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Amyloid — 2 Diseases

Transthyretin Cardiac Amyloidosis

Normal function to transport TTR composed of 4 identical subunits

T4 Vitamin A

Dissociated TTR

% monomers

Amyloidogenic
TTR intermediate

This step occurs more readily
in hereditary TTR amyloidosis
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Amyloid — 2 Diseases

Normal molecule
Transthyretin Cardiac AmyIqSSSaYI1{e Vo [SXSRTY VAN B N 4
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Normal function to transport TTR composed of 4 ide

Vitamin A

This step occurs more readily
in hereditary TTR amyloidosis




Amyloid — 2 Diseases

Normal molecule Hereditary/Mutant molecule
Transthyretin Cardiac AmyISSSRV[o RiY o [SE=RNT VAW BB = = mATTR = hATTR = vVATTR

Normal function to transport TTR composed of 4 ide

Vitamin A

This step occurs more readily
in hereditary TTR amyloidosis



Amyloid — 2 Diseases

Transthyretin Cardiac Amyloidosis

Normal function to transport TTR composed of 4 identical subunits

Vitamin A

Dissociated TTR

% monomers

Amyloidogenic
TTR intermediate

This step occurs more readily
in hereditary TTR amyloidosis

TRANSTHYRETIN (TTR)
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— 2 Diseases

Amylo

Cardiac AL Amyloidosis

0
© o
@) =
© (0]
N ©
] i
o S
>
’ =
<
‘ IA
=
/ B
S
. H“ \
=

Blood vess:

Yellow marrow

Periosteum

Compact bone

®
2
H
2
=
)
2
§
&

Light Chains

Periosteum

Tran

Normal function to trans

3

»
-

)

w

=

Ee————
= AUSTRALIA

~

L4




Amyloid — 2 Diseases

® Transthyretin Cardiac Amyloidosis

Normal function to transport TTR composed of 4 identical subunits

Vitamin A

Cardiac AL Amyloidosis
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Amyloid — 2 Diseases

P Transthyretin Cardiac Amyloidosis Cardiac AL Amyloidosis P

Normal function to transport TTR composed of 4 identical subunits

Vitamin A

Plasma Cells

Dissociated TTR

{I? ?  monomers
R
This step occurs more readily b

in hereditary TTR amyloidosis
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3 TTR intermediate
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Amyloid — 2 Diseases

P Transthyretin Cardiac Amyloidosis

Normal function to transport

Vitamin A

A

This step occurs more readily
in hereditary TTR amyloidosis vy

TTR composed of 4 identical subunits

Dissociated TTR
monomers

Amyloidogenic
TTR intermediate

Cardiac AL Amyloidosis
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Radiolabel]

d Serum Amyloid P component
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No liver or spleen
amyloid deposits

Philip Hawkins

Blue liver

No amyloid

Large liver and spleen
deposits

Liza Chacko. Circulation: Cardiovascular Imaging. Cardiac Magnetic Resonance—Derived Extracellular Volume Mapping for the

Quantification of Hepatic and Splenic Amyloid, Volume: 14, Issue: 4, DOI: (10.1161/CIRCIMAGING.121.012506)
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Low voltage ECG
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Circulation: Heart Failure ) 40% WIATTR AV blo AL subjects more often 0
Volume 13, Issue 3, March 2020 . . - aTT R h ave . .
hitps: /Idoi. org/0.1161/CIRCHEARTFAILURE. 119006619 ot prese nted Wi |ntrave ntnC' prese nted N sSinus
: prevalence :
RESEARCH LETTER compared with were al ! . rhythm and displayed
MTTR and onl common ar I feluiEiicy the typical low voltage
Baseline ECG Features and Arrhythmic Profile in - yp 9

: : diagnosis. : :
Transthyretin Versus Light Chain Cardiac Amyloidosis those with AL patients g pattern at diagnosis

Francesco Cappelli, MD", Elisa Vignini, MD ", Raffaele Martone, MD, Stefano Perlini, MD,
* AL subjects more often presented in sinus rhythm I | ' I |

PhD, Roberta Mussinelli, MD, Anna Sabena, MD, Sofia Monni, MD, Martina Gabriele, MD,
Giulia Taborchi, MD, Simone Bartolini, MD, Angelica Lossi, MD, Giulia Nardi, MD, Niccold 50

and displayed the typical low voltage pattern at AV Block >= 1 Pacemaker Low V0|tage
diagnosis.

