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Q= . Amyloid comes in a variety of “flavors’

* Amyloidosis is a disorder of protein folding

* Misfolded proteins deposit in organs resulting in

organ dysfunction
* AL & ATTR most common (~95%) cardiac

involvement

Amyloid protein Precursor Main features Myocardial involvement
AL Immunoglobulin light chain Primary/myeloma associated Frequent

ATTR Transthyretin Familial Variable according to genotype
ATTR Transthyretin Wild type Constant

AApo Al Apolipoprotein Al Familial Occasional but severe
AApo All Apolipoprotein All Familial Exceptional

AFib Fibrinogen o chain Familial Exceptional

ALys Lysozyme Familial Exceptional

AA Serum AA Secondary, reactive Exceptional

AR2M B2 microglobulin Hemodyalisis associated Exceptional

1AA Atrial natriuretic factor Atrial fibrillation Atrial tissue
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Adapted from Rubin, et al. Annu. Rev. Med. 2020. 71:203-19
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z-. TTR: Structure & Physiologic Binding

Transthyretin (Prealbumin) transports thyroxine (T,) and retinol (Vit A) in plasma and
CSF
 Homotetramer - 4 identical 127 amino acid monomers 8

T, e
Variant forms of TTR protein are encoded by amyloidogenic TTR mutations ﬁ 2%
+ TTR gene located on long arm of chromosome 18 ‘
+ >120 TTR variants described: single amino acid substitutions — mutant subunits
+ Tetramers with = 1 mutant subunits are kinetically or thermodynamically unstable
+ Dissociate under physiologic conditions to release monomers prone to misfolding

A Normal transthyretin synthesis 5 5
Wild-type TTR Mutant TTR
> . !
l Transcription l (i )
‘;Vild-(ype TTR mRNA Mutant TTR mRNA f l Translaﬁon ¢
l - — I ’ Wild-type Mutant
— — transthyretin transthyretin
- ol —_ monomer monomel
b \;\\Q‘-—-—.\‘ - l \ |
/ mMRNA available - ‘\\\,:.
— _\_fi:"s'*‘ = - Transthyretin monomers Hypothetical
" : = transthyretin Transthyretin tetramers
ENDOPLASMIC RETICULUM LUMEN dimers

CYTOPLASM

Adapted from Buxbaum NEJM 2018
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&= TTR Amyloidosis: Amyloidogenic Cascade

Small
oligomers

% [ »
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Folded Misfolded ke 3

monomers  amyloidgenic  Amorphous

monomers aggregates Amyloid
fibrils

TTR mRNA

Cleveland Clinic 2019

Functional TTR structure | ---------- > | Pathologic TTR structures

* Mutations
+ Aging

Adapted from Canadian Journal of Cardiology 2020 36322-334DOI: (10.1016/j.cjca.2019.12.034)
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¢ == hATTR: Pathogenesis & Classification

Liver TTR Tetramer TTR Monomer Misfolded State Amyloid Fibril

o]

3
—
R~
Sensorimotor Nerves Autonomic Nerves Heart
. . Loss of sensation Orthostatic hypotension Heart failure
Clinical Syncope/falls .
i . Muscle weakness S . Arrhythmias/syncope
Manifestations . . Constipation/diarrhea ) . .
Impaired ambulation . . Impaired exercise capacity
Urinary retention/UTIs

TTR Amyloid Polyneuropathy
(ATTR-PN or FAP)

TTR Amyloid
Cardiomyopathy
(ATTR-CM or FAC)
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© = hATTR: Genotype-Phenotype Correlation

Mutations Causing Disease

nhetence fuosomataompent - il Al & A L ] 2 R

\
1
i
i
H

v

Penetrance: Incomplete; multi-factorial
determinants incompletely understood

Symptom onset: Presenting age varies
by mutation, environmental factors

Disease progression

Asymptomatic Symptomatic
o
©
2
o .
) @ Production of mutant TTR
> D .
E @ Initiation of non-fibrillar TTR deposition
@ @ @ @ Initiation of amyloid deposition
I | | | I I |
0 10 20 30Y 40 50 60 70 Adams, et al. Nature Reviews Neurol 2019
ears

Hereditary ATTR Amyloidosis

Griffin, et al. Trends in Cardiovasc Med 2021

V5202



¢ == ATTR: Worldwide Distribution & Characteristics

ansthyretin Amyloi comes Survey (THAQS)

Association.

