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Cardiac amyloidosis: Recent advances in the diagnosis and therapy
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ABSTRACT

Cardiac amyloidosis is a progressive cardiomyopathy in which
misfolded endogenous proteins form amyloid fibrils that de-
posit in the heart as well as kidneys, liver, gastrointestinal tract
and soft tissues. The most common forms of cardiac amyloi-
dosis include immunoglobulin light chain (AL) amyloidosis and
transthyretin (TTR) amyloidosis. Although cardiac amyloidosis
is thought to be a very rare disease, emerging data suggested
that 13% of heart failure patients with preserved ejection frac-
tion and 16—26% of advanced aged patients with severe aor-
tic stenosis may have TTR-cardiac amyloidosis. Amyloidosis
with cardiac involvement shows poor prognosis with a median
survival of 6 months in AL-cardiac amyloidosis and 26—43
months in TTR-cardiac amyloidosis. Early diagnosis and novel
therapeutic options have been shown to significantly improve
prognosis. Recent diagnostic techniques such as cardiac MR
or nuclear scintigraphy using bone isotopes as well as increas-
ingly wide use of echocardiography, genetic testing, biopsy
and histopathological analysis allow the clinicians to make
early diagnosis of cardiac amyloidosis. The aim of this paper is
to provide a comprehensive review including etiology, clinical
presentation, diagnosis and management of cardiac amyloido-
sis and to address recent important advances in noninvasive
cardiac imaging techniques and novel therapeutic approaches
based on the available data in the literature.
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OzET

Kardiyak amiloidoz (KA), katlanmasi bozulan endojen prote-
inlerin amiloid fibrilleri seklinde kalpte ve ¢ogunlukla berabe-
rinde bdbrek, karaciger, gastrointestinal sistem ve yumusak
dokuda birikmesi sonucu ortaya ¢ikan ilerleyici bir kardiyo-
miyopati olarak kabul edilir. En sik gézlenen KA formlari, im-
munglobulin hafif zincir (AL) amiloidozu ve transtretin (TTR)
amiloidozudur. Bugiine kadar KA oldukga nadir gérilen bir
hastalik olarak dislintlmus olsa da ¢ok yeni veriler korun-
mus ejeksiyon fraksiyonlu kalp yetersizligi olgularinin %13 ve
yuksek riske sahip ciddi aort darli§i bulunan yaslh olgularin
%16—-26'sinda TTR-KA bulundugunu gdstermektedir. Kar-
diyak tutulumun bulundugu amiloidozda prognoz kétu olup
AL KA'da ortalama survi 6 ay ve TTR-KA'da ortalama survi
26-43 ay bildiriimektedir. Erken tani ve tedavi yaklasimlari ile
prognozun anlamh duizeltilebildigi gésterilmistir. Kardiyak MR
ve nlkleer kemik sintigrafisi gibi yeni tanisal teknikler ile be-
raber gittikge kullanimi yayginlasan ekokardiyografi, genetik
analiz, biopsi ve histopatolojik testler klinisyene KA'nin erken
tani olanagini vermektedir. Bu belge, KA etiyolojisi, klinik bul-
gulari, tani ve yonetimine iliskin kapsaml bir degerlendirme
ile beraber noninvaziv kardiyak gériintileme ve yeni tedavi
yaklagimlariyla ilgili 6nemli gelismeleri mevcut verilere daya-
narak ele almaktadir.
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1.0 INTRODUCTION - Yiksel Cavusoglu

Diagnostic awareness of cardiac amyloidosis is grad-
ually increasing. However, cardiac amyloidosis is of-
ten missed or overlooked in everyday clinical prac-
tice. As infiltrative myocardial hypertrophy occurs in
the clinical course of the disease, occasionally cardiac
amyloidosis may be confused with hypertrophic car-
diomyopathy or hypertensive left ventricular hyper-
trophy. Also, diagnostic challenges and limited treat-
ment options specific to amyloid are major barriers
for clinicians in diagnosing cardiac amyloidosis.

To date clinicians have remained distant to diag-
nose amyloid as endomyocardial biopsies or other or-
gan biopsies used to make a definitive diagnosis are
invasive and risky procedures, experienced patholo-
gists are needed for histopathological assessments,
and genetic analyses are not widely available diag-
nostic modalities and most importantly, simple and
highly accurate methods are lacking, Furthermore,
even if diagnosed, lack of amyloid-specific treatments
may lead clinicians to overlook the disease. In addi-
tion, even cardiac involvement alone presents diag-
nostic challenges due to the heterogeneity in terms of
etiopathology and clinical types, while often a mul-
tidisciplinary approach involving cardiologists, ne-
phrologists, neurologists, hematologist, radiologists,
genetic and nuclear medicine specialists, and patholo-
gists is needed to make a diagnosis.

However, the diagnosis and management of car-
diac amyloidosis have become less challenging owing
to recent advances in cardiac imaging technologies
including MRI, echocardiography and scintigraphy
as well as novel amyloid-specific treatments and or-
gan transplantations. This paper addresses recent ad-
vances in the diagnosis and management of cardiac
amyloidosis.

2.0 PATHOPHYSIOLOGY AND TYPES OF
CARDIAC AMYLOIDOSIS - Lale Tokgozoglu

Amyloidosis is characterized by aggregation of am-
yloid fibrils and their deposition in various organs.
Under normal conditions, proteins fold to ensure
maximum stability in a given environment. Genetic
or epigenetic factors or environmental factors such as
oxidative stress may impair protein folding, leading to
formation and deposition of misfolded protein aggre-
gates.!"! This deposition and toxic effects of precursor

proteins result in progressive organ dysfunction. Am-
yloid deposition may be localized in a single organ or
systemic with multiple organ involvement.

As various precursor proteins may lead to system-
ic amyloidosis, organs affected by amyloid deposi-
tion, clinical presentation, prognosis and management
may vary depending on the type of protein precursor.
Amyloid fibrils may deposit in the heart, kidney, liv-
er, gastrointestinal tract, lungs or soft tissues. Cardiac
amyloidosis is the organ involvement associated with
the worst prognosis in systemic amyloidosis.

To date, 28 individual precursor proteins have
been shown to deposit as amyloid.” Only a part of
these precursor proteins may accumulate in the heart.
So far, nine different proteins have been found to
cause cardiac amyloidosis.”®! Pathological processes
and clinical course may vary in cardiac amyloidosis
(Fig. 1). The most common form of cardiac amyloi-
dosis may lead to progressive and infiltrative cardio-
myopathy. Cardiac amyloidosis is often difficult to di-
agnose as it is frequently confused with hypertensive
or hypertrophic heart disease. In addition to restrictive
cardiomyopathy, cardiac amyloidosis may also lead to
conduction disorders of the heart and ischemic heart
disease. Potential accumulation of amyloid in the si-
nus node and in the conduction system may result in
atrial arrhythmias and atrial fibrillation. Coronary ar-
tery disease and acute coronary syndromes may occur

PATHOLOGICAL FINDINGS CLINICAL PROCESSES
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Figure 1. Clinical-pathological findings in cardiac amyloido-
sis (Modified from the reference!).
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Table 1. Classification of cardiac amyloidosis types'®

Amyloidosis type Precursor

Comment

Light chain or Light chain/heavy chain
Mutant transthyretin-related

Wild-type transthyretin-related None
Amyloid A
Isolated atrial amyloid

Familial (Fab I1l) amyloidosis Apo A1

Immunoglobulin light chain
TTR point mutation

Serum amyloid A

Atrial natriuretic factor

Systemic plasma cell dyscrasia

Inherited autosomal dominant mutation,
expressed after the fifth decade
Formerly known as senile cardiac
amyloidosis

Sustained inflammatory process, cardiac
involvement rare

Diagnosis before death rare,

features atrial fibrillation

Coronary artery disease

Modified from refrence 5.

as a result of amyloid deposition in intramural coro-
nary arteries. Angiographic differentiation of amyloid
deposition in coronary arteries from atherosclerotic
heart diseases may be very difficult. For a long-time,
cardiac amyloidosis was believed to be a rare condi-
tion. However, currently it is understood that cardiac
amyloidosis may be concealed in many cases of heart
failure with preserved systolic function and this con-
dition may not be as rare as it was believed.

2.1 Classification

Different protein types accumulated in the heart cause
different signs and symptoms. A current classification
of cardiac amyloidosis is presented in Table 1.

2.2 Light Chain (AL, primary amyloidosis) or
Light/Heavy Chain Amyloidosis

Light chain amyloidosis is the most common type of
amyloidosis. Although this is a plasma cell disorder,
clinical manifestations of multiple myeloma do not
occur in most patients. Direct toxic effects of misfold-
ed light chains on myocytes underlie the pathogene-
sis. Cardiac involvement occurs in 50 to 70% of these
patients. In addition, the kidney, liver and nervous
system are involved in disease in~50%, 16% and10%
of patients, respectively.*”

2.3 Mutant transthyretin amyloidosis (mTTR)

Transthyretin (TTR) is a plasma transport protein syn-
thesized in the liver. TTR has been formerly known
as prealbumin and transports the thyroid hormone and
retinol in the plasma. Thermodynamic stability is im-
paired in the mutant protein. In this type of amyloi-
dosis, mutated TTR fibrils induce a proinflammatory

reaction by activating NF-kB. To date, more than 100
TTR mutations have been defined. The most common
3 mutations are Thr60Ala, Val30Met, and Vall22lle.
Cardiac amyloidosis is predominant inThr60Ala and
Val122lle mutations while neuropathy is the predomi-
nant characteristic in the Val30Met mutation (Fig. 2).
Val122]Ile mutation is inherited in an autosomal domi-
nant pattern and becomes clinically manifested by the
age of 8 years in homozygous patients and by the age
of 60 to 70 years in heterozygous patients.®*!

2.4 Wild type transthyretin amyloidosis

(wtTTR amyloid)

Autopsy series reveal that the condition formerly
known as senile cardiac amyloidosis is associated
with transthyretin deposition in the heart. This condi-
tion rarely occurs under the age of 70 years while it is
commonly found in postmortem examinations. wtTTR
is more common among men and is commonly con-
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Transthyretin mutations
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“Neurologic” “Cardiac”

Figure 2. Transthyretin mutations with predominantly car-
diac or predominantly neurologic phenotype (Modified
froml),
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fused with hypertrophic obstructive cardiomyopathy
or hypertensive hypertrophy. Carpal tunnel syndrome
may occur as a manifestation of amyloid neuropathy.
Recent studies have revealed that wtTTR accounts for
10% of cases of heart failure in elderly patients.!”

2.5 AA amyloidosis

In this amyloid type, which is also known as reactive
systemic amyloidosis, serum protein amyloid A de-
posits in the thyroid gland, gastrointestinal tract, liver,
spleen and kidney. Cardiac involvement is very rare.!'?!

2.6 Isolated atrial amyloidosis

Isolated atrial amyloidosis is characterized by the de-
position of atrial natriuretic peptide subunits in the
atrium. Atrial fibrillation is the most common mani-
festation and the condition is very rarely diagnosed
before death.314

2.7 Familial (FAP III) amyloidosis

Apoprotein Al is the precursor protein in this rare
type of amyloidosis. The deposition of this protein
results in coronary artery narrowing leading to signs
and symptoms of coronary artery disease.

3.0 EPIDEMIOLOGY - Yiiksel Cavusoglu

Current epidemiological data indicate that cardiac am-
yloid may not be a very rare condition. In a very recent
prospective study, nuclear scintigraphy scans demon-
strated that wtTTR amyloid was the underlying cause
in 13.3% of patients aged =60 years and hospitalized
with heart failure (HF) with preserved ejection fraction
(pEF) who had the left ventricular hypertrophy (=12
mm).["” This finding suggests that cardiac amyloidosis
accounts for at least one out of 10 cases of HFpEF. In
another study, in 109 patients with an antemortem di-
agnosis of HFpEF the rate of cardiac amyloidosis was
found to be 17% while the rate of cardiac amyloidosis
in 131 control patients without HFpEF was found to
be 5%, indicating that the incidence of wtTTR cardiac
amyloidosis was 3.8 times higher among those previ-
ously diagnosed with HFpEF and these patients were
more likely to develop cardiac fibrosis.!'”! Autopsy
findings suggests that the incidence of amyloid deposi-
tion is 32% in people aged >75 years and 8% in people
aged <75 years. In a Finish postmortem study, the rate
of wtTTR cardiac amyloidosis was found to be 25% in
postmortem histological examinations of myocardial
tissues from people aged =85 years.!"® TTR amyloid

deposition was found to be closely associated with the
age, while the association between amyloid deposition
and sex remained unclear. However a male tendency
has been reported and a more severe amyloid accumu-
lation has been observed in males. In an autopsy series
of people aged >90 years who died from many rea-
sons, cardiac amyloid was detected in 66% of males
and 65% of females.['”" However, in 2/3 of the cases,
amyloid deposition was in form of atrial involvement,
while ventricular involvement was detected in 22% of
this population.