Marchionni, MD, PhD, Carlo Di Mario, MD, PhD, lacopo Olivotto, MD, and Federico Perfetto,
MD, PhD

*  40% WtATTR patients presented with AF compared
with 20% of mTTR and only 6% of those with AL

* AV block, and intraventricular delay were also more
common among ATTR patients, leading to a
significant prevalence of device implantation before
diagnosis.

* AL (n=106) ®WATTR (n=108) ®mATTR (n=30)
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F Echo Red Flags

Aipiesal & pramitar viow (et ond parssiaral long ook ke fright] dspleying

A foim of reatictive Infiraliva cosfiormpopathy du to dapdaiion of amyloid
ryoosardium, ha typical Tembu s of CA.
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I Loaw ot levws gracilant AS
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Clinical Red Flags

F Bisteral canpal funnsl
F Soinal staneas
 Paslaibiial parpur

F Huari ialus

F Haphrolic spndsma

I Pariphanl of sulonommic newogathy
I Waight loss

Strain Analysis in CA

Wyccardial dalomation s Soamued by 2-d e nsionel speckb inecking
imaging ks vary usalul in GA. LongRudinal steain is the messemn of e longiudined
coniracshe Tunction of e haat.

When to do strain:
H fais e arylima tram s ncrmsad LV wall
Ihicimiss, sapecily i

Prograssive Sastols dymlunetion 6 @ Tealum of CA
Thils miey ainly b milldly abnoewal In ssrly singes of iha dissssa.

Pulsad wave Doppler of the mitral inflow:

This menges o o by E0A mbs (<005 sugoosting nesiriofi hamodynmmios.
Abncrmal elaaiion paRem & less commaon in CA but may e present in ey
Wi, Mot L wave 16 i U 1o slevatad Mng prassur.
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vandon; nemial B usually consldenad o

b more negaiive than <200 with an S0 of
w= 25 (Jowar M of nonsal - 169 1o - 180,
dapsnding on wander.

Valuss nearing 0% sagget mone dysiunsion and alhaer
hANCHd dise0sa of TS ProgRsion.

Sitrain pattern:

I Coarciiee EMOICCEH T SN SN Curves MEmsaniing T apical
sagmans wil e o futrer dafoec o ey fom thi 0l than P coes
reprasanting 1h bial Sbgymants. Wan plotied on & bullise, this wi
QRN & Chamoaests “wpicel spaing” patiem visaly,

Sitrain ratios:
Longhutial G170 ratios hat hiss boen digeitod, wih ha degnestic cuiots

] Iy s coigingl publicafion: propossd milse incorponmiing LV GLE for
dingreals of CA

Mol suggentive:
« Sapial or lwieral Bssue Doppler @' > 10 omds
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Key Points

= Echo may be the first clus to the dagnesis of amyloldosis.

b Clusie: thickaned myocardiom, desiol: dyalnetion,
and abagmmal strain japkoal spaning)

= Alypical or sublia findngs may be sean in ewdly deeass
& Conslder stnain imaging whanear amylold suspasiad

= [Bcho alons s nol diegrosiic of CA, nor con B difesniists beisean AL and STTR.
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Cardiac Amyloidosis

Echo for

efﬁzer

FINCreased gain: * CONMGISant Secion wWitkn and depiinc I+ EGG gating and timing of end disstole:
Higher gain results in mom speckles; i enowgh 1o inchade the full wall thickness and end systole to aortic vahme
nasad good endocandial definition. el apas and axdend bayond annulus to allow ‘opening and closing:
capture of entie LV theoughoan candiac oyche. It i vy important for evalsstion of
V{ K s and-aystolic versus pask strain veluss;
i defonmaion afer soric vahme dosure i3 not
relesant

» Ragion of interest (RO}
Irsclucle S04 of the myocandium as amor can
ooour if foo newow, favoring epicasdial or
andocandial regions. If too wide, i can lesd
o abnommal, often lower, valeas.