Maurer, M.S. et al. J Am Coll Cardiol. 2016:68(2):161-72.

Val30Met
3%

Thr60Ala
1%

Vali22ile

23%

United States

wild Type
48%

Rest of World

Others
10%  witg Type
5% Ser50Arg
2%

GLug9Gln

2%

Ile68Leu
1%

Val30Met
Gly47Ala
76% on

Ser77Tyr
1%

Phe64Leu

Vali22lle %

1%

Di

Mutation

Population & Age of Onset

WEATTR-CM

hATTR-CM (FAC)

hATTR-CM and/or -PN
(or mixed FAC-FAP)

None (Wild Type)

V1221 (V1411)

TGOA (T80A)

Accumulations in >20% of >80yo
Male predominant (9:1)

>70 years
3-4% African Americans (West African Descent)

Male predominant (3:1; Gene+ 1:1)
>60 years

Northern Ireland descent

Male predominant (2:1)

>45 years
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Number of Participants

= ATTR: Distribution in Europe (THAOS)

FIGURE 1 THAOS Enrollment According to Country

1200 ¢
1000
800
N=390
15.4% of Total

P QN S A S N N S Y
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Maurer, M.S. et al. J Am Coll Cardiol. 2016;68(2):161-72.

Country
# Subjects in THAOS
Phenotype, %
I Neurologic
I Cardiac

I Cardiac +
Neurologic

Most common mutation
(% of all subjects)

Portugal
786
Val30Met
(99.1%)

Spain
76

Val30Met
(73.7%)

Sweden
142

Denmark ¢
23
i Val30Met
S (90.1%)

Leut11Met
(47.8%)
Germany
125
France ‘
94 Val30Met
f , (19.2%)
Val30Met Italy
(44.7%) 161
lle68Leu
(16.1%)

Damy, et al. Eur Heart J 2019
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@ == ATTR at National Amuyloidosis Center, UK

-

E 804 —i— ATTRp.TSOA
% 60+ —t—  ATTR pNV1421
5 40- =i— ATTRwt

£ 204 ~i- Other

S
=

TTRwt 10%

Hered 11%

V142, 295, 19%

Insulin

Localised 11% FTIR

,22%

AA 1

Rowczenio, et al. Human Mutation 2019
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@ == hATTR Amyloidosis in the United States

Prominence of TTR V122l (p.V142]) mutation

A b Prevalence of p.Val142lle Variant
+ Among African Descent: 3.0% - 3.5%

p.Vali42ile

among * General Population*: 0.3% - 1.6%
subjects of ¢ B
African | 4 ‘ *Proportionate to percentage of population that is of
descent African descent
W -6% /| + Among VATTR-CM: 66% - 79%
W 3-6% .
1-3% "
- St Demographics of p.Val142ile vATTR-CM

- African descent: 75% - 100%
+ Male predominance: 73% - 96%
+ Age of symptom onset: 63 years

+ Age of diagnosis: 67 - 71 years
+ Atrial fibrillation: 25% - 38%

Mayo Clinie, MN I Cleveland Clinic

10.5% V1421 72.5% V142l among| [ Nvu + NY VA Clinic,
VATTRCM 4.88%

among vATTR

ML Sinai BioMe BioBank
3.19%

[ Yale-Penn Cohort I

VATTR-CM

Penn Medicine BioBank|
3.31%

Johns Hopkina Hospital
75% V1421 o TTRCM

['unwimm Cord Blood, mmnna]

