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Main Types of Cardiac Amyloidosis

Immunoglobulin light chain

amyloidosis (AL)3

f

Account for more than 95% of all
cardiac amyloidosis diagnoses?

1. Donnelly J, Hanna M. Cleve Clin J Med. 2017;84(12 suppl 3):12-26. 2. Siddiqi OK, Ruberg FL. Trends Cardiovasc Med. 2018;28:10-21. 3. Kholova I, Niessen HW. J Clin Pathol. 2005;58:125-133.
4. Adams D, et al. Curr Opin Neurol. 2016;29(suppl 1):S14-S26.



ATTR-CM Has 2 Subtypes: Wild-Type and Hereditary!-2

ransthyretin amyloidosis*
 widype Hereditary!

ATTR Mixed ATTR ATTR
cardiomyopathy?# | cardiomyopathy/ | polyneuropathy?#
polyneuropathy?

i.e i.e., I.e.,

V122| V3OM V3O0M
T60A (late onset) (early onset)

Transthyretin amyloid cardiomyopath Transthyretin
amyloid
polyneuropathy

*The clinical presentation in ATTR differs according to the underlying mutation.

TThe mutations shown above are the most common mutations in ATTR.®

1. Nativi-Nicolau J, et al. Curr Opin Cardiol. 2018;33:571-579. 2. Rapezzi C, et al. Eur Heart J. 2013;34:520-528. 3. Maurer MS, et al. J Am Coll Cardiol. 2016;63:161-172.
4. Gonzalez-Lopez E, et al. Rev Esp Cardiol. 2017;70:991-1004.



Raising Clinical Suspicion

* Clinical Presentation

* Biomarkers

* Electrocardiogram (ECG)

* Transthoracic Echocardiography (TTE)

e Cardiac MRI



Clinical Presentation



Signs and Symptoms That May Present in Patients With ATTR-CM?*-13

Cardiovascular Ocular
» Heart failure » Vitreous opacity
» Intolerance to standard HF therapies » Glaucoma
» Low voltage relative to LV thickness
» Echocardiography showing Musculoskeletal/Orthopedic
increased LV wall thickness » Biceps tendon rupture
» Cardiac arrhythmia » Lumbar spinal stenosis
»  Aortic stenosis » Carpal tunnel syndrome
» Hip/knee arthroplasty
Nervous System
»  Autonomic :
»  Autonomic neuropathy Renal . .
»  Gastrointestinal complaints > Renal impairment
»  Unexplained weight loss >  Cardiorenal syndrome
»  Orthostatic hypotension
»  Sexual impotence
» Peripheral
» Peripheral sensory motor
dysfunction
» Peripheral neuropathy

Nativi-Nicolau J, et al. Curr Opin Cardiol. 2018;33:571-579. 2. Narotsky DL, et al. Can J Cardiol. 2016;32:1166.e1-e10. 3. Maurer MS, et al. Circulation. 2017;135:1357-1377. 4. Brunjes DL, et al. J Card Fail.
2016;22:996-1003. 5. Siddiqgi OK, Ruberg FL. Trends Cardiovasc Med. 2018;28:10-21. 6. Maurer MS, et al. J Am Coll Cardiol. 2016;63:161-172. 7. Gonzélez-Lopez E, et al. Rev Esp Cardiol. 2017;70:991-1004.
8. Reynolds MM, et al. Am J Ophthalmol. 2017;183:156-162. 9. Rubin J, et al. Amyloid. 2017;24:224-228. 10. Dang J, et al. Mayo Clin Proc. 2019;94:961-975.

11. Castano A, et al. Eur Heart J. 2017;38:2879-2887. 12. Gillmore JD, et al. Eur Heart J. 2018;39:2799-2806. 13. Treibel TA, et al. Circ Cardiovasc Imaging. 2016;9:54-63.



Prevalence of wtATTR-CA among patients with severe AS undergoing TAVR

ATTR-CA
4%

16% undergoing TAVR
6% undergoing SAVR

Castano et al. European Heart J. 2017.
Treibel et al. Circulation CV Imaging. 2016.



Cardiac Amyloid Screening Pre TAVR

Age >65y Severe AS
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Biomarkers



Laboratory/Biomarker Clues!-3

Cardiac
biomarkers

Laboratory tests

(to rule out
AL amyloidosis)

1. Donnelly JP, Hanna M. Cleve Clin J Med. 2017;84(12 suppl 3):12-26. 2. Nativi-Nicolau J, Maurer MS. Curr Opin Cardiol. 2018;33:571-579. 3. Ruberg FL, Berk JL. Circulation. 2012;126:1286-1300.