Standardized Acquisition and Interpreta

|Adapted from Expert Consenswus Feoommenda

LW wrall thickness. Increased LWV wall thickness {=1.3 cmj

and incresssed relative wall thickness (0,42

Myocardial echoganicity
{sparking, hypamafractils *tactum® of the
myocardium}

Airial size and function  Atrial enlesgemant and dysfunction

{20e diastolic funciion])

Intaratrdal sapbum and
vahwas

Increassd thickaning of the interatrial
saptum and valves (= 0.5 cmj

Estimated PA systolc
and fght atrial pressuns

Increased pressurss {35 mm Hy for P,
#10/mm Hy for right atrium)

LE, Longiudingl sras;
PR, puimanary artery.

'
= Longituinsl follow-Lp: 1
Using & consistant vandor allows for babler H
comparisons over ima. :

Increased echoganicity of the myoccardium

If ECES pating is incomact, e.g.. sracking p
warve, may need o manually adjust off-line.

bbb

ion of Echocardiography for CA

Dincordance bateweon ncreassd L wall thickneas relative to ECG ORS
voltaga is particularly supgestive, but nommal ECIG vwoltage can also bo seen.

Mt highly specific {diferential disgnosis includas endstage mnal dissase
or other infilrethe candicmyopathies); highly suggestive in canjunction with
sevanly reduced longitudinal function of thae LV,

Monspacific but important finding 1o support the diagnosis and potentially
providie insight into risk for stroke or arterial embolism,

Manspacific but sugpestive of the diagnosis.

Thasa an important parsmetors to estimate volume status and optimizs
diuretic dosing.

*Dortaln 5, # Al ASHGANMARELTARK HFEATSEAS LN SHWMI acperl comastss mooTemsncslions 1o mutmoda ity imeg g n
i ampioidcai: past | of 2—svidencs bams and standardiced methods o imaging. J Mol Cardiol 208282088120
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EC h O Thickened
“sparkling”
Myocardium  m

Normal LV size
and systolic
function

Thickened
“sparkling”

Myocardium Thickened
valve leaflets

Sliver of
pericardial fluid




Thick RV free
wall

Sliver of
pericardial fluid




Left atrial size—Another Differentiator for Cardiac

AmleId — LA SIZG Amyloidosis

Benjamin T. Fitzgerald, FRACP*P*, Gregory M. Scalia, FRACP?P-€,
C Peter A. Cain, FRACP?, Mario ]. Garcia, FACCY and James D. Thomas, FACC®

& Heart Care Partners, Wesley Hospital, Brisbane, Australia
® The Prince Charles Hospital, Brisbane, Australia

¢ Umiversity of Queensland, Brisbane, Australia

4 Mount Sinai School of Medicine, New York, NY, LISA

2 The Cleveland Clinic, Cleveland, OH, LISA

Very large atria

Sliver of
pericardial fluid




Severe diastolic dysfunction

AV E Vel 1.3 m/s ST A ' | Sep E' 0.04 m/s
MV DecT 115 ms call SR E/Sep E' 34
MV Dec Slope 11 m/s2 : 2 Sep A' 0.02 m/s
MV A Vel 0.4 m/s . ;
MV E/A Ratio 3.1
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Deceleration time 115ms
E/e’ 34




Amyloid - Strain Imaging

® ®
GS=-10.2%

Peak Systolic Strain

SEPT




Amyloid - Strain Imaging

Strain

GS=-9.9%

Classical apical sparing
Pattern

Averaged GLS =9.9%

Normal averaged
GLS >17%




Amyloid - Strain Imaging

Amyloid

Stain %
Basal 28.7%

8
\
\
Mid 17.9%
Apical 10.3%

Sawada et al. CASE 2019:4:54-56



MRI In Cardiac Amyloidosis

Thickend walls
Preseved function

S~ ECHO



MRI In Cardiac Amyloidosis

> _
Native T1

Numerical time parameter (ms)

Native T1 times are higher in patients with
 Amyloid (1409 = 59 ms, p < 0.0001) compared to
* Healthy controls (1225 + 21 ms),

e HCM (1266 £ 44 ms)
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MRI In Cardiac Amyloidosis