Cardiovancular Heolth)
Study (CHS)
L 211%

South Carolina Gullahs
2.06%

Kaiser Health)
San Diego

Dallas Heart Study
ason

41.9% V1421 among vATTR

National Amyloidosis Center, UK
66.2% V1421 among vATTR-CM

Houston cantrols ]

Chandrashekar, et al. Circ Genom Precis Med 2021 NEER:
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Increasing Recognition of ATTR-CM

1601

:

N
(=]
1

:

—=~  ATTRwt-CM
—m=  V122I-hATTR-CM
===  Non-V122I-hATTR-CM

Number of new diagnoses of ATTR-CM
&8 8 8

N
=]
1

o
L

.5 o S s ol o
& & F FFF s P TS
Year
* Increased awareness (with emergence of therapies)
* Validated non-invasive diagnostic techniques
* Increased access to genetic testing / screening

Adapted from Lane, et al. Circulation 2019
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@ =2 hATTR: Systemic Manifestations

Clinical history / Physical exam

CNS manifestations

« Progressive dementia gf Ocular manifestations
* Headache * Vitreous opacification

. Alalxla * Glaucoma

. Selzu_res . + Abnormal conjunctival

* Spastic paresis vessels

* Stroke-like episodes « Papillary abnormalities

Cardiovascular
manifestations

+ Conduction blocks
* Cardiomyopathy
* Arrhythmia

* Mild regurgitation

Renopathy
* Proteinuria

* Renal failure
|

Carpal tunnel
syndrome

Gl manifestations

* Nausea & vomiting
« Early satiety
» Diarrhea

* Severe constipation
* Alternating episodes

of diarrhea &

Autonomic constipation
neuropathy * Unintentional weight

« Orthostatic hypotension {7} loss

* Recurrent urinary tract {4
infections (due to
urinary retention) Peripheral sensory-motor

neuropathy

Typically axonal, fiber

length-dependent, symmetric,

and relentlessly progressive

in distal to proximal direction

* Sexual dysfunction (£2)

* Sweating abnormalities

Adapted from Conceicao, et al. J Periph Nerv Sys 2016

Cardiac

Heart fai

Atrial fibrillation

'

Musculoskeletal

lure

Carpal tunnel
syndrome

\ Back pain/lumbar
b 4 spinal stenosis

Ruptured distal
biceps tendon/
Popeye sign

gl’zgyarﬂmhmiaﬁ' o Shoulder, knee and

conduction abnormalitie: . g

pacemakers hip pain or surgery
»

Trigger finger

'S

Autonomic

Polyneuropathy Dysfuction

Orthostatic hypotension/
intolerance to blood
pressure meds

A

d

Chronic diarthea/
constipation/weight loss

Painful neuropathy in
hands and feet

Muscle weakness,
difficulty walking, and falls

o

Adapted from Nativi-Nicolau, et al. HF Reviews, 2021

V5202



d o [ ] [ ] (]
@ == ATTR-CM: Infiltrative & Restrictive
Restrictive CMP Amuyloid Deposits
* Increased mass (LVH & RVH) » Deposition into the extracellular
without dilatation space

« Stiff, poorly compliant

* Progressive diastolic filling
abnormalities

* Atrial infiltration impairs atrial
contraction

« Stiffened extracellular space
* Myocyte compression
 Microvascular ischemia

* Direct myocyte damage

* Dysfunction - myocardial,
conduction, valvular

V5202
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© &2 hATTR: Mixed Phenotypic Presentations

Mixed Phenotypes

60

40

~hanl el 1B
, HB

V1221 T60A V30M

mSensory Neuropathy B Motor Neuropathy  m Gl Symptoms Cardiac

Adapted from Wixner, et al. Orphanet J Rare Dis 2014

TTR V142I+ Carriers (Mt. Sinai BioMe)

