAID) diflunisal (250 mg per os b.i.d.), complexes to the T4
binding site and stabilizes TTR tetramers, thus preventing amyloid fi-
bril formation in vitro.>® In a small single-arm, open-label study, diflu-
nisal was not effective in relieving cardiac dysfunction (evaluated as
LV mass, ejection fraction or biomarkers), possibly because of the
limited follow-up duration (0.9 % 0.3 years).*® Diflunisal appeared to
be safe in the same pa‘cients,31 although the adverse effects from a
chronic NSAID treatment are a source of concern.

Inhibition of oligomer aggregation
and oligomer disruption

Epigallocatechin gallate

Epigallocatechin-3-gallate (EGCG) is the most abundant catechin in
green tea.>? Epigallocatechin-3-gallate binds to soluble TTR decreas-
ing the likelihood of tetramer dissociation, inhibits oligomer aggrega-
tion into amyloid fibres, thus promoting the disaggregation of TTR
amyloid fibres.*? In a single centre, open-label study, 30 patients with
cardiac ATTR (both variant and wt) received EGCG 675 mg/day per
os and were compared with 35 cardiac ATTR patients treated with
HF supportive therapy alone. Over 12 months of treatment, EGCG
did not improve survival and did not change echocardiographic
parameters or NT-proBNP, compared with baseline.*®

Degradation and reabsorption of
amyloid fibres

Doxycycline-tauroursodeoxycholic acid
(TUDCA)

Several hydrophobic molecules are effective in destabilizing and dis-
aggregating amyloid fibres, which promote the reabsorption of amyl-
oid deposits by tissue macrophages.’® Tetracyclines, including
doxycycline, proved able to cause complete disaggregation of amyl-
oid fibres in vitro, generating non-toxic molecular species.>* The com-
bination of doxycycline and tauroursodeoxycholic acid (TUDCA)
has a more pronounced effect, causing even complete amyloid clear-
ance from tissues in animal models.>*

In a small phase 2 trial, 28 patients with ATTR received doxycyc-
line and TUDCA for 12 months followed by a 6-month withdrawal
period. The results were modest and difficult to interpret because of
a very high dropout rate (86%) due to treatment failure (expressed
as >30% NT-proBNP increase), side effects and voluntary drop-
outs.®® In a phase 2, open-label study, the treatment was well toler-
ated, and no progression of cardiac involvement and neuropathy was
found in a preliminary analysis on 20 patients.>®

Antibodies targeting serum amyloid P
protein or amyloid fibrils

Serum amyloid P (SAP) is a normal plasma glycoprotein synthetized
by the liver, which stabilizes and protects amyloid fibrils from proteo-
lytic degradation.®” Miridesap is a small molecule that binds circulating
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SAP and promotes its hepatic clearance.®® In 2002, Pepys et al.>’

administered miridesap to 7 patients with systemic amyloidosis,
obtaining more than 90% reduction of circulating SAP. These results
were confirmed by an open label study on 31 patients with advanced
systemic amyloidosis, including 4 with ATTR, receiving subcutaneous
miridesap injections b.i.d. The histological analysis demonstrated a
significant, though incomplete, depletion of SAP within amyloid
deposits.®® In an open-label, single-dose-escalation, phase 1 trial, 15
patients with systemic amyloidosis received miridesap and then a
dose of anti-SAP antibodies proportionate to their amyloid load,
showing an improvement in liver function and a reduction in visceral
amyloid deposits at 6 weeks; patients with cardiac disease were
excluded.*” In an extension phase of the same trial, miridesap therapy
was assessed on 6 patients with cardiac amyloidosis (3 with ATTR).
Neither cardiac adverse events nor improvements in cardiac involve-
ment were reported.*® These results led to a phase 2 study assessing
whether monthly repeated courses of miridesap followed by anti-
SAP antibodies is associated with a reduction in cardiac amyloid load
and improvement in cardiac function in patients with ATTR cardio-
myopathy.*' Patient enrolment was suspended on 22 August 2018,
and a phase 1 trial was simultaneously stopped.** Therefore, the de-
velopment of anti-SAP antibody therapy has stopped and this ap-
proach is no longer evaluated. In contrast, a monoclonal antibody
designed to specifically target TTR amyloid deposits (PRX004) has
entered clinical evaluation with an ongoing phase 1 study on
ATTRv.®