Although mTTR amyloid is quite rare, certain mu-
tations have been reported to be relatively higher in
certain geographic regions, society, or race.!"¥! Over-
all prevalence of mTTR amyloid is estimated to be
1:100.000 in European countries. The prevalence
of Val30Met mutation has been reported at 1:538 in
Northern Portugal and 4% in Northern Sweden. How-
ever, clinical manifestations occur in 80% of cases of
Val30Met mutation while this rate is 11% in Sweden
and underlying cause of this difference remain unclear.
The prevalence of Thr60AlaTTR mutation has been
reported to be 1.1% in Northern Ireland and the preva-
lence of Vall22lle mutation may increase up to 3 to
4% in African-Americans. The onset of amyloid car-
diomyopathy may be delayed until advanced ages and
clinical manifestations of the mutation rarely occur.

As mTTR amyloidosis, AL-cardiac amyloidosis
is a rare type of amyloidosis. Overall prevalence of
the condition is 8 to 12 in a million. The prevalence
of AL amyloidosis was estimated at 3 to 5 in a mil-
lion based on Olmsted County data published in 1992.
91 Symptomatic cardiac involvement occurs in 30 to
50% of patents with AL amyloidosis while 10 to 15%
of cases of AL amyloidosis are associated with mul-
tiple myeloma. Estimated AL amyloidosis prevalence
in the United Kingdom is 10 in a million based on
death reports.”™ The prevalence of AL amyloidosis
was reported to be 3.2 in a million in Sweden, based
on inpatients and outpatients data from medical re-
cords between 2001 and 2008.2!

4.0 PROGNOSIS - Yiksel Cavusoglu

Although overall survival rates are poor, survival is
much better for TTR amyloid compared to AL amyloi-
dosis. A study in African Americans reported that the
mean survival was 27 months in patients with TTR am-
yloid while it was 5 months in patients with AL amyloi-
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dosis.?? Previous studies reported an overall survival
of 5 years, in patients with wtTTR amyloid* How-
ever survival is worst in mTTR amyloidosis compared
wtTTR amyloidosis. In the prospective, multicenter
Transthyretin Amyloidosis Cardiac Study (TRACS),
cardiovascular hospitalization rates and mortality
rates were much higher in patients with mTTR (with
Val122Ile mutation) compared to patients with wtTTR
amyloidosis (64% and 28%; 73% and 22%, respective-
ly).*! In this study, median survival was reported to be
43 months for patients with wtTTR amyloidosis and 26
months for patients with mTTR (with Val122Ile mu-
tation). However, the Transthyretin Amyloid Outcome
Survey (THAOS) published more recently emphasized
that mortality rates were found to be associated with
the severity of cardiac involvement rather than the
presence of a mutation in TTR amyloidosis.*!

AL amyloidosis has the worst prognosis among all
types of amyloidosis types. The survival time is limited
by months. Prognosis is closely associated with cardiac
and other organ involvements. NYHA class III or IV,
severe postural hypotension, blood pressure measure-
ments <100 mmHg, increased natriuretic peptide lev-
els, increased cardiac troponin I or T levels are consid-
ered poor prognostic indicators.*”? The median survival
is 7 to 8 months if both NT-proBNP and troponin levels
are elevated.” The median survival time is estimated 3
months if NT-proBNP levels are >8500 ng/L and blood
pressure measurement are <100 mmHg.*”! The Mayo
Clinical Staging System developed for AL amyloido-
sis is among the most reliable methods to estimate the
prognosis.”?”! In this staging system, NT-proBNP levels
of 21800 pg/mL, troponin-T levels of =0.025 ng/mL
and differences between serum light chains (kappa and
lambda) =18 mg/dL are all included in the classifica-
tion of patients with AL-type amyloidosis, with each
scoring 1 point.” Stage III is particularly associated
with poor prognosis with an estimated median survival
of 3.5-4.1 months. Furthermore, alterations at NT-
proBNP levels have been considered as an indicator of
clinical progression and response to treatment.*"’

5.0 CLINICAL PRESENTATION — Ahmet Celik

5.1 History, signs and symptoms

Patients with cardiac amyloidosis usually present
with dyspnea and clinical symptoms of HF. Although
most patients have HFpEF phenotype, some patients
may present with peripheral edema, hepatomegaly

and ascites. Patients may also develop additional
signs and symptoms such as fatigue, purpura, macro-
glossia, atypical chest pain, palpitations and systolic
murmurs.B! 60 to 65% of patients are males and the
chance of developing cardiac amyloidosis under the
age of 40 is only 1%.5%

Presyncope and syncopes may also be presenting
symptoms.**! Fatigue and weakness may occur as a re-
sult of low cardiac output. Exercise-induced syncope
may occur as a result of failure to maintain cardiac
output and is associated with a high mortality rate.l**!
A number of factors contribute to the development of
syncope. Particularly orthostatic hypotension associat-
ed with excessive use of diuretics and autonomic dys-
function are among important contributing factors for
syncope. Ventricular arrhythmia-induced syncopes are
rare. Furthermore, results from several studies dem-
onstrate that the placement of an implantable cardio-
verter defibrillator (ICD) may not improve the survival
in patients with cardiac amyloidosis, as the main cause
of sudden death in these patients is electromechani-
cal dissociation rather than ventricular arrhythmias.?
Conduction system abnormalities may be seen in all
forms of amyloidosis. Although mainly the sinus node
is affected, based on pathological findings, major elec-
trophysiological problems occur in the His-Purkinje
system.* Progressive disorders of the conduction sys-
tem are rare and when such disorders occur, they may
be overlooked as surface electrocardiograms may fail
to reveal them in patients with AL cardiac amyloidosis.
71 Progressive cardiac conduction disease may occur
both in wtTTR amyloidosis and mTTR amyloidosis
and often necessitate pacemaker implantation.

Amyloid deposition usually becomes manifest as
angina, claudication and purpura by affecting smaller
vessels. Microvascular angina may occur when small
vessel of the heart and intramyocardial vessels are af-
fected and coronary arteries may be normal or non-
critical plaques may be reported on coronary angiog-
raphy.’® Amyloid deposition in the pericardium may
rarely lead to pericardial effusion.”**! One should keep
in mind that clinical manifestation of cardiac tam-
ponade may occur without echocardiographic signs
and symptoms of cardiac tamponade in patients with
moderate to large pericardial effusion, as filling pres-
sures are elevated.

Signs and symptoms of TTR amyloidosis are sum-
marized in Figure 3. Signs and symptoms of cardiac



Turk Kardiyol Dern Ars

PNS symptoms
Systemic peripheral

sensorial-motor
neuropathy

Bilateral carpal

tunnel syndrome

Autonomic
neuropathy
Orthostatic hypotension
Erectile dysfunction
Urinary retention

CNS symptoms
Progressive dementia,
headache, ataxia,
seizures, spastic
paresis, stroke-like
episodes

Renal symptoms
Proteinuria,

azotemia,
kidney failure

Ocular symptoms
Vitreous opacities,
glaucoma, abnormal
conjunctival vessels,
papillary
abnormalities

Cardiovascular
symptoms
Cardiomypathy,
arrhytmias, blocks,
cardiac hypertrophy,
HF-pEF

GIS symptoms
Chronic diarrhea,
severe constipation,
easy satiety,
unexpected
weight loss

trointestinal system).

Figure 3. Common symptoms in patients with TTR amyloidosis (CNS: Central nervous system,
PNS: Peripheral nervous system; HFpEF: Heart failure with preserved ejection fraction; GIS: Gas-

involvement were identified in 42.1% of patients in
the THAOS study.*”’ Presenting symptom may be
cardioembolic stroke or atrial fibrillation as often
observed in patients with wtTTR, in particular. In a
study in autopsy or tissue samples of 56 patients with
AL amyloidosis and 61 patients with any other type
of amyloidosis, patients with AL amyloidosis had
an higher incidence of intracardiac thrombosis (51%
vs. 16%, p<0.001) and were more likely to experi-
ence fatal embolic events (26% vs. 8%, p=0.03), even
though they were younger than patients with other
types of amyloidosis. The risk for thromboembolism
was found to very high in the presence of atrial fibril-
lation in patients with AL amyloidosis."*'! Anesthesia,
paresthesia and pain, orthostatic hypotension, bladder
dysfunction may occur both in AL amyloidosis and
mTTR amyloidosis. Carpal tunnel syndrome may oc-

cur in AL, wtTTR or mTTR amyloidosis. Cases of
bilateral carpal tunnel syndrome can be observed in
TTR amyloidosis and often requires surgical inter-
vention. The estimated incidence of bilateral carpal
tunnel is about 33% in patients with wtTTR and 29%
in patients with mTTR. Poor appetite, easy satiety and
weight loss may be observed due the involvement of
other organs in the disease.

The examination of patients with cardiac amy-
loidosis may reveal a variety of symptoms including
increased Jugular venous pressure, edema, ascites,
hepatomegaly, low blood pressure, arrhythmia (atrial
fibrillation), purpura, cardiac cachexia.®!

Hypotension may occur secondary to low cardiac
output or other reasons. Blood pressure should be
measured in lying, sitting and standing positions to
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Table 2. Signs and symptoms suggestive of cardiac amyloidosis

The primary determinant of diagnostic process is the suspicion of cardiac amyloidosis

Heart failure with preserved ejection fraction (particularly in the presence of ventricular hypertrophy in male patients above

the age of 60)

Elderly patients with low cardiac output, low-gradient aortic stenosis

Signs of right-sided heart failure including loss of appetite, hepatomegaly and ascites

Hypotension in a patient previously known as having hypertension

Unexplained left ventricular wall thickness of (=12 mm) non-dilated left ventricle

Decreased left ventricular strain with apical sparing on echocardiography

Non-concordance between left ventricular thickness and QRS voltages (absence of low QRS voltage does not rule out

cardiac amyloidosis)

A history of bilateral carpal tunnel syndrome in a male patient with ventricular hypertrophy

Unexplained left ventricular hypertrophy in an elderly man without hypertension should suggest wtTTR amyloidosis

Intolerance to medications that are widely used to treat cardiovascular disorders (digoxin, ACE inhibitors, ARB, beta

blockers, calcium channel blockers)

Pericardial effusion and atrioventricular conduction block in a patient with left ventricular hypertrophy or hypertrophic

cardiomyopathy
Interatrial septal thickening or valvular thickening

ACE: Angiotensin-converting enzyme; ARB: Angiotensin-receptor blocker.

explore a potential orthostatic hypotension. The pres-
ence of orthostatic hypotension is an indicator of a
severe autonomic neuropathy.

Heart sounds usually are normal and a right-sided
S3 sound may be heard in severe right ventricular
dysfunction. S4 sound may be heard in the absence of
atrial fibrillation. Amyloidosis usually does not cause
severe valvular disorder; however, secondary mitral
or tricuspid insufficiency may occur and lead to sys-
tolic murmurs.

Abdominal examination often reveals hepatomeg-
aly and ascites associated with congestion. Spleno-
megaly is a rare finding while peripheral edema is a
common finding and may occur in the legs and sacral
and scrotal areas. Jugular venous pressure is usually
elevated and a potential jugular venous distension
should be explored both by inspecting the jugular
vein and by testing hepatojugular reflux in the semi-
recumbent position with the head of the bed elevated
to 45 degrees.

The examination of the eyelid is crucial as the ap-
pearance of periorbital purpura in association with
HF is considered to be pathognomonic for cardiac
amyloidosis (particularly for the AL type of amyloi-
dosis).*

5.2 Patient characteristics suggesting cardiac
amyloidosis

First, cardiac amyloidosis need to be suspected to
make a diagnosis of cardiac amyloidosis. Cardiac am-
yloidosis may remain undiagnosed if not suspected.
Table 2 summarizes patients to be suspected of hav-
ing cardiac amyloidosis.[**#¥ Patients with AL cardiac
amyloidosis are typically aged above the age of 40 and
patients with wtTTR amyloidosis are typically aged
above the age of 60 and the prevalence is increasing
in each successive decade. mTTR amyloidosis may
occur at any age between 30 and 70 years.*® Patients
with AL cardiac amyloidosis usually have other or-
gan involvement. The most common manifestations
include nephrotic syndrome, hepatomegaly, periph-
eral neuropathy, macroglossia, purpura and bleeding
diathesis. Out of these, macroglossia and periorbital
purpura are pathognomonic for AL."**!

Clinical phenotype of mutant TTR amyloidosis
varies depending on the location of genetic mutation.
Clinical phenotype may be defined as neuropathy
only, cardiomyopathy only or neuropathy and cardio-
myopathy combined. mTTR amyloidosis should be
suspected in any patient aged above the age of 50 who
presents with unexplained HF and an increased left
ventricular wall thickness or diastolic dysfunction.
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In most elderly patients with wild type TTR amy-
loidosis (senile amyloidosis), amyloid deposition in
the heart may not be clinically relevant. However,
such deposition is associated with atrial amyloidosis
and atrial fibrillation. In very rare cases ventricular
deposition may be massive and may lead to HF. Ven-
tricular amyloid deposition increases with age and is
more common among blacks. Patients with wtTTR
who develop HF are usually older than patient with
AL cardiac amyloidosis and are more likely to develop
left ventricular thickening. Many patients with wtTTR
suffer from carpal tunnel syndrome while TTR deposi-
tion may results in spinal canal stenosis.*>!