0% 10%  20%  30% 40% 50% 60% 70%  80%  90%  100%

Cardiac

Autonomic neuropathy

Peripheral neuropathy

Any phenotype

W Systemic feature present M Related symptom present W Neither present

Soper, et al. J Pers Med 2021

18
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© 2. hATTR: Mixed Phenotypic Presentations

Distribution by Gender

Sex and in Patients With ATTRv Amyloidosis

A

Overall Males Females

mm Predominantly cardiac mm Predominantly neurologic mm Mixed
B

Predominantly Predominantly
Cardiac Mixed Neurologic

31.3%

= Male = Female Caponetti, A.G. et al. J Am Coll Cardiol HF. 2021;9(10):736-746.
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Clinical Presentations

20

V5202



6 z= ATTR-CM: Underrecognized cause of HFpEF

Post-Mortem (Histopathology)

70 Eﬂ Ha % %0

60 | & Control
Bsod ” ,:.';';a.'”a;'mﬁf-!‘wl- WHERCE E E 20
E 40 g': eper S 3
E 30 E» § oz 20
= ® -
§201 57 <t o
® 10 s SDs B0s 708 S0s S0+ =

0+ . . :

0
. i T ™ <65 65-79 >80

s 3 a a :: n Age at HFpEF Diagnosis (years)

Prevalence of wtTTR Amyloid at Autopsy

Prevalence of LV wtTTR Amyloid in Control (n = 131) According to Age at HFpEF Diagnosis

and HFpEF (n = 109) Patients by Age
Mohammed, et al. ] Am Coll Cardiol HF 2014;2:113-22

Hospital Admission (Imaging)

A Distribution of ejection fraction in B Technetium 99m bone tracers (DPD, PYP, HDP)
subjects hospitalized with heart failure have ~90% sensitivity/specificity for
e 18 B HFeer ERHFoEF [l HEREF identifying ATTR cardiac amyloid
S r P n
= p=| H Positive Uptake
]
% 10
=3
=3
€ s
g
5
% o

o 20 40 60 80
Ejection fraction (%)

Caution: must exclude AL amyloid, focal uptake occurs
in the setting of previous MI, unclear role in early detection

? Prevalence of ATTR cardiac amyloid ~15% of HFNnEF have ATTR cardiac amyloid

Castano, et al. European Heart Journal (2015) 36, 2595-2597
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¢ == ATTR-CM: Other associated conditions

Atrial fibrillation |

Table | Frequency of atrial fibrillation in different
types of cardiac amyloidosis

N

Rapezzietal'® 233
Longhietal."" 262
Pinney etal'” 138
Kristen etal™ 216
Groganetal' 360

AL ATTRm  ATTRwt
amyloidosis (%) (%) (%)

12 5 27

9 1 40

16 NA 43

16 18 30

NA NA 62

Adapted from van den Berg. ot al. Eur Heart J 2019

| Carpal Tunnel Syndrome (10%) |

T
=
e —

|
7

Carpal Tunnel Biopsy (N = 98) Amyloid Subtypes

WTTR Amyioid
BAL Amylcid

Adapled from Sperry et al JACC 2018

Aortic Stenosis (16%)

Columbia Univ. TAVR Experience

Prevalence of ATTR-CA

Al Patents

Femaies Maes

No ATTR-CA
%%

Adapted from Castano, et al. Eur Heart J 2017

Increased LV wall thickness (5-10%)

Frequency, (number of patients)

[ S0% mTTR-FAC
. 7.6% mTTR-FAC above 55 years
res
@ man
0. %
“
0.
n s
) I I—
18-24 454 5564 74 554
Age elass, (year)

10 Hyperropbic candiomyopathy witheus TR mutstion
B TR withoot cardiac asmyloidosis
W mTTRFAC

Damy, et al. Eur Heart J 2016

22
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Diagnostic delays are common and diagnosis
in ATTR-CM and diagnosis is often made at a

mor

e advanced stage o

Median diagnostic delay:
39 months
42% of patients had

diagnostic delay >4 years

23% of patients waited 6
months to 4 years for “
diagnosis

'
'
'
|
v N

QOL (KCCQ)