Supportive treatment of cardiac
involvement

Drug therapies

The application of guideline-recommended therapeutic algorithms
for HF* to cardiac ATTR, with regard to therapies targeting cardiac
damage and its direct consequences may yield a partial benefit. Beta-
blockers may be poorly tolerated or contraindicated, for example
because of hypotension, conduction disturbances, or impossibility of
adequately increasing cardiac output, especially in cases with overt
restrictive pathophysiology, when cardiac output becomes critically
dependent on heart rate.*> Angiotensin-converting enzyme inhibitors
or angiotensin receptor blockers (ACEi/ARBs) may be poorly toler-
ated as well, particularly in hypotensive patients. Nonetheless, almost
30% of patients in the ATTR-ACT trial were on beta-blockers or
ACEi/ARB." Because of the lack of evidence on their prognostic im-
pact in cardiac ATTR, no specific recommendation can be made, and
these drugs might be considered in the absence of clear contraindica-
tions, starting from low doses, with slow up-titration and close moni-
toring. Mineralocorticoid receptor antagonists are frequently and
safely used. Diuretic therapy is essential for dyspnoea relief and is
often needed in high doses to reduce pulmonary and peripheral con-
gestion, particularly in patients with severe diastolic dysfunction, al-
though care should be taken to avoid worsening renal function and
excessive preload reduction. Digoxin has been traditionally contrain-
dicated because of old reports of increased toxicity in patients with
amyloid cardiomyopathy,'® but a recent report suggests that it may
be cautiously utilized in AL amyloidosis, at low doses and with

frequent drug concentration monitoring, while no data are available
in TTR amyloidosis.*® Finally, non-dihydropyridine calcium channel
blockers are contraindicated because of their negative inotropic
effect.

Patients with cardiac amyloidosis have an increased risk of atrial
thrombosis even in sinus rhythm, likely because of a loss of atrial
mechanical function.*’” Anticoagulation with either warfarin or the
novel oral anticoagulants can usually be safely prescribed to patients
with ATTR, with the same indications than in other disease settings
because of the absence of any specific evidence. In a recent study on
58 patients with cardiac amyloidosis (50% with ATTR) referred to
direct-current cardioversion for atrial arrhythmias, there was a high
cancellation rate because of intracardiac thrombi even among
patients who received adequate anticoagulation; performing a trans-
oesophageal echocardiogram before DDCV is then advisable.*®

Implantable cardioverter-defibrillator

Sudden cardiac death has a high incidence and may result from
tachyarrhythmias, but more often from electromechanical dissoci-
ation or arrhythmias not amenable to implantable cardioverter-
defibrillator (ICD) therapy. This point has been most extensively
studied in cardiac AL amyloidosis.*” In a study on 53 patients with
cardiac amyloidosis (33 AL, 10 ATTRwt, and 9 ATTRv), who
received an ICD for either primary (n=41) or secondary prevention
(n=12), the rate of appropriate ICD shocks was 32% in the first year
and was observed almost exclusively in patients with AL amyloid-
osis.>® Appropriate ICD shocks were more frequent in patients
implanted for secondary prevention, and did not translate into overall
survival benefit. Higher defibrillation thresholds and complication

rates represent further concerns.>’