Extracellular water volume ECV

More protein = more water
* Calculated from ECV s = (1-haematocrit) X (A(1/T1,,,,)/A(1/T1p504))
 Normal ECV values of 25.3+3.5% in normal myocardium
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Amyloid — MRI ECV mapping




Amyloid — TTR Bone Scan

Transthyretin Cardiac Amyloidosis: A
Noninvasive Multimodality Approach to
Diagnosis Using Transthoracic
Echocardiography, 99m-Tc-Labeled Phosphate
Bone Scanning, and Cardiac Magnetic
Resonance Imaging

Akhil Shukla, MB BCh, BSci, David Wong, MBBS, RANZACR, Julic A. Humphries, MBBS,
BHMS(Ed), FRACP, FCSANZ, FASE, Benjamin T. Fitzgerald, MBBS, FRACP,
Katrina Newbigin, MBBS, RANZACR, John Bashford, MBBS, FRACP,
and Gregory M. Scalia, MBBS, MMecdSci, FRACP, FCSANZ, FACC, FASE, Brisbane, Australia
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CASE: Cardiovascular Imaging Case Reports

April 2017




Journal of the American College of Cardiology Vol 46, No. 6, 2005
© 2005 by the American Collsge of Cardiology Foundation ISSN 0735-1097/05/$30.00
Published by Elsevier Inc. doi10.1016/] jacc.2005.05.073

- - - - Noninvasive Etiologic Diagnosis of Cardiac
e rl I g I n I rI e rI a Amyloidosis Using **™Tc-3,3-Diphosphono-

Cardiac Imaging

1,2-Propanodicarboxylic Acid Scintigraphy

Enrica Perugini, MD,* Picr Luigi Guidalotti, MD,} Fabrizio Salvi, MD# Robin M. T. Cooke, MA,*
Cinzia Pettinato, MD,T Letizia Riva, MD,* Ornella Leone, MD,§ Mohsen Farsad, MD,}

Paolo Ciliberti, MD,* Letizia Bacchi-Reggiani, MSc, MBIOSTAT,* Francesco Fallani, MD;*

Angelo Branzi, MD,* Claudio Rapezzi, MD*

Bologna, Ttaly

Grade 0: unaffected individual without any cardiac tracer uptake
Grade 1: patient with AL and mild cardiac uptake

Grade 2: patient with ATTR and strong cardiac uptake greater than bone uptake

Grade 3: patient with ATTR and pronounced tracer uptake in the myocardium but reduced bone uptake.



Heart, Lung and Circulation (2024) 33, 420-442 ORIGINAL ARTICLE

1443-9506 /24 /%$36.00
https:/ /doi.org /10.1016/.hlc.2023.11.027

=

2024 Australia-New Zealand Expert
Consensus Statement on Cardiac
Amyloidosis

i

Nicole K. Bart, MBBS, DPhil %, Diane Fatkin, BSc(Med), FRACP, FSCANZ“,
James Gunton, MBBS, PhD ", James L. Hare, PhD, FRACP®,

Dariusz Korczyk, FRACP, FCSANZ, DDU 4 Fiona Kwok, PhD, FRACP®,
Kaitlyn Lam, MBBS, PhD ' David Russell, BMedSci, FRACP, FCSANZ %,
Hasib Sidiqi, MBBS, PhD ", Tim Sutton, FRACP, FCSANZ’,

Simon D.J. Gibbs, FRACP, FRCPA/,

Peter Mollee, MMedSc, FRACP, FRCPA ¥, Liza Thomas, MBBS, PhD "*
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reatment of amyloidosis