KCCQ Overall Summary Score

WATTR-CM V122I-ATTR-CM Non-V122I-ATTR-CM

= 12 Months = 36 Months

ATTR-CM: Severity & Relevance to Practice

Functional Capacity (6MWD) |

o 12 24 36
Months
Number
V122I-hATTR-CM 61 31 11
ATTRWE-CM 289 175 66
Non-V122I-hATTR-CM 32 17 9
100
904
80
704
6o e NOR-VIZ21 RATTR-CM
. — vimharracs
- —— ATTRwr-CM
a0
304 g
)
204
104
o 20 a0 60 80 100
Time (months)
Numbers at risk
Non-V1221-hATTR 118 87 s2 34 14 7
V122I-hATTR 205 122 a2 18 7 3
ATTRwt 711 a1s 188 76 24 2

Adapted from Lane, et al. Circulation. 2019;140:16-26.
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5 == Hereditary ATTR

‘Red flag’ presenting features and diagnostic testing for Cardiologist

Clinical signs / symptoms Diagnostic testing

Cardiac

Nerves

Kidney

Gl

Biventricular HF presentation
(dyspnea, orthopnea, edema)

Intolerance to HF GDMT
Low-normal BP; prior HTN
Late-onset LVH w/o HTN
Atrial fibrillation / flutter
5SS / AV block

Aortic stenosis

Carpal tunnel syndrome
Lumbar spinal stenosis
Peripheral neuropathy
Orthostatic hypotension

Renal impairment

Weight loss
Nausea, early satiety
Diarrhea/constipation

Elevated natriuretic peptides

Chronic mild troponin elevation

Negative monoclonal proteins (i.e.,

sIFE, ulFE, sFLC) Basic
Labs

Discordant LVH on imaging vs. relative

low voltage on ECG ECG

Concentric LV hypertrophy
Biventricular hypertrophy
Longitudinal strain (globally impaired,
relative apical sparing)

TTE

Diffuse subendocardial LGE
Prolonged T1 relaxation times CMR
Increased ECV

Adapted from Zhang, et al. Am J Med 2021

24
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6 == 'Red flags’ facilitate identification of hATTR-CM

DISCOVERY Study

60—
50—

40 = —

Likelihood of having a
pathogenic TTR mutation (%)

30
20

10+

40 years 50 years 60 years 70 years

m AA/Black @ AA+IVS @ AA+LVE @ AA+IVS+LVE
Akinboboye, et al. Amyloid 2020
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Diagnosing hATTR Amyloidosis
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5 =~ ECG for Cardiac Amyloidosis

{ [wﬂ

I

u f a‘u'!.

[} | avF

]'4'1

|

1‘-'2

i

| va

|\u

|vs

I\!ﬁ

Common Misconception
Low voltage ECG = sensitive for cardiac amyloidosis

Prevalence

100.00%

90.00%

80.00%

70.00%

60.00%

50.00%

40.00%

30.00%

20.00%

10.00%

0.00%

WAl Patients = AL mATTRmt = ATTRwt

. o & 2 > ) 0
\\'g'\uo ﬁ“\é 6’;’\0 N @@? ,\"p@ ﬁ&
o @3 & c}”‘& & \p.s" «
\‘:“@ _‘&Q N oﬂ? L’a‘t-o 2o
bbo -Q\'a \.‘:?‘A .‘\0\ Q&L

o s Y X

3 & 3

< Y {fo\‘b
ECG Variables I

Adapted from Cyrille, et al. Am J Cardiol 2014
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d [ ] [ (]
¢ = Echo for Cardiac Amyloidosis
2D TTE

| :
6“"LPL""I

WY

f\r | |'\

Infiltrative Features
B C

Longitudinal Strain

‘Relative’ Apical Sparing
Apical

Basal + Mid

Narotsky, et al. Canadian J Cardiol 2016

Y5202



Amyloidosis

LVH
LGE
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é z. Tc99m-PYP Scanning for ATTR-CM