Cardiac pacing

The infiltration of myocardial tissue by amyloid fibres predisposes to
bradyarrhythmias. In a large series of patients with ATTRv-related
polyneuropathy (n=262), prophylactic pacemaker was implanted in
patients (n=100) with His-ventricular interval >70ms, His-
ventricular interval >55 ms associated with a fascicular block, a first-
degree atrioventricular (AV) block, or a Wenckebach anterograde
point <100 b.p.m. Over a mean 45-month follow-up, a high-degree
AV block was documented in 24 of the 95 patients (25%). The risk of
high-degree AV block was higher in patients with first-degree AV
block or Wenckebach anterograde point <100 b.p.m. (hazard ratio
3.5; 95% confidence interval 1.2—10).%% Although a screening electro-
physiological study cannot be proposed to all TTR patients, these
findings suggest that any conduction disturbance on 12-lead electro-
cardiogram (ECG) warrant further investigations, including at least
ECG long-term Holter monitoring and close follow-up.

Left ventricular assist device and cardiac

transplantation
Left ventricular assist device therapy is technically feasible in patients
with cardiac amyloidosis but is associated with high short-term mor-
tality and worse outcome than in dilated cardiomyopathy, as in other
forms of restrictive cardiomyopathy.>>>*

Isolated cardiac transplantation is a valuable option for patients
with end-stage HF when significant extracardiac disease is excluded.
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Continued

Table |

Approved indications (FDA/

EMA, February 2019)

Main efficacy results

Population

Design

Author, year

Drug

® Oral EGCG (500-700 mg

daily) either through 1.5-2 L

of green tea daily or green tea

extracts for 12 months

® Systemic amyloidosis No efficacy data on the subset with ® FDA: not approved
® EMA: not approved

® Phase 1, open-label, single-

Richards, 2018

Miridesap + anti-SAP

ATTR cardiomyopathy

® n=23 (cardiac involve-

dose-escalation trial

antibody (dezamizumab)

ment,n=6; ATTR car-

® Cycles of sc miridesap +

:3)

diomyopathy, n

ATTR or AL

dezamizumab

NA (stopped)

® Phase 2, open-label trial

NCT03044353*

cardiomyopathy

® Cycles of sc miridesap +

dezamizumab

Drug approval status by the Food and Drug Administration (FDA) or European Medicines Agency (EMA) refers to the treatment of TTR amyloidosis.

AE, adverse event; ATTR, transthyretin amyloidosis (AT TRy, variant transthyretin amyloidosis; ATTRwt, wild-type transthyretin amyloidosis); Cl, confidence interval; CMR, cardiac magnetic resonance; CV, cardiovascular; EGCG, epigalloca-

techin-3-gallate; KCCQ-OS, Kansas City Cardiomyopathy Questionnaire Overall Summary; LV, left ventricular; LVEF, left ventricular ejection fraction; LVM, left ventricular mass; 6MWD, 6-min walking distance; NA, not available; NT-

proBNP, N-terminal fragment of pro-B-type natriuretic peptide; RR, relative risk; SAP, serum amyloid P component; UT], urinary tract infection.

In a case report, no recurrence of amyloid in the cardiac allograft and
no systemic abnormalities were reported 5 years after heart trans-
plantation.>®> A second patient with the same mutation was well
3 years later, with no evidence of allograft or systemic amyloid depos-
ition.>® Among 10 patients (2 ATTRwt, 7 ATTRy, 1 undetermined),
there was only one episode of amyloid recurrence in the cardiac
graft.>” The Stanford cardiac transplantation evaluation guidelines for
ATTR summarize the screening examinations for transplantation
candidates.*®

Which therapy for ATTR
cardiomyopathy?