miNA TETRAMER msowu: AMYLOID FIBERS ,
o MISFOLDED 3
. MISFOLDED LC
& Mo':?"‘“ o MONOMIRS
- (NS0 o |’
— £ 1w - g ']“" ‘Il“ - X \' l— —
TTR PRODUCTION RS T— ABNORMAL
TRANSTHYRETIN L
- 4 ANS ETIN TETRAMER P ! I PLASMA CELLS -
STABILIZATION — m mm
- — _ ; TORMATION
TRANSTHYRETINSYNTMESIS  acio DIFLUNISAL ——
INHINTION . TAFAMIDIS TOLCAPONE BIPOSITION DOKVCVELINE 1
- 1N THE HEART 1 I
INOTERSEN ‘ | T i ‘
PATISIRAN REMOVAL OF MISFOLDED REDUCTION [N LIGHT CHAIN PRODUCTION
: ; il
LENALIDOMIDE CARFRLZOMIB
REMOVAL OF TRANSTHYRETIN DARATUMUMAS XAZOMIE
AMYLOID DEPOSITS POMALIDOMIDE MELPHALN |
' . BORTEZOMIB  CYCLOPHOSPHAMIDE |
PRXDOS 1-1M4 ISATUXIMAB STEM CELL

TRANSPLANTATION

DOXYCYCUINE-TUDCA

HEART FAILURE SYMPTOMS RELIEF * MANAGEMENT OF CONDUCTION DISORDERS

OPTIMIZATION OF FLUID STATUS * INDIVIDUALIZED DECISION ON
ANTICOAGULATION IN AF** PACEMAKER INDICATION §
INDIVIDUALIZED DECISION ON 1CD
AND OR CRT INDICATION ¥
SUPPORT THERAPIES
1
HEART TRANSPLANTATION N AL

HEART AND LIVER TRANSPLANTATION IN ATTR
LEFT VENTRICULAR DEVICE *




Treatment of AL amyloidosis




Treatment of AL amyloidosis

 Peripheral Stem Cell Transplant

« Harvest cell from blood (not
marrow)

« High Dose chemotherapy
And/or

 Modern treatments now use
« Bortezomib (Velcade)

. _ - = \ Stem cell
Thalidomide-type drugs : _ | concentrate

« Marked reduction in cell clone
numbers/paraprotein excretion




AL - Amyloid cell transplant




Regression of AL amyloidosis

o
Li ystolic
ANTSEPT @ Regression of the Anatomic Cardiac Features of
I Amyloid Light Chain Cardiac Amyloidosis

Accompanied by Normalization of Global
Longitudinal Strain

-20.0 ‘ -Z0.
Pre-PBSCT Benjamin T. Fitzgerald, MBBS, John Bashford, MBBS, and Gregory M. Scalia, MBBS,
LAT ;

Auchenflower, Queensland, Australin

CASE: Cardiovascular Imaging Case Reports

POST Ave GLS -8% Ave GLS -11% Volume 1 Number 2

|Peak Systolic Strain| | Peak Systolic Strain|
ANT.SEPT ks ANE.SEPT

24 months
post- PBSCT




Deceleration time 189ms

Regression of AL amyloidosis |ee =7

Normal diastolic

0 f‘ e * . H,

1 MV E Vel 0.62 m/s - | Sep E' 0.09 m/s
MY DecT 189.46 ms : E/Sep E' &.76
MV Dec Slope 3.30 m/s2 =
MY A Vel 0.39 m/s
MY E/A Ratio 1.59




Treatment of TTR amyloidosis
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European Heart Journal (2021) 00, 1-15

Avallable and future disease-modifying Rx for aTTR

Patisiran
o Inotersen
o Vutrisiran
o TTR-LRx

* Liver Transplantation ik’
* Genetic editing
* Genetic Silencers

* Tafamidis 72(*
« Diflunisal ‘lﬁ{*

Dimers
* Acoramidis *

=

7~
TTR stabilization 5

TR 5 PR
~ - Dissociation
production Ay o -

o’ ~— Ay b

L S’
TTR
tetramer ][
Amyloid fibrils

Elimination of deposits

« Doxycicline 5.
* Doxycicline - TUDCA

+ ECGC (green tea) *

* Antibodies

e}

o

PRX004 *
*

NI1006

*

—_—
= w

Monomers




Avallable and future disease-modifying Rx for aTTR

« Liver Transplantation ﬁ

* Genetic editing
* Genetic Silencers

= Patisiran
o Inotersen
o Vutrisiran

o  TTR-LRx 93
~
Synthesis suppression E

>

TTR W

production Ay e
- -

TTR
tetramer




Avallable and future disease-modifying Rx for aTTR

* Liver Transplantation 5:\3

* Genetic editing
* Genetic Silencers

o Patisiran Sk*
. * Tafamidis ')J«\:\’*
? Inotersenﬁﬁ( * Diflunisal *‘){:{

O Vutrisiran* Dimers
o  TTR-LRx _ * Acoramidis * =
N ’
- TTR stabilization E
a2 . > |
N1 e
TR % oy
~ -’ Dissociation
production Ay Y -
L-— N
TTR
tetramer 4+ |