Diagnostic scoring

Clinical Suspicion’

Heart failure, syncope, or bradyarrhythmia with ECG suggesting/indicating cardiac amyloid In a subgroup of 374 patients
\ with EMB:
Rule out plasma cell dyscrasia by serum and urine IFE & serum free light chains
v Absence of a monoclonal
Bone Scintigraphy protein by sFLC measurement

with “mTC-DPD/HMDP/PYP

{ 1 ==

A 4 =
s i s i Grade 2 or 3 cardiac uptake
; ‘ . on radionuclide scan
i 1t : .
\/ Vi % 100% specific for

presence of cardiac

Uptake in the heart (arrow)

id1
Grade 0 Grade 1 Grade 2to3 ATTR a mylo id
Absent cardiac Mild uptake less Moderate to higher uptake
uptake than bone than bone

|
|
Y

Diagnosis* Adapted from Gillmore, et al. Circulation 2016
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Tc99m-PYP Scanning for ATTR-CM

Diagnostic scoring

El Tc 99m scan of patient with ATTR cardiac amyloidosis

Visual score=3

EI Calculations

Visual score

0=Myocardial uptake absent
1=Myocardial uptake <rib
2=Myocardial uptake=rib
3=Myocardial uptake>rib

H/CL ratio=

H/CL ratio=2.67

(heart ROl mean counts/pixel)
(contralateral ROl mean counts/pixel)

Visual score=0

Tc 99m scan of patient without ATTR cardiac amyloidosis

H/CL ratio=1.07

Positive Tc99m scan for ATTR

Qualitative:
Quantitative:

Visual score = 2 (88% sens, 88% spec)
H/CL ratio 2 1.5 (92% sens, 97% spec)

Adapted from Castano, et al. JAMA Cardiol 2016

31
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) == Tc99m-PYP Scanning for ATTR-CM

Importance of SPECT Imaging

Adapted from Zhang, et al. Am J Med 2021
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é z=. Multi-modality Imaging for CA

CENTRAL ILLUSTRATION in Cardiac Amyloidosi:

Fontana, M. et al. J Am Coll Cardiol Img. 2019;12(11):2345-56.
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@ = Diagnostic Tests for Cardiac Amyloidosis

Raise
Suspicion

Early
Diagnosis

Diagnosis

Subtyping

Ventricular
Assessment

Prognosis

Amyloid Response
Burden to Therapy

Key

. Established Utility

v Multicenter

experiences and/or

Multiple publications

and/or

v International expert
consensus

D Potential Utility

v' Single-center

<

experiences

. Low Utility

v Case reports and
v’ Cases series

Adapted from Castano, et al. Curr Cardiovasc Risk Rep 2017
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@ == Diagnosing Cardiac Amyloidosis
Tissue biopsy . '

 Extra-cardiac biopsy
e : * Bone marrow, abdominal fat pad, labial salivary gland
Identifying Amyloid + Yield: AL (>70%), ATTRm (50-70%) ATTRwt (20-25%)

Abdominal Fat Aspirate

% Sensitily for diagnosis

AL ATTRm ATTRwt
Siddigi, et al. EHJ 2017

. ) * Endomyocardial biopsy (EMB)
Typing Amyloid « ~100% sensitive / specific
» Congo red stain to identify amyloid
« Apple green birefringence (polarized light)
* Typing of amyloid
* Immunohistochemistry (IHC)
* Less accurate; problematic high background
* Laser dissection mass spectrometry (mass spec)
* Gold standard; Mayo Clinic Lab send out