6.0 BASIC DIAGNOSTIC APPROACHES
Ebru Ozpelit

6.1 General diagnostic approaches

Clinical suspicion is the most important stage of diag-
nostic approach in cardiac amyloidosis. In the presence
of clinical findings suggestive of cardiac or systemic
amyloidosis, cardiologists should try to confirm the di-
agnosis of amyloidosis if echo reveals remarkable ven-
tricular hypertrophy and ECG reveals low voltage, as
false negative results and low sensitivity constitute an
important challenge with all available diagnostic tests.
Diagnostic approach may differ on an individual basis
on the type of amyloidosis and the organ involved in the
disease. However, a suspicion for cardiac amyloidosis
is usually based on ECHO and ECG findings accom-
panying to clinical signs and symptoms. At this point,
it is crucial to consider clinical signs and symptoms
summarized above. Another factor constituting a chal-
lenge in the diagnosis is that amyloid testing requires
a multidisciplinary approach (in collaboration with
hematology, pathology, radiology, nuclear medicine,
neurology, nephrology, cardiology, rheumatology, gas-
troenterology units) and the awareness and experience
on amyloidosis is low across all these branches. The
protein amyloid may deposit in many organs and signs
and symptoms depend on which organs are affected.
Therefore, clinical signs and symptoms are not spe-
cific for amyloidosis and manifestations may greatly
vary. Furthermore, every complaint of the patient is
often assessed as an isolate complaint and treated by
the relevant branch and this renders it more difficult to
make a diagnosis of systemic amyloidosis.

For instance, a patient who presents with dyspep-
sia, diarrhea and is treated by a gastroenterologist

accordingly may be seen by an orthopedist for com-
plaints associated with carpal tunnel syndrome and
undergo surgery and the same patient may remain un-
diagnosed and sees many physicians for unexplained
weight loss. Such examples are not rare among pa-
tients with amyloidosis.

In a study in more than 500 patients with AL type
amyloidosis, the mean time from the onset of symp-
toms to diagnosis was found to be 2 years.*”? The same
study also demonstrated that patients with amyloido-
sis had to see at least 5 physicians of different special-
ties until being diagnosed with amyloidosis. Although
patients see a cardiologist more frequently compared
to hematologists, oncologists and nephrologists, only
18.7% of the cases of amyloidosis are diagnosed by a
cardiologist.”!

Despite above-mentioned challenges, cardiology
has a favorable position in making the diagnosis of
amyloidosis compared to other branches. As previ-
ously stated, amyloid deposition usually leads to
non-specific symptoms according to the organ which
is affected while cardiac involvement present with a
more pathognomonic symptom that can be identified
by a cardiologist at first glance. Cardiac amyloido-
sis should be thoroughly investigated in each patient
presenting with clinical signs and symptoms of amy-
loidosis along with hypertrophy on ECHO and low
voltages on ECG. ECG, serum biomarkers, ECHO,
nuclear imaging, MRI scans of the heart, genetic
analyses and histopathological assessments should be
used in line with Consensus Algorithm for the Diag-
nosis shown in this paper (see Consensus Algorithm
for the Diagnosis). In the diagnostic process, it is cru-
cial to know limitations, specificity and sensitivity of
each test used in the diagnosis of cardiac amyloidosis.
Factors potentially facilitating to make a diagnosis in-
clude an integral approach and patient assessments by
multidisciplinary councils, if needed.

Although a tissue diagnosis, i.e. histopathological
study, is the gold standard to demonstrate the pres-
ence of amyloid, a cardiac biopsy is not preferred
very often due to the risk for potential complications.
Results from other tissue biopsies (rectum, abdominal
fat pad, oral) may vary from patient to patient as or-
gan involvement may show variations among patients
and sometimes it may show a patchy pattern. Biopsy
site selection should be based on symptomatic organ
rather than the easiness of the procedure. Therefore,
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a single biopsy negative for amyloid cannot rule out
amyloidosis if a high level of clinical suspicion exists.

Sometimes multiple biopsy specimens obtained
from various extra-cardiac organs are needed or mul-
tifocal cardiac biopsies should be performed by expe-
rienced hands to make an accurate diagnosis. More-
over, one should keep in mind that very small and
superficial biopsy specimens or improperly prepared
histology slides may lead to false negative results.
At this point, it is important to inform the patholo-
gist about the high level of suspicion and preferably,
histological examinations should be performed by a
pathologist experienced in this area.

In short; diagnostic assessments of cardiac amyloi-
dosis consists of 4 steps:

1. Suspicion of amyloidosis based on clinical
signs and symptoms,

2. Demonstrating amyloid deposition using spe-
cific imaging methods and tissue biopsy, if
needed,

3. Detecting the amyloid precursor protein lead-
ing to amyloidosis,

4. Assessments of organ involvement

6.2 ECG

Extracellular deposition and electrically silent nature
of amyloid fibrils lead to a low-voltage ECG pattern.
However, ECG studies meeting criteria defining a
low-voltage ECG (a total QRS amplitude of <0.5 mV
in limb leads and QRS amplitude of <1 mV in pre-

Figure 4. Marked low-voltage in limb leads and loss of R wave progression in precordial
leads in a patient with cardiac amyloidosis.
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Figure 5. Atrial fibrillation and pseudo-infarct pattern on ECG in a patient with cardiac
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cordial leads) have been reported at different rates in
various cardiac amyloidosis series. The frequency of
low voltage in the AL cardiac amyloidosis has been
reported to be 60% while this rate may be as low as
20% in TTR amyloidosis.***! In cardiac amyloido-
sis low voltage is particularly apparent in limb leads
(Fig. 4). Poor R wave progression (known as pseudo-
infarct pattern) is observed quite often in precordial
leads (Fig. 5)." Therefore, a non-concordant left ven-
tricular thickness to QRS voltage ratio may be a more
sensitive and specific finding for cardiac amyloidosis
compared to classical low voltage findings. Although
criteria specific to cardiac amyloidosis such as LV wall
thickness/ total QRS voltage ratio have been defined
in certain publication, it is not possible to talk about
an established threshold yet.’” Low voltage ECG is
an early symptom of amyloidosis. It occurs before
any clinical manifestation of heart failure or even be-
fore the left ventricular hypertrophy becomes appar-
ent on ECHO.""! Even though atria are also involved
in the disease to the same extent as the ventricles, p
wave is usually of normal voltage."! Morphological
abnormalities may be observed in the p wave. The
most frequent abnormalities include slowed conduc-
tion and prolonged p wave duration due to the slowed
conduction.P Atrial fibrillation, bundle blocks and
AV blocks are the other EKG findings that may occur
in advanced cases of cardiac amyloidosis."

6.3 Serum biomarkers

Serum biomarkers are used in the diagnostic process as
well as in prognostic evaluation and staging of cardiac
amyloidosis and in the assessment of response to treat-
ment. Serum BNP or NT pro-BNP and cardiac troponin
are the first biomarkers to be tested in a cardiac amyloi-
dosis. Although NT-proBNP levels are elevated in any
patients with heart failure, a disproportionate elevation
occurs in cardiac amyloidosis.”*! BNP elevation re-
sults from both compression of myocytes by amyloid
tissue and elevated filling pressures.”'! Furthermore
light chains in the circulation may lead to NT-proBNP
release via p38 mitogen-activated protein kinase or
directly.®*>! Therefore, with the same hemodynamic
effects higher levels of BNP occurs in AL cardiac amy-
loidosis, compared to the transthyretin type.?

Damage caused by myocyte compression exerted
by amyloid fibrils may lead to increases at troponin
levels. Elevation in troponin levels is usually very
slight and chronic. Unlike patients with MI, rises

and falls in troponin levels do not occur in these pa-
tients.’Y If a patient is suspected of having cardiac
amyloidosis due to disproportionately elevated BNP
levels and mildly elevated troponin levels, the next
step should be making a tissue diagnosis to reveal
the presence and the type of amyloid. As AL cardiac
amyloidosis is the most common type of cardiac amy-
loidosis, first monoclonal protein analysis should be
performed in the urine and serum. Although urine and
serum protein electrophoresis is the most widely used
test for this purpose, the sensitivity of this test is quite
low (66%).°% Currently, monoclonal protein screen-
ing includes serum immunoglobulin free light chain
testing and serum and urine immunofixation testing.
Combined use of four methods including protein elec-
trophoresis, serum immunofixation, serum immuno-
globulin free light chain analysis and urine analysis
may increase the sensitivity up to 98%.1

The “Freelite test” which is considered to be the
current gold standard, is used for serum free light chain
analysis.””l However, most patients with amyloidosis
suffer from kidney failure leading to an increase at
the level of serum free light chains. In this case, it is
recommended to calculate the kappa/lambda ratio or
the difference between the levels of kappa and lambda
chains to prove monoklonal paraproteinemia.®® The
reference range of the ratio of kappa to lambda is 0.26
to 1.65; values >1.65 indicate kappa light chain in-
volvement while values <0.26 indicate lambda chain
involvement.® Lambda chains are more commonly
involved in AL-type amyloidosis. The difference be-
tween the involved and uninvolved light chains has
been described as dFLC. For instance, if lambda free
light chain concentration is 300 mg/L and kappa free
light chain concentration is 20 mg/L in a patient, then
the dFLC will be 280 mg/L. Currently this parameter
is used in the diagnosis and staging as well as in treat-
ment response evaluation.”” However, it should be
kept in mind that an abnormal free light chain ratio or
difference does not necessarily indicate AL-type amy-
loidosis, as the identification of the underlying cause
of amyloidosis may be further challenging in a popu-
lation aged over 65 years, where the rate of MGUS
(monoclonal gammopathy of undetermined signifi-
cance) ranges from 3 to 5%, particularly in the pres-
ence of wtTTR.[I The use of mass spectrometry which
is considered to be the current gold standard becomes
mandatory for amyloid subtyping in such patients, al-
though this method has not been widely used yet.!®"!



Cardiac amyloidosis

11

In addition to these diagnostic tests, routine labora-
tory workup may show abnormalities due to organ in-
volvement in amyloidosis. In particular, hypoalbumin-
emia, proteinuria and hypercholesterolemia may occur
as a result of albuminuria and nephrotic syndrome
which are often present in these patients. Furthermore,
serum alkaline phosphatase, bilirubin and uric acid
levels may be increased and factor X levels may be
reduced if the liver is involved in amyloidosis.”)

In addition to diagnostic purposes, serum bio-
markers are also used for staging purposes. In the
AL cardiac amyloidosis staging developed by Mayo
Clinic, each of dFLC (>18mg/L), troponin T (>0.025
ug/l) and NT-proBNP (>1800 ng/l) criteria scores 1
and patients who meet all three criteria are considered
Stage 3. The mean survival has been reported as 3.5 to
4 months in Stage 3 patients.*

dFLC and NT-proBNP are also used to assess treat-
ment response. Hematological response correlates
with the reduction in the dFLC organ responses corre-
late with the reduction in NTproBNP levels. Hemato-
logical response occurs before the organ response and
is predictive of the organ response.’” A reduction at
NT-proBNP levels is the most significant and objec-
tive sign of organ response in clinical practice.™ A re-
duction of >30% and >300 ng/L indicates the presence
of organ response provided that the baseline value is
>650 ng/L."**" dFL.C may be appropriate to assess he-
matological response in patients with a baseline dFLC
value of >50 mg/L; a 50% reduction with treatment
signifies a partial response while a reduction down to
40 mg/L indicates a very good response.®*!

7.0 DIAGNOSTIC IMAGING MODALITIES
Omac Tiifekcioglu

Current advances in imaging technologies have in-
creased awareness on cardiac amyloidosis. Howev-
er, the diagnosis is often delayed until the advanced
stages and the prognosis at this stage is poor. In the
majority of patients with cardiac amyloidosis, the di-
agnosis is made on the basis of high degree of clinical
suspicion, coupled by history, electrocardiographic
and echocardiographic findings.

7.1 Echocardiography

Cardiac amyloidosis is characterized by concentric
left ventricular hypertrophy with a normal or small
left ventricular size. Left ventricular hypertrophy is

more prominent in aTTR amyloidosis compared to
AL amyloidosis. However, a normal or near-normal
left ventricular wall thickness does not rule out amy-
loid cardiomyopathy. The main echocardiographic
finding is the discordance between left ventricular hy-
pertrophy and ECG findings (normal voltage or low-
voltage pattern on ECG, ECG findings of ventricular
hypertrophy that are disproportionate to actual ven-
tricular hypertrophy).

The paradox between low-voltage ECG pattern and
left ventricular hypertrophy is most prominent in cases
of AL amyloidosis. In aTTR, voltage criteria for the
ECG diagnosis of left ventricular hypertrophy may be
partially met in patients with preexisting hypertension.
In spite of early exaggerated fractional shortening, car-
diac output calculated by volume measurements is low
and diastolic thinning rate of the left ventricular wall
is also decreased. Ventricular outflow obstruction may
occur at early stages and should be differentiated from
other hypertrophic cardiomyopathies. Other findings
on two-dimensional echocardiography include biatrial
enlargement, papillary muscle hypertrophy, atrioven-
tricular valve thickening, hypertrophy in the right ven-
tricular free wall, interatrial septal thickening (missing
“dropout” regions on echocardiography), mild peri-
cardial effusion, intracardiac thrombus despite sinusal
rhythm and granular, sparkling appearance of hyper-
trophic left ventricular myocardium that persists after
adjustments to reduce the gain. The aortic valve is the
most commonly involved valve in amyloidosis. Car-
diac amyloidosis is among the causes of low-output,
low-gradient aortic stenosis.*!+-66!