Electrocardiogram



Electrocardiogram (ECG)1+4

» Discordance between LV wall
thickness and QRS voltage

» Pseudoinfarct patterns in up to
70% of cases

\

Conduction disease

\4

Atrioventricular block in up to 22%
of cases

» Atrial fibrillation

ECG showing low voltage throughout, pseudoinfarcts in the anterior and inferior leads, and
poor R-wave progression.
Figure used with permission from Edwards et al.*

Prevalence of low QRS voltage varies: ATTR-CM (20%) and AL amyloidosis (60%)

1. Siddigi OK, Ruberg FL. Trends Cardiovasc Med. 2018;28:10-21. 2. Maurer MS, et al. Circulation. 2017;135:1357-1377. 3. Donnelly J, Hanna M.
Cleve Clin J Med. 2017;84(12 suppl 3):12-26. 4. Edwards A, et al. J Integr Cardiol. 2015;1:40-45.



Echocardiogram



Echocardiographic Images in Cardiac Amyloidosis
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SADe Basal septal LS

Cardiac amyloidosis Perform addit

Sensitivity 98% (97%-99%) Sensitivity 61% (57%-66%) Sensitivity 46% (42%-50%)
Specificity 19% (15%-24%) Specificity 27% (22%-32%) Specificity 98% (95%-99%)

3

135 patients (15%) 498 patients (54%) 290 patients (31%)
<2 points 2 - 7 points 28 points

n=923

IWT Score .
Increased Wall Thickness Score
AUC = 0.87

(95% CI: 0.85-0.90) for the diagnosis of TTR-CM

RWT >0.6 3 points
E/e’ >N 1 point
PARAMETERS | TAPSE <19 mm 2 points
LS 2-13% 1 point
SAB>29 3 points

Boldrini, M. et al. J Am Coll Cardiol Img. 2020;13(4):909



The septal reflectivity ratio
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Cardiac MR



Magnetic Resonance Imaging in Cardiac Amyloidosis

Maceria A. Circulation 23005



Extracellular volume fraction in amyloidosis

T1 Mapping and ECV in clinical practice
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Clinical Applications of >™Tc-PYP Imaging
in Suspected Cardiac Amyloidosis



Nuclear Imaging Modalities

Bone Seeking Tracers

o PMTc-pyrophosphate (PYP)
o PMTc-hydroxymethylene diphosphonate (HMDP)
« PMTc-3,3-diphosphono-1,2-propanodicarboxylic acid (DPD)
* PET tracers: 18F-NaF
Sympathetic Innervation

o 123I.mIBG
Amyloid Deposits
o PMTc-aprotinin and 123|-SAP

* PET tracers: 8F-florbetapir , 18F-florbetaben, F-18 flutemetamol and ! C-PIB
(Pittsburgh Compound B)

Other Tracers

» 8Ga, n-antimyosin, 1C-choline
Bokhari S, et al: J Nucl Cardiol. 2014;21:175-184.



PmTc-DPD Scintigraphy in Transthyretin-Related
Familial Amyloidotic Polyneuropathy (FAP)

8 pts with ATTR-FAP (4 M, mean 54 +/- 8 years) and
10 control oncological out-pts

 WB tracer retention at 3 hour and heart-to-whole
body uptake ratio

* The 3 FAP patients with highest uptake had CM &
arrhythmia

#mTc-DPD scintigraphy is proposed as a simple and valuable diagnostic aid to evaluate the
severity of the disease and the risk of concomitant heart problems

Puille M, et al. Eur J Nucl Med Mol Imaging. 2002;29:376-379.



Diagnostic Value of °°™Tc-DPD

Heart retention

—PpP<0.05 —m

—— P <0.06——
— P <0.05——

Group A Group B Controls
TTRCA ALCA
n=15 n=10 n=10

Whole Body retention

P | —

Group A Group B Controls
TTRCA ALCA
n=15 n=10 n=10

Heart / Whole body retention

————— p<005 ——
—pP<005 —,y

Perugini E, et al: J Am Coll Cardiol. 2005;46:1076-1084.



Resurrecting °™Tc-PYP

An old test gains new purpose
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Comparison of >™Tc-DPD and *°™Tc-PYP Scan Timelines

9mTc-DPD 25-30 mCi
Study Time: 220 min
Imaging Time: 64 min

l RIPIanar SPECT 99mTc_PYP 10 mCi Planar SPECT

Study Time: 60 to 80 min
Imaging Time: 5 to 20 min

Bokhari et al: Circ Cardiovasc Imag. 2013;6:195-201. Bokhari et al. J Nucl Cardiol. 2018;25:181-190.



Quantitative Score

Sn 97%

o contralateral ratio (H/ICL)
P memes soe
-eeee WeSe & &

46 6.9

o
24,605 47,588 Sp 100%
3,376.5 mm?2,376.5 mm?

ATTRwt ATTRm

ATTR

Bokhari et al: Circ Cardiovasc Imag. 2013;6:195-201.