* Genetic test to establish TTR genotype

Adapted from Connors LH, et al. Circulation 2016
* Blood test - PCR




Presentation

é =~ Cardiac Amyloidosis - Duke Diagnostic Algorithm
i

Clinical Features

- Heart failure

- Autonomic
dysfunction

- Bilateral carpal

Electrocardiography

- Low wvoltage
- Infarctpattern

without history of

coronary artery

tunnel syndrome  disease

Macroglossia
- Periorbital
ecchymoses

- Conduction disease

- Atrial fibrillation

Echocardiography
- ‘I wall thickness

- Diastolic
dysfunction

- Impaired global
longitudinal
strain (GLS)

- Apical sparing on

GLS

Cardiac Magnetic

Resonance

- Diffuselate
gadolinium
enhancement

- 1~ extracellular
volume and T1

- Inability to null
myocardium

n for cardiac amyl

evaluate for both AL and TTR amyloido:

Evaluation for AL amyloidosis
- Serum immunofixation electrophoresis (IFE}
- Urine IFE
- Serum freelightchains

Evaluation for TTR amyloidosis
- ®=mTc-pyrophosphatenuclear scintigraphy

vlv—l—#

—— ———

Presence of Lack of monoclonal Mone or trace Strong uptake
monoclonal protein proteinonall 3 uptake (Grade 2 or 3) or

on any test tests (Grade 0 or 1) HfCLratioz 1.5

Suggests AL Doesnotsuggest AL DoesnotsuggestTTR SuggestsTTR

e data to determine diagni

Suggests AL, but SuggestsAlLand TTR, Doesnotsuggest SuggestsTTR, but
notTTR or indeterminate ALor TTR not AL
2 ¥ v
Perform BMB, fat Unlikely cardiac TTR gene ‘
aspirate/fatpad amyloidosis, oris sequencing
biopsy, or EMB to r rare yloid ¥
confirm amyloid Perform BMB, fat (ApoAl, AA)
deposits aspirate/fat pad wild-type TTR
biopsy, or EMB - o cardiac amyloidosis
Ifhigh suspicion or
Mass spectrametry v hereditary TTR
to confirm AL Mass spectrometry cardiac amyloidosis

cardiac amyloidosis

to determinetype
of amyloid (if any)

36
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& =2 Hereditary ATTR with Neuropathy Diagnostic Algorithm

Association.

Figure 2B

Idiopathic rapidly progressive sensory
motor axenal neuropathy + 21 of the

following |

Or
Atypical CIDP

Adams, et al. Journal of Neurology 2021

Family story
Bilateral carpal tunnel syndrome

Autonomic dysfunction
(Gl complaints (constipation, chronic

diarrhea, or both), erectile dysfunction, OH)

Unexplained weight loss
25 kilos

Cardiac hypertrophy
Heart rhythm disorders
Vitreous opacities

Renal abnormalities

37
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é o Hereditary ATTR with Neuropathy Diagnostic Algorithm
Association. COntinued

Clinical suspicion of

% Confirmation of ATTRv amyloidosis

——————— Patient follow-up after diagnosis

amyloid neuropathy
{refer fo Figure Z)

DNA sequencing
Analysis of the amyloidogenic TTR variant

Amyloid typing
Immunchistochemistry or mass spectrometry

Biopsy of amyloid deposition
Fossible biopsy sites: Labial salivary gland;

subcutanaous fatty tissue of abdominal wall; skin;

kidney, nerve; gastrointestinal tract
including submucosa

Conga red staining with characteristic
graan birefringance under polarized light

Clinical examination every & months
{every 3 months for stages I} unless
responding well to treatment

Meurology

= New or progressed symptoms

« Functicnal scores (eg, walking ability,
polyneuropathy disability, neurclogical
impairment scora)

= Autonomic (eq, bladderiurinary fract infection,

orthostatic hypotension, erectile dysfunction,
and gastroinestinal disturbances including
diarrhiea and early satialy)