Diastolic dysfunction precedes systolic dysfunc-
tion and signs and symptoms of congestive heart fail-
ure are associated with diastolic dysfunction rather
than systolic dysfunction. Evidence may often sug-
gest both left ventricular and right ventricular severe
diastolic dysfunction and an exaggerated E/e’ ratio
may be observed even in the presence of early ab-
normal left ventricular relaxation. A progressive and
severe decrease in E” wave by tissue Doppler imag-
ing suggests amyloid cardiomyopathy and may dif-
ferentiate amyloid cardiomyopathy from constrictive
pericarditis and hypertrophic cardiomyopathy which
are associated with milder decreases in E’ wave. Tis-
sue Doppler imaging may also reveal slower S veloci-
ties.[*”l Amyloid accumulation is more prominent at
basal segments while it is relatively milder at apical
segments (spared apical areas) as a result of myocar-
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Figure 6. Thickened atrioventricular valves, concentric left ventricular hypertrophy, right ventricular
hypertrophy, pericardial effusion and thickened interatrial septum on two-dimensional echocardiog-
raphy (A).Severe restrictive filling pattern by Doppler, significantly reduced é wave and an exagger-
ated E/e’ ratio (B, C). Reduced left ventricular global longitudinal strain by speckle strain imaging,
in addition strain measurements are decreased in certain basal segments whereas apical region is

spared (D) Gradient from the basal segments to the apex (E).

dial fiber array of the left ventricle. Typical signs of
involvement in amyloidosis, including spared apical
deformation and severely impaired basal deforma-
tion, may be shown by echocardiography imaging
modalities using deformation techniques (Fig. 6).

Apical sparing observed in deformation imaging
may differentiate amyloidosis from left ventricular
hypertrophy associated with aortic stenosis or hyper-
trophic cardiomyopathy with a sensitivity of 93% and
a specificity of 82%.I*! A septal apical to basal longi-
tudinal strain ratio of >2.1 may differentiate amyloi-
dosis from hypertensive hypertrophy, Fabry disease
and Friedreich ataxia. Not only longitudinal strain but
also circumferential and radial strains are decreased
compared to hypertrophic cardiomyopathy and hyper-
tensive heart disease. Unlike hypertrophic cardiomy-
opathy, as with the left ventricle, a decreased basal
longitudinal strain in the right ventricle with relative
apical sparing has been also reported in patients with
aTTR amyloidosis.'®? Higher left ventricular wall
thickness measurements, a decreased end-diastolic
volume, a reduced fractional shortening ratio and
pericardial effusion on two-dimensional echocar-
diography and low-voltage ECG pattern along with

reduced left ventricular ejection fraction, right ven-
tricular dilation and restrictive filling pattern indicate
a poor prognosis in amyloidosis (Fig. 6).[6465¢7]

7.2 Cardiac MRI

Magnetic Resonance Imaging is used to diagnose,
monitor and estimate the prognosis in cardiac amy-
loidosis. The most widely used MR imaging methods
include Cine-MR (CMR), late gadolinium enhance-
ment (LGE) and T1 mapping. CMR has high spatial
resolution and is used for anatomical assessment in
a similar way to images obtained by 2-dimentional
echocardiography. As with two-dimensional echocar-
diography, CMR is used to assess ventricular hyper-
trophy and restrictive signs (small or normal chamber
size, pericardial effusion, and biatrial dilation and right
ventricular hypertrophy). A thickened interatrial sep-
tum (>6 mm) is a specific finding but may be seen in
20% of patients with cardiac amyloidosis. Pericardial
or pleural effusion may also occur.

Gadolinium enhancement shows a specific pat-
tern based on biological and volume characteristics
of myocardial extracellular space. In cardiac amyloi-
dosis, amyloid accumulation results in extracellular
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Figure 7. Although ECG does not meet the voltage crlterlon two-dimensional echocardiog-
raphy findings and restrictive filling pattern raise a suspicion of amyloidosis. Typical apical
sparing can be observed in left ventricular global longitudinal strain studies. In spite of low-
grade uptake in scintigraphy (Grade 0 to 1) electrophoresis revealed the typical pattern of
light chain disease (from archives of Prof. Dr. Metin Erkilig, Prof. Dr. Sebahat Ozdem, Assoc.
Prof. Dr. ibrahim Basarici).

expansion while gadolinium accumulates in the extra-  ent-based contrast enhancement occur following gad-
cellular space. An early epicardial-endocardial gradi-  olinium injection with a higher enhancement in the
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Figure 8. (A) Scintigraphy indicates Grade Il cardiac involvement, whereas radioactivity can be observed in limb muscles with
bone attenuation in a patient with mTTR who exhibited neurological symptoms. A ¢.325 G>C (p.E109Q) mutation was identi-
fied in the exon 3 in this patient. (B-E) Endomyocardial biopsy result of the above patient. Diffuse, extracellular deposition of
amorphous eosinophilic amyloid substance (in pale pink color) surrounding myocytes (H&E x200) (B). Myocytes surrounded
by diffuse pink colored extracellular deposition of amyloid (Crystal Violet x200) (C). Blue-gray appearance of the amyloid sub-
stance surrounding myocytes after the application of a specific dye to differentiate interstitial connective tissue from amyloid
(Masson’sTrichrome x200) (D). Definitive diagnosis of TTR amyloidosis was made after desmin staining, in this patient with
cardiac amyloidosis (Desmin x200) (E). (from archives of Prof. Dr. irem H. Ozbudak, Prof. Dr. Hilmi Uysal, Prof. Dr. Adil Boz,
Assoc. Prof. Dr. ibrahim Basarici, Assoc Prof. Dr. Murathan Kiicik).
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Table 3. Clinical use of cardiac imaging tests
Clinical Subclinical Diagnosis  AL/aTTR  Prognosis
suspicion  early diagnosis distinction
Two-dimensional and M-Mode echocardiography vvv X 4 b 4 vvv
Speckle-Strain Imaging vvv v 4 b 4 vv
MRI v vv vvv v vy
Bone Scintigraphy 4 vv vvv vv b 4
PET/CT v v vv v v

X: Not used; v: Rarely used; v'¢: Not uncommonly used; v¢/¢: Commonly used.

Scintigraphy with 99mTc-DPD/ PYP/ HMDP based
on preliminary diagnosis of Cardiac Amyloidosis

— v

\

‘ Cardiac Uptake Grade 0 ’

‘ Cardiac Uptake Grade 1 ’ ‘

Cardiac Uptake Grade II-1l ’

\

/

B

Abnormal free light chain Alfa or Kappa ratio (-

AV y
Presence of abnorral free light chain\jncreased ifa or Kappa)
6 or >1.65) and gar

opathy screening by serum or urine immunofixation

pd v

[Gammopamy: No ] [Gammopathy: Yes]

Gammopathy: No

v N\

[Gammopamy: Yes] [Gammopamy: No ]

Gammopathy: Yes

Review findings/request|
CMR if not available

Cardiac AUaTTR
amyloidosis unlikely

Further diagnostic studies for confirmation and typing of amyloid: Biopsy samples from surrounding
(peripheral) tissue or endomyocardial biopsy

amyloidosis

] Cardiac ATTR

Y

Cardiac amyloidosis Yes/No
(Amyloidosis typing AL/aTTR/other)

Genetic testing

Figure 9. Imaging based diagnostic algorithm (Gillmore JD, et al. Circulation 2016;133(24): Modified From 2402—12).

endocardium. Marked endocardial contrast enhance-
ment occurs in the late phase, later on. Subendocar-
dial or transmural LGE specifically occurs in the en-
tire ventricle. White stripes indicating subendocardial
LGE at the interventricular septum with dark, spared
mid-myocardial area in between give a ‘“Zebra-like
appearance”.'®7 Amyloid deposits prolong longi-
tudinal relaxation time (T1) a magnetic property of
the heart. A prolonged T1 indicates amyloid deposi-
tion in cardiac amyloidosis.!®! The difference between
pre-contrast and post-contrast T1 measurements cor-
relates with extracellular volume and the volume in-
creases as the difference increases. The increase in the
extracellular volume is more marked in aTTR vs. AL
amyloidosis./”*"!!

Cardiac amyloid impairs kinetics of gadolinium
distribution. Gadolinium rapidly and simultaneously
washes out of the blood pool and myocardium, ren-
dering impossible to differentiate left ventricular blood
pool from the myocardium. This phenomenon has been
defined as lack of “myocardial nulling”. “Nulling” has
been described as covering up background images to
pronounce pathological areas.!””

7.3 Bone scintigraphy

Scintigraphy is a highly sensitive imaging tool to be
used in the diagnosis of aTTR amyloidosis, in par-
ticular. 99mTc-labelled bisphosphonates including

99mTc- pyrophosphonate (PYP), 99mTc-3,3-di-
phosphono-1,2-propanodicarboxilic acid (DPD) and
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99mTc-hydroxydiphosphonate (HDP) are used to
diagnose amyloidosis. In the event that echocardiog-
raphy and MR imaging fail to detect amyloid depo-
sitions, scintigraphy may reveal the involvement of
the heart in amyloidosis with a sensitivity of nearly
100%.

Scintigraphy may also be used to differentiate AL
from aTTR amyloid deposition. Although a low-lev-
el radiotracer uptake may occur in AL amyloidosis,
most of the agents used in bone scanning show a high
specificity for aTTR. Furthermore, radiotracer up-
take distribution in other parts of the body may show
different characteristics between these two types of
amyloidosis. In AL, 99mTc-DPD or 99mTc-HDP up-
take occurs in the viscera (the spleen and the liver)
but not in muscles, whereas cardiac uptake occurs in
less than 50% of patients with cardiac involvement.
However, probably due to the calcium content in am-
yloid deposits, heart is the most commonly involved
organ in aTTR amyloidosis and is followed by skel-
etal muscles (muscle-rich regions including gluteal
region, shoulder, chest wall and anterior abdominal
wall).>731 The differential diagnosis between AL and
aTTR is made based on the 99mTc-PYP uptake ratio
between the heart shadow and contralateral lung tis-
sue; a ratio of <1.5 favors AL, whereas a ratio of =1.5
favors aTTR." 99mTc-PYP and 99mTc-DPD have
the highest sensitivity and specificity particularly in
aTTR screening.”! In scintigraphy, cardiac uptake in-
tensity is graded from O to III with no uptake in Grade
0 and a cardiac uptake intensity similar to bone signal
in Grade III (Figs.7, 8a-e).

Positron emission tomography (PET) imaging
may have a role in the diagnosis of cardiac amyloido-
sis and may be used in the differential diagnosis be-
tween cardiac amyloidosis and other conditions lead-
ing to cardiac hypertrophy. However, available data
are insufficient to make a distinction among cardiac
amyloidosis subtypes.’>7!

7.4 Imaging based diagnostic algorithm

Plasma cell dyscrasias should be investigated in every
patient suspected of having cardiac amyloidosis based
on clinical symptoms; echocardiography and/or MRI
findings and bone scintigraphy should be performed
for both diagnostic and typing purposes. Patients ex-
hibiting Grade II-1II uptake without gammopathy are
more likely to have aTTR amyloidosis and TTR ge-
notyping is recommended. Tissue diagnosis is recom-

mended in all patients exhibiting Grade II uptake with
gammopathy and patients exhibiting Grade I uptake
with or without gammopathy. Tissue diagnosis is rec-
ommended in patients exhibiting Grade 0 uptake with
gammopathy, while tests results should be reviewed
in patients without gammopathy, if clinical suspicion
exists.

Clinical use of imaging tests is presented in Table
3 and a diagnostic algorithm is summarized in Figure
9.177]

8.0 HISTOPATHOLOGICAL/GENETIC
ANALYSIS - Meral Kayikc¢ioglu

8.1 Histopathological analysis (tissue biopsies)

Among all diagnostic modalities, histopathological
studies demonstrating amorphous amyloid fibril de-
posits i.e. tissue biopsy is the gold standard in the di-
agnosis of amyloidosis. Novel modalities have been
developed to detect amyloid in any tissues, owing
to technological advances. Endomyocardial biopsy
(EMB) is a simple, invasive procedure with a low
complication rate (1 to 2% in experienced hands) and
a sensitivity of almost100% in appropriate patients.
781 EMB is not required in most patients, as the diag-
nosis of amyloidosis can be made based on samples
collected from alternative tissues (e.g. abdominal fat
tissue, rectal mucosa, minor salivary glands etc.). If
a sample biopsy from any alternative tissue is posi-
tive for amyloid deposits with typical non-invasive
appearance of CA, EMB is not needed. Other organs
selected for biopsy are not required to exhibit clinical
signs and symptoms of involvement in amyloidosis.
71 Abdominal fat pad aspirates are stained positive
for amyloid in 70%of patients with light chain (AL)
amyloidosis, however, false positive results are com-
mon in laboratories that do not routinely work with
such samples. Based on the diagnostic algorithm,
bone marrow biopsy should be done first if AL amy-
loidosis is suspected,”7! as a bone marrow biopsy
may reveal a plasma-cell dyscrasia in 80% of patients
and amyloid deposition in 60% of patients. The sensi-
tivity of histological studies in diagnosing hereditary
mTTR may vary depending on the site where samples
are collected. Diagnostic sensitivity of sural nerve bi-
opsy is 79 to 80%, while sensitivity may reach up to
91% in labial salivary gland biopsy in early onset Val-
30Met variant. However, diagnostic sensitivity may
largely vary from 14 to 83%in abdominal fat pad bi-
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opsies leading to an uncertainty for patients undergo-
ing abdominal fat pad biopsy.*"!