Both Planar and SPECT Imaging should be reviewed and
Interpreted using visual and quantitative approaches

SPECT imaging is necessary for studies that show planar cardiac uptake because it can help
differentiate myocardial uptake from blood pool

Anterior Lateral Anterior & it

9mTc-PYP

Planar

, n
Visual B ; £ 25081 mme 22815
H/CL=183 ; 2,598.1 mm?2

’ I

g mnininn

Top row is 1 hour incubation, SPECT revealing
blood pool. Bottom row is 3- hour delayed imaging = SPECT/CT fusion images reveal myocardial
Positive SPECT with no blood pool revealing clearance of blood pool uptake and no blood pool



Expert Consensus Recommendations for the Suspicion and Diagnosis of ATTR-CM

[

* SPEP/UPEP not as sensitive as IFE
¢ Normal K/L ratio in severe kidney disease: 0.54-3.30

Symptoms, ECG, Echo or MRI
suggestive of cardiac amyloidosis

[

J

Screen for the presence of a monoclonal protein
Order the following threetests:

- Serum kappa/lambda free light chain ratio (abnormal if ratiois < 0.26 or >1.65)
- Serum Protein Immunofixation (abnormal if monoclonal protein is detected)
- Urine Protein Immunofixation (abnormal if monoclonal protein is detected)

€s
Y -

e Cardiac scintigraphy could be
ordered simultaneously for
efficiency but must be interpreted
in the context of the negative
monoclonal protein screen

¢ Avoid false positives:

SPECT imaging to exclude
blood pool uptake

* Avoid false negatives: consider
biopsy if scan is negative/equivocal
but clinical suspicion is high

v

Surrogate site (fat pad)

lacks sensitivity Bone Scintigraphy

Available?

)

s

Referral to Hematology and yes |

v

v

. J

/Biopsy of clinically involved organ \

(cardiac or renal) or fat pad*

* If fat pad is negative, biopsy of involved
organ is required

Non-invasive evaluation with
Bone Scintigraphy

- Positive Bone Scintigraphy i,

- Positive Congo Red and

Invasive evaluation with
Heart Biopsy
Positive Congo Red and

- Tissue typing by mass spectrometry
or immuno-staining

- Tissue typing by mass spectrometry or
immuno-staining

- J

‘ no yes

v

v

v v

yes

v v

Cardiac
Amyloidosis
Unlikely

Cardiac
Amyloidosis
Unlikely

ATTR

AL, ATTR, other
Amyloidosis

amyloidosis and/or MGUS

ATIR
Amyloidosis

Cardiac
Amyloidosis
Unlikely

[Genetic Testing

]

[ Genetic Testing

1

f— 1

(v | (e (vt | rven|

)

Maurer, Bokhari et al; Circulation Heart Failure, 2019.




GENETIC TESTING AND COUNSELING ARE
RECOMMENDED

TO DISTINGUISH BETWEEN HEREDITARY AND
WILD-TYPE ATTR-CM

 WtATTR-CM and hATTR cannot be distinguished
by clinical profile alone

* Genetic counseling and TTR gene sequencing are
both recommended in all forms of confirmed
ATTR-CM

* In healthy relatives of patients with hATTR, pre-
and post-genetic test counseling may be offered
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l Less Accurate l More Accurate ]

Sensitivity | ___ATTRCM | ALIM

ATTRwWt-CM  ATTRv-CM

Abdominal fat pad 14-16% 45-67% 73-84%
Bone marrow 30-38% 41-47% 60%

Endomyocardial biopsy 100% 100% 100%

Cohen OC et al. Eur ) Haematol. 2020 Sep;105(3):352-356
MM

e £ ; , 9 241 1GOL 10N
Quarts CC et o, Eur Heart ), 2017 Jun Jl,;:ﬁ\;w‘. 19051908

Fine NM et al. Am J Cardiol 2014 May 15:113(10):1723-7




CARDIAC TISSUE BIOPSY IS AN INVASIVE TECHNIQUE USED TO HELP DIAGNOSE ATTR-CM

* Documents the extent of
amyloid infiltration

* Provides definitive etiologic
classification of the
amyloidogenic protein

* Achieves a definitive
classification to help rule out
AL amyloidosis




TISSUE TYPING AFTER BIOPSY CAN PROVIDE ETIOLOGIC
CLASSIFICATION OF THE AMYLOIDOGENIC PROTEIN

IMMUNOHISTOCHEMISTRY? MASS SPECTROMETRY#>
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A Simple Score to Predict ATTR- CM

TS
or 70-79 -

0.89
(0.86-0.92)

Derivatiol 5%
lic ] 0, 084 0, 0, 0, 0,
Ejection Fraction < 60% s
Posterior Wall A Tt 1
Thickness -
Relative Wall
: > 0.57 2
Thickness
Hypertension Hx Present Davies et al, JACC 2021

93% 62% 67% 91%




Thank you for
listening!
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