Cardiclogy

+ BElectrocardiography

« Echocardiography and NT-proBNP
Ophthalmology

Modified body mass index, weight

Adams, et al. Journal of Neurology 2021
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O & Genetic Testing for Patients and Family

Disease-appropriate phenotyping to establish
clinical diagnosis or suspected diagnosis

Gather family history information, including
at minimum a 3-generation history

Identify patient(s) who should be offered genetic testing, whether index
patient or family member(s) with the most definitive phenotype

Engage genetics professionals as warranted; provide genetic counseling or refer for genetic counseling

v v
Patient agrees to genetic testing and Patient chooses not to undergo genetic testing
provides informed consent; choose
most appropriate testing modality

Clinical management based on disease-specific guidelines;
recommend cascade clinical screening for at-risk relatives

Provide genetic testing results with
post-test genetic counseling T

Consider research referral l—> Results: no variants, benign variant(s), or VUS(s) <

Results: pathogenic or

likely pathogenic variant(s) Periodic re-contact with genetics providers for
updating of genetic testing results
I
Modify clinical management as appropriate v ¥
in light of positive genetic diagnosis Variant(s) upgraded Additional genetic
to pathogenic or testing might be
likely pathogenic; indicated if improved
Recommend cascade genetic testing and patient notified tests become available
genetic counseling for at-risk relatives |
[
v ¥
Relative has positive genetic testing: Relative has negative genetic testing: Genetic testing not performed:
clinical screening, surveillance, and no extra risk to relative and relative's clinical screening, surveillance,
management due to risk of disease children, so no indication for clinical and management since relative

screening and surveillance might have pathogenic variant

Musunuru, et al. Circ Genom Precis Med 2020

Genetic testing availability:
* Clinically directed testing
* Health-system associated
cohort projects
* Direct-to-consumer genetic
testing companies
Professional genetics expertise and
counseling is a necessity in the
clinical setting
Cascade clinical screening and
genetic testing for first-degree
family members should be offered,
along with genetic counseling
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© &2 Genomics-first model for hATTR Amyloidosis

Pre-symptomatic testing

CENTRAL ILLUSTRATION Genomic Screening of TTR Variants: Study Design and Main Results

Geisinger P/LP TTR Variants
? cog'ie Genomic n =157 (0.12%)
s Screening vizz m
—lp V3OM 17
n=134753 168L 16
; T60A 8
(95% European, 3% African) Other 3

b |

TTR Variants
«Associated with Increased Odds of Heart Disease
Limited Cardiac Disease
disease Heart Failure
evidence Cardiomyopathy

Atrial Fibrillation

+Few ATTR cases
+14% IVS 21.2cm and heart disease (ATTR underdiagnosis?)

Age 60 years

Potential for genomic screening

Carry, B.J. etal. J Am Coll Cardiol CardioOnc. 2021;3(4):550-561.

Challenges
Symptomatic disease attributable to TTR
variants repeatedly underdiagnosed
clinically
Use of genetic analysis for identifying TTR
variants in the diagnostic or pre-
symptomatic setting remains uncommon
Clinical penetrance is variable and
incompletely understood; no clear
genetic predictors of who will get
symptomatic ATTR
Pre-symptomatic testing for TTR variants
(e.g., V1221) will need to be linked to
clinical tests that reliably determine
subclinical disease and response to
therapy
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id? z=~ Hereditary ATTR Take Home Points

« Hereditary ATTR presentations vary by genotype
* Mixed neuro-cardiac presentations are common
» >120 pathogenic TTR mutations
* TTR V1221 variant = most prominent in US and worldwide
» Affects 1 out of 25 people of African descent
« ATTR-CM is not an uncommon disease
» There are many undiagnosed cases in HF, Afib, AS, etc.
* Increased awareness is needed to find patients
* Be attentive to multi-systemic ‘red flags’
» Cardiac imaging techniques can increase diagnostic yield
* Biopsy no longer a necessity in hAATTR-CM
» Genomic medicine may change natural history of hATTR
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Thank You.