Amyloid may accumulate anywhere in the heart
including myocardium, vessels, endocardium, valves,
epicardium or parietal pericardium.

These accumulation sites are not specific and
may be involved in any types of cardiac amyloidosis.
However, vascular involvement is more common in
light chain (AL) amyloidosis where interstitial accu-
mulation is more severe. In amyloid cardiomyopathy,
ventricular wall thickening is typically concentric or
in the form of disproportional septal thickening. Ini-
tially, amyloid protein tends to accumulate in poste-
rior-basal ventricular septum and may mimic coarse
appearance of hypertrophic cardiomyopathy. Amy-
loid deposition becomes more evident and diffuse as
the disease progresses. Endocardial amyloid deposi-
tion is less pronounced but not rare. The left atrium is
the most common amyloid deposition site. Epicardial
coronary arteries are commonly involved in amyloi-
dosis although amyloid deposition in these arteries
does not generally result in occlusion. Amyloid de-
position and vascular occlusion particularly occur in
vasa vasorum of epicardial coronary arteries. Apart
from vasa vasorum, amyloid related vascular occlu-
sion may only occur in small intramural branches of
coronary arteries.”

Histologically, myocardial amyloid deposition is
typically irregular and patchy in appearance; may be
pericellular or nodular. Deposits are more likely to
occur in subendocardial and midmural regions, rather
than subepicardial region. Absence of amyloid depo-
sition in biopsy specimens does not rule out amyloi-
dosis due to patchy pattern of deposition. 785

In amyloidosis, microscopic examination of the
myocardium reveals amorphous hyaline deposits,
predominantly in the extracellular space, whereas
electron microscope reveals that these deposits are
made up of non-branching fibrils (7 to 10 nm in di-
ameter). These fibrils bind to Congo red (leading to
green birefringence under polarized light), thioflavin
(an intense yellow-green fluorescent color) or sulfated
alcian blue (green color).

Essential histological approach include the use of
a light microscope to examine formalin fixed paraffin
embedded (FFPE) sections after using a basic or any
special stain used in histology or after immunohisto-
chemical staining. In this conventional diagnostic ap-

proach, the use of special histological stains is recom-
mended while Congo red staining is the gold standard
for diagnosis. After binding to Congo red amyloid
fibrils exhibit characteristic apple green birefringence
when viewed by cross polarized light.

There are also methods directly detecting amyloid
in tissue biopsy specimens. These methods may be
gathered mainly in two groups including 1. Immuno-
histochemistry (antibody based), and 2. Proteomics.8!

1. Immunohistochemistry (IHC)

Immunohistochemistry is based on labelling with an-
tibodies against amyloid or precursor proteins. Anti-
body panels may be needed depending on clinical sce-
nario, while the use of more than 40 antibodies may
be challenging. Rare or new amyloid proteins cannot
be detected by these techniques.

a. Immunoperoxidase (IP) is widely used tech-
nique to directly detect amyloid deposits. The IP
technique is a relatively rapid procedure and has the
advantage of utilizing formalin fixed —paraffin em-
bedded (FFPE) tissues.

b. Immunofluorescence (IF), is a well-established
and widely used technique, as with IP, but has a higher
sensitivity and specificity than IP. However, frozen
tissue sections are required for IF testing. Therefore,
this technique may be used in the diagnosis of amyloi-
dosis if only the clinical care team has a strong suspi-
cion of amyloidosis.

¢. Immunoelectron microscopy may also be used
to successfully diagnose amyloidosis. Its limited
availability, higher costs and longer turnaround time
restrict the use of immunoelectron microscopy in rou-
tine clinical practice, even though it is a reliable and
direct method.

2. Proteomics

Proteomics involves direct biochemical analysis of
specific proteins forming deposits. Therefore, pro-
teomic has been considered to represent a definitive
method of amyloid typing. This chapter includes direct
amino acid sequencing of the amyloid fibrils, western
blot methodologies or peptide fragment mass and load
and the comparison of these techniques with a well-
established standard such as mass spectrometry.

Separation of proteins by gel electrophoresis (2D-
PAGE) and subsequent mass spectrometry analysis
of protein spots excised from the gel is a technique
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that has proven effective in identifying amyloid in
non-fixed specimens.® However the procedure is
labor-intensive and its utility in the heart tissue has
not been established yet. Congo-red positive amyloid
deposits extracted from FFPE tissue specimens and
prepared on plastic slides are subjected to laser mi-
crodissection and liquid chromatography-mass spec-
trometry (LC-MS/MS). As with the IP techniques,
this technique has the advantage of using FFPE spec-
imens as a source and does not specially require to
use EMB specimens. Furthermore, proteomics can
serve as a screening tool to detect underlying genetic
alterations. Mass spectrometry (MS)-based methods
are novel diagnostic techniques allowing to detect
proteins in a very small quantity of tissue. These di-
agnostic techniques have been developed for the use
in FFPE tissue, frozen tissue or fresh adipose tissue
specimens. The main advantage of the technique is
its ability to use archival FFPE tissue specimens. A

special sampling technique referred to as laser micro-
dissection (LMD) improves the specificity by remov-
ing other normal tissue components. The sensitivity
and specificity of LMD with liquid chromatography-
mass spectrometry reach almost 100%, even in cas-
es of rare hereditary variants. The LMD technique
followed by mass spectrometry will potentially al-
low making an accurate diagnosis by demonstrating
amyloid deposits, particularly in indeterminate cases.
831 However, mass spectrometry technology is only
available at specialized centers and unfortunately;
this technology is not available in our country yet.

In summary, if there is a suspicion of amyloidosis,
the diagnostic algorithm begins with a non-targeted
biopsy (the most common sites are abdominal fat
pad, rectal mucosa, oral mucosa or a minor labial sal-
ivary glands). A targeted biopsy of the relevant organ
(the kidney or myocardium) will follow if the ini-
tial attempt fails to diagnose amyloidosis. Amyloid

Table 4. The most common 3 TTR mutations and their characteristics

Mutation

Clinical manifestations

Geographic region/ethnicity

Val30Met (Met30)
Thr60Ala (Ala60)
vali22lle (lle122)

Peripheral neuropathy >cardiac involvement
Peripheral neuropathy =cardiac involvement
Peripheral neuropathy <cardiac involvement

Portugal, Sweden, Japan
UK, Northern Ireland
Africa, African-American, African-Caribbean

Table 5. General characteristics of cardiac amyloid types

Amyloid type  Precursor protein  Organ involvement  Etiology Concomitant diseases  Typing techniques
1 AL Immunoglobulin Systemic& Acquired Plasma cell IP, IF, MS
light chain localized dyscrasias
2 AH Immunoglobulin Systemic Acquired Plasma cell IF, MS
heavy chain dyscrasias
3 ATTR Transthyretin Systemic  Acquired&Inherited IP, IF, MS
4 AA Serum amyloid A Systemic Acquired Chronic inflammation MS, ELISA
5 AB2M 2-microglobulin Systemic  Acquired& Inherited Chronic hemodialysis IP, MS
6 AApoAl Apolipoprotein A-| Systemic& Inherited SDS-PAGE+
localized HPLC, MS
7 AApoAll Apolipoprotein A-Il Systemic Inherited Western blot
AApoAIV Apolipoprotein A-IV Systemic Acquired IP, western blot, MS
AGel Gelsolin Systemic Inherited MS
10 AANP Atrial natriuretic peptide Localized Acquired Atrial fibrillation MS
peptid
11 Alys Lysozyme Systemic Inherited MSa*

MS: Mass spectrometry; ELISA: Enzyme linked immunosorbent assay; SDS-PAGE+HPLC: Sodium dodecyl sulfate-polyacrylamide gel electrophoresis +
high-performance liquid chromatography. *Typing in kidney biopsy sample, only assessed in cardiac involvement.
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subtyping is important, particularly in determining
appropriate therapeutic approaches after the confir-
mation of the diagnosis of amyloidosis by a tissue
biopsy. Serum and urine immunofixation tests and
immunoglobulin-free light chains tests have been
used historically to classify different types of amyloi-
dosis. However, due to the high prevalences of single
clonal gammopathy, particularly in elderly, false pos-
itive results are common. Advanced techniques with
improved sensitivity and IHC staining are needed to
classify amyloid deposits.34

8.2 Genetic analysis

Amyloidosis, which has been considered to result
from more than thirty misfolded proteins, may be
either acquired or hereditary. There is an increasing
understanding that certain types of amyloid disorders
show an autosomal dominant inheritance pattern and
are associated with inherited abnormalities of precur-
sor proteins, alone.®! Furthermore, genetically deter-
mined factors may induce the development of acquired
amyloidosis. More than 500 mutations and polymor-
phisms affecting genes relevant to amyloid subunit
proteins and their precursors have been defined. Par-
ticularly, mutations coding abnormal proteins prone to
fibrillogenesis, polymorphisms associated with cofac-
tors such as apolipoprotein E or subunit proteins such
as serum amyloid A, hereditary disorders affecting
the level or deposition of precursor proteins (e.g. mu-
tations in presenilin in Familial Alzheimer Disease),
chronic inflammation in vulnerable populations, disor-
ders leading to a tendency for the deposition of precur-
sor proteins (e.g. pyrin and cryopyrin mutations in Fa-
milial Mediterranean Fever [FMF] and Muckle Wells
syndrome), all have been linked to amyloidosis. ™!

In general, heredofamilial amyloidosis charac-
terized by nephropathy, neuropathy or cardiac in-
volvement, is a dominantly inherited heterozygous
condition and both wild-type and mutant molecules
may be identified in amyloid deposits. In certain situ-
ations, both wild-type and mutant molecules (e.g.
transthyretin [TTR], apolipoprotein Al [Apo-Al],
amyloid precursor protein [APP] in Alzheimer’s dis-
ease and prion protein [PRP]) may individually form
amyloid fibrils under different conditions (e.g. wild-
type TTR, amyloid beta protein (AB), a degradation
product of ApoAl and APP may form deposits as-
sociated with a organ-specific aging pathology, in the
heart, aorta and brain, respectively).®”

More than 130 mutations have been identified in
ATTR, which is the most well-known genetic amyloi-
dosis."®®! Mutations underlying ATTR have also prog-
nostic implications and genetic testing is recommend-
ed both to confirm diagnosis and to predict prognosis.

Under special conditions, TTR gene sequencing
may be required, particularly to identify new amy-
loidogenic mutations. Accordingly, a sequence analy-
sis is recommended in the presence of atypical symp-
toms or it is challenging to confirm amyloidosis. The
gene responsible for amyloidosis is a relatively small
gene located on the chromosome 18, constituted of
127 amino acids and four exons and it is relatively
easy to sequence.®

The most common TTR mutations include Val-
30Met, Thro0Ala and Vall22lle. Characteristics of
these three mutations are summarized in Table 4. The
most common TTR mutation is the Val30Met muta-
tion and is associated with neuropathy at the time of
diagnosis and CM in the late course of the disease.
Cardiac involvement is the main manifestation in
patients carrying Vall22lle, Thr60Ala, Ile- 68Leu,
LeulllMet orSer77Tyr mutations with the most
common mutations being Vall22Ile and Thr60Ala.
Patients with Val122Ile variant are usually older and
the prevalence of cardiac infiltration is higher among
these patients compared to those with other muta-
tions. 3.5% of African-Americans carry the Val122lle
variant and this variant is more common in males.
Cardiac characteristics do not differ, whereas clinical
courses differ among TTR mutations. For example, a
TTR variant, Val94 Ala substitution is associated with
a long-term stable clinical course followed by a rap-
idly progressive amyloidosis phase characterized by
polyneuropathy, gastrointestinal and cardiac involve-
ment. Furthermore, all known TTR mutations may
not exhibit a complete penetrance, i.e. all carriers will
not necessarily develop the disease.®®

Some mutations in the TTR gene have been shown
to be protective against amyloidosis. A variant charac-
terized by the substitution methionine for threonine-at
position 119 (T119M), provides a relative protection
against the development of amyloidosis by exerting a
stabilizing effect on TTR tetramer.

8.3 Diagnostic tips to differentiate between the
types of amyloidosis

After confirming the diagnosis of amyloidosis by bi-
opsy, subtyping of amyloid deposits is necessary, par-
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ticularly in determining the best treatment approach.
Furthermore, subtyping is also important in terms of
family screening. To date, 11 types of amyloid have
been reported to affect the heart. Only one of these
amyloid types (atrial natriuretic peptide (ANP) type
amyloid) is believed to involve the heart alone. Gen-
eral characteristics of cardiac amyloid types are sum-
marized in Table 5."! Once cardiac amyloidosis is sus-
pected, the following considerations should be noted:

1. Any type of amyloidosis may affect any cardiac
structures.

2. The differentiation between amyloidosis types
cannot be made by conventional histopathological
studies as involvement is quite similar.

3. Histologically, myocardial amyloid deposition
is irregular and patchy and may be pericellular or nod-
ular. Therefore, false negative results are not uncom-
mon in myocardial biopsies.