Table 1 summarizes evidence from clinical trials on the therapies for
cardiac ATTR. The estimated prevalence of ATTR is increasing as a
result of greater knowledge of the disease and more widespread
availability of techniques for non-invasive assessment, such as
diphosphonate scintigraphy. Cardiac involvement is a common fea-
ture of ATTR and a crucial determinant of morbidity and mortality,
which justifies the current quest for safe and effective therapies. Until
very recently, no evidence-based therapeutic options were available,
also because patients with cardiac amyloidosis were systematically
excluded from clinical trials on HF drugs, and dedicated, adequately
powered trials were not performed. Liver transplantation (either
alone or combined with heart transplantation) represented the only
strategy impacting on patient prognosis, but was reserved to a small
minority of patients because of the inherent limitations of transplant-
ation and the uncertain benefit except for patients carrying the V30M
mutation. A deeper understanding of ATTR pathogenesis has led to
the assessment of other strategies to block transthyretin synthesis or
to target other steps of the amyloidogenic cascade (Take home figure).
Positive results in a phase 3 trial on the specific setting of ATTR car-
diomyopathy have been found only for tafamidis. In the foreseeable
future, this drug may become the first approved drug for ATTR car-
diomyopathy and the standard of care for this condition, particularly
in patients in NYHA Class HI.'> The other most promising
approaches are patisiran and inotersen, which might prove even
more effective than tafamidis as they block TTR synthesis, instead of
stabilizing TTR tetramers. Hopefully, multiple therapeutic options
will become available, allowing clinicians to tailor the therapeutic
strategy on each patient, given the differential characteristics in terms
of safety and efficacy. For instance, should patisiran and inotersen be
proven equally effective, patisiran could be preferred for a patient
receiving anticoagulants for atrial fibrillation, as therapy with ino-
tersen may cause thrombocytopenia, and therefore increase the
bleeding risk;'*'* inotersen should generally not be initiated in
patients with urinary protein to creatinine ratio >1000 mg/g or esti-
mated glomerular filtration rate <45mL/min/1.73m? as treatment
with inotersen can cause glomerulonephritis that may result in
dialysis-dependent renal failure."* Other perspectives for future re-
search are combinations of drugs with complementary mechanisms
of action, cost-effectiveness analyses on novel drugs, and well-
designed studies to evaluate whether drugs for neurohormonal an-
tagonism might have some role as adjunctive therapeutic strategies.
For all these advances to occur, clinicians must become increasingly
aware of red flags for ATTR cardiomyopathy and refer patients with
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Suppression of TTR synthesis
= Liver transplantation (ATTRv)
= siRNA (patisiran)

Tetramer stabilization
Selective agents
+  Tafamidis

= ASO (inotersen) * AG10
Non selective agents
= Diflunisal

Tetramer

‘—__-__——-

Fibril

Folded
monomer
Treatment of cardiac involvement

» Diuretics Amyloi.d .degradation

» ACEi/ARB, MRA (BB, DIG) = Doxycicline + TUDCA Oligomer disruption

« PM (ICD) » Am.[-S.A.P s EGCG

= (LVAD) = Anti-fibrils Ab

= Heart (+- liver) transplantation P
-
*
monomer

Take home figure The pathogenetic cascade of cardiac transthyretin (TTR) amyloidosis and proposed therapeutic approaches for each step.
The more promising approaches, for which a phase 3 study is available, are evidenced in bold, while the least established options are reported in
brackets. Ab, antibody; ACEi/ARB, angiotensin converting enzyme inhibitor/angiotensin receptor blockers; ASO, antisense oligonucleotide; BB, beta-
blockers; EGCG, epigallocatechin gallate; ICD, implantable cardioverter-defibrillator; LVAD, left ventricular assist device; ATTRy, variant transthyre-
tin amyloidosis; MRA, mineralocorticoid receptor antagonists; PM, pacemaker; SAP, serum amyloid P component; siRNA, small interfering RNA;

TUDCA, tauroursodeoxycholic acid.

suspected disease to specialized centres, where the diagnostic suspi-
cion can either be confirmed or discarded, patients can receive state-
of-the-art therapy and being enrolled in clinical trials.

Conflict of interest: CR., unrestricted research grants and fees for
board meetings from Pfizer; M.F., consultancy from Pfizer, Alnylam,
GSK, Prothena; G.M,, consultancy from Janssen, Millennium Takeda,
Pfizer, Prothena, lonis. All other authors declared no conflict of
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