—
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;\‘-E’/’; AUSTRALIA
S e



Avallable and future disease-modifying Rx for aTTR

* Genetic editing
* Genetic Silencers
Patisiran
o Inotersen
o Vutrisiran
o TTR-LRx

TR
production

Amyloid fibrils

* Doxycicline - TUDCA
* ECGC (green tea) 7,'\(

* Antibodies
o PRX004 *

o NIOO6 *

* Liver Transplantation ﬁ

~ B

TTR
tetramer

* Tafamidis **
« Diflunisal 7:%*
* Acoramidis *

TTR stabilization

—

Dissociation

Dimers
7~

kodod

.

4

Monomers




Avallable and future disease-modifying Rx for aTTR

Amyloid fibrils

Elimination of deposits
* Doxycicline 5.8

* Doxycicline - TUDCA *
* ECGC (green tea) -ﬁ(

* Antibodies
o PRX004 *

o NIOO6 *




TTR Amyloid Treatment

e NEW ENGLAN D
JOURNAL of MEDICINE

ESTAELISHED IN 1R12 SEPTEMEBER 13, 2018 VOL, 379  NO, 11

Tafamidis Treatment for Patients with Transthyretin Amyloid
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TTR Amyloid Treatment
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TTR Amyloid Treatment
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Tafamidis reduces the decline in the 6MWT distance and KCCQ-0OS
score at 30 months
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Effect of tafamidis on global longitudinal strain and myocardial work in aTTR
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Tafamidis Decreases Cardiac Uptake of 99mTc-HMDP in ATTR
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ESC Guidelines

Recommendations Class?® | Level®

Tafamidis is recommended in patients with genetic testing proven hereditary hTTR-CMP and NYHA class | or Il symptoms

to reduce symptoms and CV hospitalization and mortality.

Tafamidis is recommended in patients with wtTTR-CA and NYHA class | or Il symptoms to reduce symptoms and CV

hospitalization and mortality.
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Mechanisms of action of ATTR-CM new treatments
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Undergoing Clinical Trial including ATTR-WT
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BACKGROUND Transthvretin amvloidosis, also called ATTR amvloidosis, is associated with Print Subscriber? Activate your online access.
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accumulation of ATTR amyloid deposits in the heart and commonly manifests as progressive

cardiomyopathy. Patisiran, an RNA interference therapeutic agent, inhibirts the production of hepatic
~ . Related Articles
transthyretin.




A% The NEW ENGLAND

Appolo-B results: ATTR-CA

Primary Endpoint Secondary Endpoint
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Mechanisms of action of ATTR-CM new treatments
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NI006 - Depletion
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CORRESPONDENCE
BACKGROUND
. L ea . . . . . Antibody NIOOG for Cardiac Transthyretin Amyloid
Transthyretin amyloid (ATTR.) cardiomyopathy is a progressive and fatal disease caused by misfolded Depletion
i

transthyretin. Despite advances in slowing disease progression, there is no available treatment that

depletes ATTR from the heart for the amelioration of cardiac dvsfunction. NIOOG is a recombinant

human and-ATTR antbody that was developed for the removal of ATTR by phagocytic immune cells. (NEJM
CareerCenter
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Markers of Cardiac Amyloid Load
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Changes in Cardiac Fixation NI0O06 antibody
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CrisprCas9: First gene therapy results for ATTR : One injection (n=6,

‘ ORIGINAL ARTICLE ‘

CRISPR-Cas9 In Vivo Gene Editing for
Transthyretin Amyloidosis
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Cardiac Amyloidosis 2025
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