4. The AL type amyloidosis is the most common
type of cardiac amyloidosis. Therefore, conventional
serum and urine immunofixation tests and immuno-
globulin-free light chain tests are still used to classify
different types of amyloidosis. However, due to the
high prevalences of single clonal gammopathy, par-
ticularly in elderly, false positive results are common.

5. Advanced techniques with improved sensitivity
to detect deposits in the tissue and IHC staining (anti-
body based) are needed to classify amyloid deposits.

In addition, clinical findings may give clues for typ-
ing the amyloidosis (Table 6).*! For example, marked
enlargement of the tongue and purpura on the eyelids,
face and neck may only occur in AL-type amyloido-
sis. AL-type amyloidosis is the most common type of
cardiac amyloidosis and accounts for 80% of all cases
of cardiac amyloidosis. It is associated with an under-
lying plasma-cell dyscrasia and occurs in people over
the age of 40 years, with no gender predilection. Car-
diac involvement is estimated to occur in 90% of cases
of AL-cardiac amyloidosis. Another characteristic of
AL amyloidosis is that hypertrophy is less marked in
AL-type amyloidosis compared to TTR and this situa-
tion may be explained by direct myocytotoxic effects
of circulating light chains. Accordingly, even though
amyloid deposits do not vanish, cardiac functions im-
prove with treatment of light chain disease."*”

wtTTR amyloidosis is associated with a slowly
progressive clinical course with less clinical symtoms

compared to mutant or AL amyloidosis. Although
wtTTR amyloidosis has been reported to occur typi-
cally in males aged 70 years and over, younger pa-
tients (e.g. in a patient aged 58 years) with wtTTR
amyloidosis have been reported.

9.0 GENERAL THERAPEUTIC APPROACHES
Mehmet Birhan Yilmaz

9.1 The role of medications for heart failure in
cardiac amyloidosis

The US and European Guidelines for the manage-
ment of heart failure (HF) recommend the use of ACE
inhibitors, beta blockers and diuretics in all patients
with symptomatic HF with reduced ejection fraction
(HFrEF) independently from etiology.”'** Although
diuretics are used for palliative purposes and to miti-
gate symptoms of congestion in patients with amyloi-
dosis (cardiac), such patients have not been included
or have probably remained undiagnosed in studies pro-
viding strong evidence for the use of ACE inhibitors or
angiotensin receptor blockers (ARB). At this point, it
is important to note that patients with amyloidosis are
not included in the evidence pyramid for HFrEF as pa-
tients with AL-amyloidosis have been excluded from
studies, particularly due to the aggressive behavior of
AL-type amyloidosis in patients with amyloid-related
HF with a median life expectancy less than 6 months
(a life expectancy of <1 year has been considered as
an exclusion criteria in large studies) and patients with
mTTR or wtTTR amyloidosis have been excluded
from studies as restrictive cardiomyopathy or pre-
served ejection fraction HF (HFpEF) phenotypes are
more common among these patients.”* Consequently,
evidence is clearly lacking for the medical treatment of
HF in cardiac amyloidosis, in particular.

Reduced end-diastolic volumes and mild systolic
dysfunction resulting from thickened ventricular wall
due to amyloid deposition and a slow heart rate may
lead to a reduced cardiac output indicating a very poor
prognosis.” Therefore cardiac output is highly depen-
dent on heart rate in patients with cardiac amyloidosis.

Sodium restriction along with mild diuretics used
cautiously is the rationale first-line choice in palliative
treatment of cardiac amyloidosis-related HF. Howev-
er, due to the narrow therapeutic interval between very
high and very low filling pressures, close observation
is needed. The use of long-acting torcemide or MRA
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containing combinations rather than short-acting fu-
rosemide is a rational option to decrease congestion
and ensure euvolemia.® On the other hand, as the car-
diac output depends on heart rate in all types of car-
diac amyloidosis and orthostatic symptoms are highly
prevalent, patients may hardly tolerate ACE inhibi-
tors or ARBs or beta blockers that remain unknown in
terms of evidence-based medicine.” Digoxin should
be avoided due to the increased risk of toxicity. Nondi-
hydropyridine calcium antagonists are contraindicated
as this group of medicines strongly bind to amyloid
fibrils and may lead to profound hypotension and syn-
cope.”™ Low-dose digoxin and/or beta-blockers may
be considered only in patients with atrial fibrillation or
inappropriate sinus tachycardia. Anyway, it is impor-
tant to establish sinus rhythm due to the need for atrial
contribution for ventricular function. An important
consideration is that ACE inhibitors or beta blockers
have not proven beneficial in cardiac amyloidosis with
HFrEF phenotype; therefore, these patients should
not be treated empirically. In fact, ACE inhibitors or
beta blockers should not be started in these patients.
71 Furthermore, orthostatic intolerance to low-dose
ACE inhibitors or conduction problems with low-dose
beta-blockers should suggest cardiac amyloidosis in
patients with HFrEF who receive empiric treatment.
The use of beta-blockers does not appear rational with
the exception of cases of inappropriately rapid heart
rate (sinus rhythm or atrial fibrillation). On the other
hand, outcomes of electrophysiological catheter abla-
tion therapy are not promising for the management of
tachyarrhythmia in this group of patients.”® As sci-
entific evidence on this condition is almost absent, a
retrospective analysis was conducted based on medi-
cal records of 480 patients with cardiac amyloidosis
(WtTTR n=242, mTTR n=238); life expectancy was
found to be worst in patients with mTTR amyloido-
sis who had received beta blockers or ACE inhibitors
while treatment with beta blockers or ACE inhibitors
had no positive (or negative) effect on the prognosis in
patients with wtTTR amyloidosis."”

9.2 Pacemaker-ICD

Pacemakers are indicated in the treatment of heart
blocks or symptomatic bradycardia that may occur
during the course of the disease and indications for the
use of pacemakers do not differ from those in general
population. The use of ICDs in cardiac amyloidosis is
controversial but may be considered in selected pa-
tients, 19101 whereas electromechanical dissociation

has been considered to be underlying cause of sudden
death in patients with cardiac amyloidosis."*! There-
fore, even though ICD implantation is not be consid-
ered beneficial, studies in small samples suggest po-
tential benefits of ICDs in selected patient subgroups.
01217 arge registries may provide more definitive re-
sults regarding the use of ICD in these patients.!'"

9.3 LVAD-heart/liver transplantation

Heart transplantations usually have a limited role in
the treatment of mTTR amyloidosis which may lead to
multiple organ involvement whereas wtTTR amyloi-
dosis is more prevalent in elderly population and lim-
ited number of donors makes the candidacy of these
patients for heart transplantation unlikely. However,
patients with wtTTR amyloidosis under the age of 70
years may be eligible for heart transplantation due to
the absence of extracardiac involvement.!"”! An isolat-
ed heart transplantation, without liver transplantation
should not be considered in patients with mTTR, even
though there may be different possibilities in certain
special mutations in ATTR." In particular, the most
common mutation in patients with mTTR amyloidosis
is Val30Met variant and it is an established fact that
patients carrying this variant may benefit from early
liver transplantation and life expectancy is very good
in these patients.!'”! In these patients, combined liver
and heart transplantation may be a treatment option in
the presence of severe cardiac involvement.!'%!

Heart transplantation followed by autologous stem
cell transplantation may be a rational treatment choice
in the presence of severe heart failure in patients with
AL amyloidosis who respond well to initial chemo-
therapy.!"””! However, other organ involvement should
be minimal despite the presence of severe, isolated
cardiac disease and a plasma cell clone that respond
well to chemotherapy is needed. In modern series, this
approach may provide a life expectancy similar to that
in other patients.!'%

Mechanical circulatory support devices are also
used in patients with advanced cardiac amyloidosis.
Although the use of these devices in patients with
mTTR or wtTTR amyloidosis is technically possible,
supporting evidence is not available in the literature.
1991 On the other hand mechanical support devices
may increase 1-year survival up to 64% in selected
patients with AL amyloidosis. However, prognosis is
worst in patients with a left ventricular cavity diam-
eter less than <46 mm.5"
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Table 7. Major pharmacotherapies for TTR-amyloidosis

Mechanism of action Generic name Patient population

Current use

TTR stabilizers Tafamidis wiTTR & mTTR,
FAP and CM
Diflunisal wiTTR & mTTR,
FAP and CM
Agents acting on Patisiran FAP & mTTR-CM
TTR production
Agents acting on Inotersen wWiTTR & mTTR,
TTR production FAP and CM
Antisense
Oligonucleotide
ATTR amyloid Doxycycline wiTTR & mTTR,
fibril disrupters + FAP and CM
TUDCA

Strength of 20 mg is approved in the EU for the treatment
of patients with stage 1 TTR-FAP, based on a phase 3
study.['?® Mortality data (for strengths of 20 mg and 80 mg)
from a phase 3 study referred to as ATTR-ACT have been
recently reported. In this study, tafamidis significantly
reduced both overall mortality and cardiovascular
hospitalization.!'"®!

A phase 3 study demonstrated that diflunisal (250 mg
b.i.d.) maintained neuropathy impairment scores in
patients with TTR-FAP (250 mg bid).['>® The open label
study in wiTTR and mTTR CM is a short-term study with
small sample size and emphasized the reduction in eGFR!'2%
Cardiac involvement was detected in 56% of patients with
TTR-FAP in the randomized, placebo controlled phase 3
APOLLO study. Patisiran (0.3 mg/kg) exerted a positive
impact on echo parameters and biomarkers.!'3"!

A randomized placebo controlled study with a large
sample size was conducted in patients with FAP and CM
(NEURO-TTR) (cardiac involvement was detected in
63%): No deterioration was detected in echo parameters
over 15 months. Inotersen was associated with a higher
rate of thrombocytopenia and mortality.'*®¥ wtTTR data are
limited.[38]

There are phase 2 studies reporting positive impacts of
doxycycline 100 mg b.i.d. and TUDCA 250 mg t.i.d. on
biomarkers and echo parameters.['24140]

Patients’ compliance with treatment was limited due to
adverse effects.

In conclusion, considering evidence-based medi-
cine, although the role of ACE inhibitors, ARBs and
beta blockers is established in HF, these medicines
have no place in the empiric treatment of any types of
cardiac amyloidosis. Discontinuation of these medi-
cines should be considered particularly in patients
with orthostatic or reduced cardiac output symptoms,
in the absence of any other compelling indications.
Empiric therapy may include the use of long-acting di-
uretic combinations to lower congestion, maintenance
of sinus rhythm (amiodarone may be used!'”)) and
thromboembolism prophylaxis in selected patients
(all patients with AF, independently from scores). Fa-
vorable outcomes may be obtained with LVAD and/

or heart transplantation in highly selected patients
with AL amyloidosis, with heart transplantation in
relatively young patients with wtTTR amyloidosis
and with combined heart and liver transplantation in
highly selected patients with mTTR amyloidosis.

10.0 SPECIFIC THERAPIES FOR
AMYLOIDOSIS - Baris Ikitimur

Although cardiac amyloidosis has long been ignored
due to either the progressive nature of the condition
or the belief of having limited efficient treatment op-
tions, recent novelties have changed this situation.
A reduction in precursor proteins that form amyloid
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fibrils is essential for improving the prognosis in car-
diac amyloidosis.*! Chemotherapy combinations re-
ducing the level of free light-chain proteins may be
used in AL-type amyloidosis while anti-fibril thera-
pies acting by different mechanisms may be used for
this purpose in TTR-amyloidosis (Table 7).

10.1 Treatment goals

AL-amyloidosis: The ultimate goal in AL amyloidosis
is to normalize free light-chain concentrations and to
eradicate monoclonal paraproteins in the blood and
urine.® Considering organs affected by AL amyloi-
dosis, treatment goals should be to reduce markers of
amyloid toxicity such as NT-proBNP levels and ana-
tomical markers such as left ventricular wall thickness
in patients with cardiac involvement.!""'! Complete or
good partial hematological response and significant
response in cardiac biomarkers (such as NT-proBNP)
have been linked to a better survival in patients with
AL amyloidosis.**!

TTR-amyloidosis: Treatments specific to TTR am-
yloidosis targets preventing and reversing organ dys-
function by acting on 3 stages of amyloid deposition.
Stages of amyloid deposition include the production
of TTR molecules, maintenance of TTR stabilization
and removal of amyloid from tissues, while avail-
able and potential therapeutics are classified accord-
ing to the stage they focus on."''? Even though thera-
pies should ideally aim at improving major cardiac
endpoints including amyloid TTR cardiomyopathy
(ATTR-CM)-related mortality and heart failure (HF)
related morbidity, studies testing the efficacy of these
therapies are limited. Previous studies have focused
on the levels of biomarkers (NT-proBNP, Troponin)
which are indirect indicators of cardiac involvement
and effects of the disease on the results from non-
invasive studies (echocardiographic measurement of
cardiac dimensions, strain imaging etc.).!'"?! Studies
reported in 2018 suggest the start of a new era where
mortality and HF-related morbidity are of primary
importance in the treatment of ATTR-CM.!'!3

Treatment of AL-amyloidosis

The first-line treatment of AL-type amyloidosis in-
cludes alkylating agents (e.g. Melphalan) and protea-
some inhibitor bortezomib.® In a retrospective study
in AL amyloidosis patients with cardiac involvement
and symptomatic heart failure (57% NYHA III-1V)
(n=106) three-drug therapy with bortezomib + dexa-
methasone + an alkylating agent (cyclophosphamide

or melphalan). (BDex+AA) was compared to other
treatments, with a median follow-up duration of 465
days and mortality rates with BDex+AA regimen was
found to be lower compared to other treatments (48%
[median overall survival 821 days] vs. 65% [median
overall survival 223 days], p=0.029).!"" A multivari-
ate analysis revealed an association between decreased
mortality and BDex+AA administered as a first-line
treatment of AL-type amyloidosis in patients with HF
(HR: 0.209, %95 CI: 0.069 to 0.636; p=0.006). How-
ever, it should be kept in mind that NT-proBNP levels
higher than 8500 ng/L and advanced cardiac involve-
ment are associated with lower response and survival
rates in AL-type amyloidosis even in patients treated
with cyclophosphamide + bortezomib+ dexametha-
sone (CyBorD) regimen.!""”!

Most recent novel treatments of AL amyloidosis
include second generation oral proteasome inhibitors
ixazomib and carfilzomib, an anti-plasma cell anti-
body daratumumab, anti-amyloid fibril monoclonal
antibody NEODOO1 and anti-SAP antibodies devel-
oped for the treatment of TTR amyloidosis.® None
of these medicines have been studied in patients with
AL-cardiac amyloidosis, in placebo controlled, ran-
domized studies with endpoints testing major cardiac
events. Ongoing studies in patients with AL- cardiac
amyloidosis include TOURMALINE-ALI1 (ixazo-
mib, NCT01659658) and NCT028841033 (daratu-
mumab).16!

10.2 Specific treatment for TTR amyloidosis
1) TTR stabilizers

TTR is a plasma protein composed of four identical
monomers and a carrier of thyroxine and retinol. In
TTR amyloidosis, TTR tetramer instability is believed
to be responsible for the deposition of fibrils in many
tissues, including the heart.''” As a consequence of
instability, dissociation into monomers results in ag-
gregation into amyloid fibrils that form TTR amyloid
deposits. Dissociation of TTR has been considered to
be the rate-limiting step of this process.!""® This mech-
anism has been accepted as a treatment target after the
discovery that a benign polymorphism (Thr119Met)
may stabilize TTR, even in the presence of mutations
such as Val30Met which normally lead to the forma-
tion of amyloid fibrils.[""'2! Small molecules that are
considered as potential stabilizers of TTR tetramer
include diflunisal, a non-steroidal anti-inflammatory
drug (NSAID), and tafamidis, an analog of diflunisal
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without NSAID properties: only these molecules have
been shown to be safe and effective in animal studies
and human trials.!"2!!

Diflunisal: Diflunisal is a NSAID that ensures the
maintenance of TTR stability by binding to thyroxine
binding sites in TTR. TTR-stabilizing activity of diflu-
nisal has been shown both in animal studies and human
trials.["">1221 As with other medicines specifically used
in the treatment of TTR, diflunisal has been first used in
patients with ATTR-FAP. A randomized, double blind
study in patients with clinical diagnosis of ATTR-FAP
(n=130) compared neuropathy impairment scores and
quality of life in patients receiving diflunisal at a dose
of 250 mg BID to patients receiving placebo.'*! In this
study, diflunisal significantly reduced the progression
of neurological deterioration and maintained the qual-
ity of life. Although 50% of study patients probably
had amyloid CM based on echocardiographic findings
at baseline, no significant alterations occurred in echo-
cardiography parameters over time.!*!

Unlike its use in ATTR-FAP, the use of diflunisal
in ATTR-CM has some drawbacks, as this medicine is
a NSAID. Diflunisal has potential gastrointestinal and
renal side effects as it inhibits cyclooxygenase (COX)-
1 and 2 and furthermore, water and salt retention
caused by diflunisal may lead to hypertension and may
contribute to the pathophysiology of ATTR-CM lead-
ing to further deterioration that should be taken into
consideration.!"** A cohort study conducted in 2012 by
Castano et al. may give a clue regarding this issue. In
this study, 13 patients with ATTR-CM or ATTR-CM
treated with diflunisal at a dose of 250 mg BID were
followed-up for 0.9+0.3 years.!'*! No alterations were
observed in echocardiographic parameters such as left
ventricular mass, EF and cardiac biomarkers such as
Troponin I and BNP whereas a reduction of 6% (in
correlation with treatment duration) was observed in
eGFR. Treatment was discontinued in a patient and
diflunisal dose was halved in another patient due to
volume overload, indicating a need for close monitor-
ing in patients receiving diflunisal.

Tafamidis: Tafamidis is a benzoxazole derivative
without NSAID properties and has a good oral bio-
availability. Tafamidis binds to transthyretin at the
thyroxine-binding sites and ensures kinetic stabiliza-
tion of circulating tetramers in a dose-dependent fash-
ion and prevents the release of TTR tetramers neces-
sary for amyloidogenesis.!''®!2!:126]

The use of tafamidis to ensure stability of serum
TTR and relevant clinical outcomes in TTR amyloi-
dosis were first studied mainly in patients with TTR-
familial amyloid polyneuropathy (TTR-FAP).!""®! Ta-
famidis given orally at a dose of 20 mg stabilized TTR
in 98% of patients and patients treated with tafamidis
demonstrated 52% less neurological deterioration vs.
placebo with a side effect profile similar to placebo, in
this 18-month study of tafamidis treatment in patients
with early-stage V30M transthyretin familial amyloid
polyneuropathy (TTR-FAP).[1?7)

In the12-month, open label extension of this study,
neurological deterioration process also slowed in pa-
tients who had switched from placebo to tafamidis.!""!
These findings led to the approval of tafamidis in the
EU for the treatment of patients with Grade I TTR-
F AR[129]

The effects of 12-month treatment with tafamidis
(20 mg) on TTR stability, quality of life, neurological
performance, biomarkers such as Troponin and NT-
proBNP and echocardiographic findings were inves-
tigated in symptomatic patients (62% cardiac amyloi-
dosis) with non-Val30Met and non-Val1222Ile TTR
amyloidosis, in a 12-month, open label study with
small sample size (n=21). At the end of the study, ta-
famidis provided TTR stability in 94.7% of patients
and clinically significant cardiac disease progression
or alterations in biomarkers or echocardiographic
findings were not found.!'**3!

Studies of tafamidis in patients with TTR-FAP
were followed by studies of tafamidis in patients
with amyloid ATTR-CM.!"'% An open-label, phase 2
study investigated the effects of 12-month treatment
with oral tafamidis at a dose of 20 mg daily on the
progression of ATTR-CM in patients predominantly
with wtTTR-CM (n=35). In this study, tafamidis sta-
bilized TTR at a rate of 96.8% and clinical progres-
sion (death, cardiovascular hospitalization, AF, an
increase of >1000 pg/mL at the level of NT-proBNP,
an increase of >0.5 mg/dL at serum creatinine lev-
el, a reduction of >50m in 6-minute walk distance)
was detected in 48.4% of patients over a 12- month
treatment period. Although this study did not include
a placebo arm, 12- month rate of progression was
found to be lower than the 12 month-rate of clinical
progression (72.4%) reported from TRACS study for
the natural course in patients with wtTTR amyloido-
sis.[32
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A more recent, retrospective, single-center study
on the use of stabilizers in patients with ATTR-CM
(WwtATTR and mATTR) (n=120) patients who were
treated with tafamidis (n=16) or diflunisal (n=13)
were compared to those who were not treated with
stabilizers (n=91).">!! In this study, the risk of the
combined endpoint of death or heart transplantation
was found to be lower in patients treated with TTR
stabilizers compared to those who were not treated
with TTR stabilizers (HR 0.32, 95% CI 0.18 to 0.58,
p<0.0001). It should be noted that in the Multivariable
Cox analysis, the association between stabilizer and
combined endpoint persisted even when adjusted for
all non-collinear univariate predictors (HR 0.37, 95%
CI10.19-0.75, p=0.003).

An association between death and TTR stabilizers
was detected for the first time in this study and these
results further emphasized the need for the confirma-
tion of such associations in randomized studies.

Tafamidis in the ATTR-ACT Study: As with any po-
tential treatment specifically addressing ATTR-CM,
tafamidis had not been investigated in a plasebo-con-
trolled, double blind, randomized clinical trial with
appropriate sample size of tafamidis, until recently.
ATTR-ACT was a multicenter, international, double-
blind, phase 3 study conducted in patients with ATTR-
CM to investigate the effect of tafamidis 20 mg and 80
mg on the clinical primary endpoint of all-cause death
and cardiovascular hospitalization over 30 months, in
comparison with placebo. Secondary endpoints includ-
ed change from the baseline in Kansas City Cardiomy-
opathy Questionnaire scores, 6-minute Walk Test, and
in parameters such as NYHA class, NT-proBNP and
Troponin I levels. In addition, echocardiography and
ECG and TTR stability were also assessed. Eligibility
criteria included biopsy-confirmed TTR-CM, the pres-
ence of either wtTTR or mTTR amyloid deposits, age
between 18 and 90 years, clinical evidence of HF on
diuretics or prior hospitalization for heart failure. The
presence of cardiac TTR was confirmed by 99mTc-la-
beled pyrophosphate, hydroxymethylene diphosphate
or 2-propanodicarboxylic acid scintigraphy. Further-
more, an end-diastolic interventricular septum thick-
ness greater than 12 mm on echocardiography was
considered as an indicator of cardiac involvement.

Patients who were considered to be less likely to
benefit from treatment were excluded from the study
as they were required a 6-minute walk test (6MWT)

of >100 meters. Another inclusion criterion was hav-
ing an elevated NT-proBNP level (=600 pg/mL).

Exclusion criteria included AL-type amyloidosis,
an estimated GFR of <25 mL/min/1.73 m?2, concur-
rent treatment with NSAIDs, doxycycline +TUDCA,
calcium channel blockers or digitalis.!'*

A total of 441 patients were included in the ATTR-
ACT study and 264 out of 441 patients received ta-
famidis and 177 patients received placebo, 76.1% of
patients in the Tafamidis Group had wtTTR amyloi-
dosis and 23.9% had mTTR amyloidosis. The rate of
patients with wtTTR amyloidosis was reported to be
75.7% in the placebo group. All-cause mortality rate
was found to be significantly lower in patients receiv-
ing tafamidis vs. placebo over the follow-up period
(29.5% vs 42.9%; HR,0.70; 95% confidence interval,
0.51-0.96; p<0.001).The risk for cardiovascular hos-
pitalization was also significantly lower in patients
receiving tafamidis vs. placebo (Relative Risk: 0.68;
96% confidence interval, 0.56-0.81). The prevalence
of wtTTR amyloidosis that reached 13% among pa-
tients with HF with preserved ejection fraction (pEF)
further emphasized the importance of these mortality
data, as stated by the study authors.!"3! Both mortal-
ity and hospitalization assessments favored tafamidis
in predetermined subgroups (TTR type, NHYA class,
tafamidis dose) with the exception of patients with
NHYA Class III HE. No statistically significant differ-
ences were observed between the Tafamidis Group and
Plasebo Group in survival of patients who had NHYA
Class III HF at baseline, whereas hospitalization rate
was higher among patients receiving tafamidis vs.
plasebo. The authors suggested that this finding might
be attributable to longer survival during a more severe
period of the disease leading to an increased need for
hospitalizations. This finding is believed to emphasize
the importance of earlier diagnosis and treatment of the
disease.""™ The analysis for secondary endpoints re-
vealed a reduction in the increase at levels of NT-proB-
NP with treatment with tafamidis, while the decline in
the distance walked during the 6-minute test was re-
duced in patients treated with tafamidis compared to
placebo. Moreover, Tafamidis also reduced the decline
in Kansas City Cardiomyopathy Questionnaire scores,
compared with placebo, suggesting a positive impact
of tafamidis on HF morbidity.!"'*

Both doses of tafamidis used in the ATTR-ACT
study significantly reduced mortality and the risk
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for hospitalization. Another remarkable result of the
study was that no significant interactions were found
between TTR-types (WtTTR or mTTR) and treatment.
The study reported that the safety profiles of tafamidis
and plasebo were similar based on the assessment of
adverse effects; adverse events previously reported in
patients with familial amyloid polyneuropathy, such
as diarrhea and urinary tract infections were less com-
mon in patients who received tafamidis than patients
who received placebo.!'"!

ATTR-ACT investigators reported that positive im-
pacts (functional capacity, Kansas City Cardiomyopa-
thy questionnaire results) of Tafamidis on HF morbidity
became prominent at month 6, whereas survival differ-
ence favored tafamidis after 18-month treatment.!!?)

As this study was the first large, randomized,
placebo-controlled study demonstrating significant
effects of a specific medical treatment on mortality
and morbidity in patients ATTR-CM, its results are
expected to have a significant impact on clinical prac-
tice.

Tolcapone: Tolcapone is a catechol-O-methyl-
transferase inhibitor indicated in the treatment of Par-
kinson’s disease as it increases the bioavailability of
levodopa and carbidopa: In vitro studies have been
conducted based on predicted affinity of tolcapone
for TTR and these studies have demonstrated that tol-
capone might strongly inhibit TTR aggregation.!'®
The results from a phase 2 study of tolcapone (NCT
02191826) in patients with ATTR polyneuropathy
are expected to provide an understanding of safety
of tolcapone, particularly when considering potential
hepatic adverse effects associated with long-term use
of tolcapone.

AGI0: AG10 is believed to reduce the risk for am-
yloid deposition by decreasing TTR dissociation and
stabilizing both wtTTR and TTRm molecules in the
serum of patients with ATTR-CM. The results from
ongoing phase 1 study (NCT 03294707) of AG10 are
expected to be reported.!!!?

2) Medicines acting on the production of TTR

Treatment modalities to be used in patients with TTR
amyloidosis include small interfering

RNA (siRNA) that inhibits TTR production such
as patisiran and antisense oligonucleotides (ASO)
such as inotersen. 3

Patisiran and Revusiran: Inhibition of TTR Gene
Expression by siRNA: Patisiran (ALN-TTRO02) is the
double-stranded siRNA (ds-siRNA) that reaches to the
liver within lipid nanoparticles to bind to usually un-
translated conserved mRNA sequences. Degradation
of both wtTTR and mTTR mRNAs in this way results
in a reduction in the amount of synthetized TTR, lead-
ing to a reduced risk of formation of deposits by mono-
mers.[3*1351 A phase 2 study demonstrated that patisiran
could reduce TTR protein in a dose-dependent fashion
in patients with mTTR amyloidosis."

In APOLLO study, patisiran provided significant
improvements in clinical endpoints of neuropathy at
the end of 18-month follow up in patients with heredi-
tary amyloid neuropathy who were treated with pati-
siran given intravenously every 3 weeks at a dose of 3
mg per kg of body weight compared to those treated
with placebo.!3”! Patients with NYHA IIT or IV HF
were excluded from the study and patients were fol-
lowed up by echocardiography and NT-proBNP lev-
els over the study duration. An 81% reduction was
observed in TTR levels at month 18 in patients who
received active treatment, whereas 126 (56%) out of
225 patients in the APOLLO study were included in
the subgroup characterized by cardiac involvement.
In this subgroup the ratio of the NT-proBNP level at
month 18 to the level at baseline was 0.89 in patients
receiving patisiran and this ratio was 55% better than
those receiving plasebo (Rate Ratio, 0.45; p<0.001).
Left ventricular mass index was decreased in pa-
tients receiving patisiran compared to those receiving
plasebo (-1.0£0.2 mm vs -0.1+0.3 mm, p=0.02) and
there was a significant difference in left ventricular %
longitudinal strain, in favor of patisiran (change from
the baseline: 0.08+0.28 vs. 1.46+0.48, p=0.02) in the
subgroup of patients with cardiac involvement.

No differences were found between patirisan and
placebo in serious cardiac adverse effects and HF
events. Another consideration was that negative sig-
nals such as thrombocytopenia and decreased renal
function associated with oligonucleotide drugs were
not observed with patisiran.

Experience with first generation siRNA revusiran
in patients is not as promising as with patisiran.!3
After demonstrating that revusiran may effectively
decrease TTR levels in patients with mTTR amyloi-
dosis in a phase 2 study, a plasebo controlled phase 3
study ENDEAVOUR (NCT02319005) assessing the
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effects of Revusiran on 6-minute walk test and serum
TTR levels in patients with mTTR-CM (n=206) was
discontinued early due to the increased mortality rates
and lactic acidosis.!"'!?!

Inotersen - Antisense Oligonucleotides (ASO):
Antisense oligonucleotides are synthetic nucleotide
sequences blocking protein translation by binding to
and degrading mRNA. ASOs synthetized to target
TTR mRNA can be expected to act on both mTTR and
wtTTR.I"* Inotersen is an ASO synthetized to target
TTR amyloid and its efficacy in reducing hepatic TTR
production and its safety were tested in a 1-year study
in patients with biopsy-confirmed ATTR (mTTR and
wtTTR) deposition, HF and left ventricular hypertro-
phy (n=22) who received inotersen SC weekly at a
dose of 300 mg.!"**! Inotersen provided an effective
and sustained reduction in TTR production, whereas a
20 to 35% reduction was observed in platelet counts.
Any alterations consistent with disease progression
were not observed in echocardiographic parameters
such left ventricular mass and interventricular septum
thickness in this non-placebo controlled study con-
ducted in limited number of patients.

An international, randomized, double-blind, pla-
cebo-controlled study (NEURO-TTR) was designed
to investigate the effects of inotersen on neuropathy
impairment scores and quality of life in patients with
hereditary amyloidosis with polyneuropathy (n=172.
(1391 This recent 15-month study reported that inot-
ersen exerted significantly favorable effects on both
neuropathy impairment scores and quality of life and
decreased serum TTR levels by a mean of 74%.

Patients with NYHA III and IV HF were not in-
cluded in this study and 63% of patients had mTTR-
CM, while the rate of patients with cardiomyopathy
was greater and known disease duration was longer
in the inotersen group, at baseline. A difference fa-
voring investigational product over placebo occurred
in neurological scores and quality of life, in the CM
group. However, no significant differences were
found between the inotersen group and the placebo in
echocardiographic parameters, including global lon-
gitudinal strain. Among patients treated with inoter-
sen in NEURO-TTR study, 3% developed glomerulo-
nephritis and 3% developed thrombocytopenia, with
platelet count less than 25.000/mm?3. The prevalence
of thrombocytopenia (<140.000/mm?) was higher in
the inotersen group compared to the placebo group
(54% vs. 13%) with one death resulting from intra-

cranial hemorrhage. It should be noted that all of 5
deaths that occurred over the study period were in the
inotersen group.

3) Medicines removing TTR-amyloid fibrils from tis-
sues:

The very stable structure of amyloid deposits in tis-
sues does not allow human organism to spontaneously
degrade and remove these deposits. Doxycycline and
tauroursodeoxycholic acid, epigallocatechin- 3 gal-
late (EGCG) extracted from green tea and antibodies
synthesized to target TTR are among therapies that are
believed to have the potential to facilitate the clearance
of TTR amyloid fibrils that deposit in the heart.['*¥

Doxycycline +tauroursodeoxycholic acid (TUD-
CA): A phase 2 open label study was designed to
monitor the progression of neuropathy and cardiomy-
opathy over 12 months of treatment with doxycycline
100mg b.i.d. and TUDCA 250 mg t.i.d. in 20 patients
with systemic amyloidosis with TTRm amyloidosis
predominance, after the demonstration of the activ-
ity of doxycycline in disrupting amyloid fibrils and
synergistic effect of co-administration of doxycycline
and the bile salt TUDCA on fibril removal in amyloid
deposits in animal models.!'?*!14]

Any clinical progression in cardiac involvement
was not reported and neuropathy impairment scores
remained substantially stable. Progression was not
reported in echocardiographic findings (the mean
left ventricular wall thickness). However, there are
concerns about the tolerability of this combination
as only 7/20 patients completed 12 months of treat-
ment. The doxycycline + TUDCA regimen reduced
the deterioration of left ventricular longitudinal strain
compared to the plasebo, in a phase 2 study (NCT
1855360) conducted by Falk et al. in 30 patients with
ATTR-CM (27 wtATTR, 3 mTTR) over a treatment
period of 18 months.l"* In another open, prospec-
tive phase 2 trial designed by Merlini et al. (NCT
01171859) a total of 45 patients with TTR amyloi-
dosis (wtTTR and mTTR), including 35 patients with
cardiac involvement were treated with doxycycline
plus TUDCA over 12 months and lower NT-proBNP
levels and a lesser deterioration in the left ventricu-
lar strain parameters were reported in the treatment
group. Results from this study and many other studies
suggest that the main problem associated with doxy-
cycline plus TUDCA regimen is the poor tolerability
and subsequent early treatment discontinuation.!'**
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Epigallactocatechin-3 gallate (EGCG): EGCG is
most abundant in green tea and has reduced amyloid
formation and has increased the elimination of exist-
ing amyloid deposits in vitro and in animal models. In
an observational study, 600 mg of EGCG delivered as
capsules over 12 months stabilized the left ventricular
mass in patients with wtATTR-cardiac amyloidosis
(n=25) based on cardiac MRI findings.!'*!

Anti-Serum Amyloid P (anti-SAP) Antibody Com-
ponent and CPHPC: Serum amyloid P (SAP) com-
ponent is a glycoprotein found in all types of amyloid
fibrils and has an important role in fibril formation.
Therefore, treatments targeting SAP are more likely
to be beneficial both in AL-type amyloidosis and
TTR-amyloidosis and this makes SAP an attractive
treatment target.!"'! Although CPHPC is effective to
remove circulating SAP via hepatic elimination by
cross-linking SAP molecules, it has minimal effect on
existing amyloid deposits in human. An anti-SAP hu-
manized monoclonal antibody has been developed to
address this issue and the use of this antibody in com-
bination with CPHPC is believed to promote amyloid
clearance from the liver and spleen.

In a study in patients with AL- and AA- types
amyloidosis without cardiac involvement (n=15),
6 weeks of treatment with CPHPC + anti-SAP anti-
body reduced hepatic amyloid deposition, as mea-
sured by scintigraphy.!'**! Another open-label phase-2
study has been designed to assess the efficacy of this
treatment in patients with AL-type and TTR amyloi-
dosis with cardiac involvement and is still ongoing
(NCTO03044353).

PRX004: PRX004 is a monoclonal antibody facili-
tating the phagocytosis of misfolded TTR by binding
the misfolded TTR without interacting with native
TTR. A dose escalation study of PRX004 is planned
to be conducted patients with TTR amyloidosis (NCT
03336580).1"2

10.3 Future expectations

The demonstration of the effects of specific treat-
ments in patients with TTR- cardiac amyloidosis
paves the way for the use of specific medicines such
as tafamidis in routine clinical practice. Potential ef-
fects of combined use of treatments with different
mechanisms of action, determination of eligible pa-
tients and the method of administration are among
the issues to be resolved in the future.

Discovery and validation of non-invasive mark-
ers will be a guiding light for clinicians to determine
whether or not treatment responses are adequate.!'*
Many medicines (doxycycline plus TUDCA, AG10,
tolcapone, EGCEG, anti-SAP antibody and CPHPC,
PRX004) under development have not reached phase
3 yet or clinical trials have not been designed as pla-
cebo controlled, randomized, double blind studies
with adequate sample size, to test major endpoints
such as mortality (patisiran, inotersen). When it
comes to TTR amyloidosis in particular, many medi-
cines under development are first tested in overall
population with amyloidosis or in the FAP popula-
tion and their effects on amyloid cardiomyopathy are
typically limited to secondary endpoints. Particularly,
upon the initiation of studies investigating the preva-
lence of wtTTR underlying the pathophysiology of
heart failure with preserved ejection fraction (pEF),
many patients that have been deprived from targeted
treatment before, find a chance to benefit from spe-
cific treatments for amyloidosis. Significant changes
should be expected in the treatment of patients with
CM and HF, with future phase 4 studies of medicines
such as tafamidis conducted in this patient popula-
tion as well as with studies conducted to test major
cardiac endpoints in patients with CM, including
those with HFpEF, using medicines at earlier stages
of development.
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11.0 CONSENSUS ALGORITHM FOR THE DIAGNOSIS

CLINICAL FINDINGS SUSPICIOUS OF AMYLODOSIS

Dyspnea, peripheral edema, orthostatic hypotension, syncope, numbness in the hands and feet, diarrhea, weight
loss, history of carpal tunnel syndrome, periorbital ecchymosis, macroglossia, peripheral neuropathy, history of
familial amyloidosis, intolerance to beta blockers/ACE inhibitors, normotension/hypotension in a previously
hypertensive patient, HFpEF+LVH, low cardiac output/low gradient aortic stenosis in elderly, new-onset
hypertrophic CM diagnosis in elderly, pseudo infarct pattern in ECG, low- voltage ECG, history of syncope
+ conduction abnormalities in elderly, LVH with valvular involvement on ECHO (IVS >12 mm) + low-voltage ECG,
sparkling pattern, LVH + pericardial effusion, BNP, inappropriately high NT-proBNP levels, mild elevation at troponin
levels, decreased LV GLS with apical sparing on Strain ECHO, diffuse subendocardial enhancement on
Cardiac MRI scans/ difficulty in distinguishing null points /elevation in T1 mapping

Y

If Cardiac Amyloidosis is suspected

Y

DIAGNOSTIC TESTS

TTR amyloid: Tc-PYP, Tc-DPD or Tc-MDP bone scintigraphy
AL amyloid: serum and urine protein electrophoresis+ immunofixation or serum free light chain testing

Y

Monoclonal antibodies

=) ()
Y A4

Cardiac involvement in Tc-PYP, Tc-DPD Bone marrow and/or symptomatic
or Tc-MDP bone scintigraphy* organ biopsies
\ \ \
Grade 0—1 involvement Grade 2-3 involvement Detection of light chain
amyloid fibrils by
v v immunohistochemistry
of mass spectrometry
In the presence of TTR-type amyloid
high clinical suspicion
biopsy (possibly, other v A
rare types of amyloid) . ] AL-type amyloid
or consider etiologies Genetic analysis
other than amyloid.
(+) )
mTTR WITTR

*See Figure 9 for details.
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