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AL amyloidosis: The journey to Diagnosis

In the 2 years before being diagnosed with light chain amyloidosis, 72% of people visited heart doctors. 

Lyons, et al. Future Cardiol 2025



99mTc-PYP/-DPD/-HMDP
Grade 2/3 uptake1,2

Consultation with hematologist
Biospy (affected organ/surrogate site)

• Positive Congo red
• Tissue typing by LC-MS/IEM1,2

2023 ACC Expert Consensus Decision Pathway

Image adapted from Kittleson MM, et al. JACC 2023



Arbelo, et al. Eur Hearet J 2023

2023 ESC Guidelines for the management of cardiomyopathies 



Sequence of testing is essential!

Muchtar, et al. Amyloid 2025Milani, et al. Amyloid 2024



AL amyloidosis: The journey to Diagnosis

Kourelis et al. Am J Hematol 2014

MGUS
(80%)

SMM
(14%)

SWM
(5%)

Others
(1%)

152 pts with 
monoclonal 

gammopathy

AL amyloidosis is diagnosed late also in patients with a known monoclonal 
gammopathy followed by a hematologist
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AL amyloidosis: The journey to Diagnosis

Pavia Amyloidosis center cohort of 937 patients diagnosed from 2016 to 2023



Is screening possible for early rule in strategy?

Populations at risk

• Lambda isotype (80%)

• LC germline gene: IGLV6-57 (kidney), IGKV1 (soft tissue), IGLV1-44 and IGLV3 (heart)

• N-glycosylation of kappa LC in specific regions

• 98% of patients with a known pre-existing MGUS have abnormal FLCR 

Comenzo, et al. Blood 2001
Perfetti, et al. Blood 2002
Prokaeva, et al. Arthritis Rhem 2007
Prokaeva. Amyloid 2010

Perfetti, et al. Blood 2012
Merlini & Palladini.Hematology 2012
Kumar et al. Leukemia 2017
Nevone et al. Leukemia 2022



Is screening possible for early rule in strategy?

The M-Ig was present in 100%, 80%, and 42% of cases at 
less than 4 years, 4 to 11 years, and more than 11 years 
before diagnosis, respectively.

The median FLC differential (FLC-diff) was higher in cases 
compared with controls at all time periods

The FLC-diff was greater than 23 mg/L in 85% of cases 
and 0% of controls (P<0.001).

The FLC-diff level increased more than 10% per year in 
84% of cases compared with 16% of controls (P<0.001)

Weiss et al. JCO 2014



Is screening possible for early rule in strategy? → IGLV gene use et al.

[…] we show that in patients with λ MGUS or SMM 
the use of two variables, a dFLC > 23mg/L and the 
presence of an AL-related IGLV gene, may enable 
early diagnosis of AL […]

[…] we used age, the FLC criterion of a dFLC > 23 mg/L, 
and the presence of AL-related IGVL genes to evaluate 
the screening results for the presence of AL in patients 
with λ SMM and MGUS […]

[…] These results justify a larger study screening for AL 
in SMM to develop a likelihood algorithm for AL […]



Is screening possible for early rule in strategy? → biomarker based

1375 pts
MC with abnormal FLCR 

1315 pts
Normal biomarkers

Follow-up with no need for 
further investigations

22 pts (1.6%)
 2.5 per 1000 person-year

Presymptomatic AL cases

38 pts
No AL amyloidosis

Diagnosis after further investigations
• 12 Diabetic nephropathy
• 8 Hypertensive nephrosclerosis
• 9 Hypertensive cardiomyopathy
• 7 Arrhythmias of new onset
• 2 Nonalcoholic fatty liver disease 

Biomarker 
screening

60 pts (4.3%)
Alteration of ≥1 biomarkers

AL Amyloidosis 
workup

Additional tests in negative patients

• Renal biopsy: 20 patients
• Cardiac MRI: 9 patients

Mangiacavalli et al. Am J Hematol 2024



Conclusions

• Early detection of monoclonal protein is fundamental in patients with suspected 
systemic amyloidosis

• The correct sequence of testing is crucial for avoiding critical delays

• In patients with known MGUS, should we suggest a screening program (?)



Acknowledgments

Giovanni Palladini
Giampaolo Merlini
Marco Basset
Claudia Bellofiore
Serena Caminito
Anna Carnevale
Simona Casarini
Valeria Di Simone
Andrea Foli
Margherita Massa
Giulia Mazzini
Martina Nanci
Roberta Mussinelli
Alice Nevone
Mario Nuvolone
Laura Obici
Paola Rognoni
Giuseppe Damiano Sanna
Study Coordinators and data managers

Emergency Medicine 
Stefano Perlini
Francesco Salinaro

Nuclear Medicine Department
Giorgio Cavenaghi
Giulia Manfrinato
Giovanna Pepe

Founding/support

Hematology Unit
Luca Arcaini
Claudio Cartia
Silvia Mangiacavalli
Marzia Varettoni

Cardiology Unit
Leonardo De Luca
Stefano Ghio
Laura Scelsi
Annalisa Turco

Clinical Chemistry Laboratory
Riccardo Albertini
Tiziana Bosoni

Amyloidosis Research and Treatment Center

FC AECC and AIRC under the 
Accelerator Award Program

Cancer Research UK

Radiology Unit
Emilio Bassi
Lorenzo Preda
Adele Valentini
Michela Zacchino



Martha Grogan, MD

Founder and Director, Cardiac Amyloid Clinic

Mayo Clinic, Rochester, MN

Screening and early diagnosis of AL amyloidosis 

 Early rule out in cardiology



Martha Grogan, MD

Founder and Director, Cardiac Amyloid Clinic

Mayo Clinic, Rochester, MN

Screening and early diagnosis of AL amyloidosis 
Early “rule in or out ” of AL in cardiology



63-Year-Old Female, Diagnosis of ATTR-WT
On Tafamidis two Years, referred ? GI amyloid

• No prior cardiac history, no HTN; presented with AF with RVR
• Echo- septal thickening, abnormal strain, consistent with amyloid
• CMR – suggestive of amyloid
• PYP- grade 2 uptake, c/w ATTR; screening for AL negative
• DNA TTR - negative

• Tafamidis  started two years ago
• GI – biggest problem, alternating diarrhea, constipation, 

bloating
• Colonoscopy elsewhere negative, stains for amyloid not done



63-Year-Old Female, Diagnosis of ATTR-WT
On Tafamidis two Years, referred ? GI amyloid



63-YEAR-OLD FEMALE, DIAGNOSIS OF ATTR-WT

YOUR NEXT STEP?

1. Repeat CMR
2. Cardiac Biopsy
3. Repeat PYP
4. ECG
5. Something else



63-YEAR-OLD FEMALE, DIAGNOSIS OF ATTR-WT

YOUR NEXT STEP?

1. Repeat CMR
2. Cardiac Biopsy
3. Repeat PYP
4. ECG
5. Something else



ECG

Genetic testing for TTR – negative 

Panel showed MHY7 variant 



Mayo PYP Negative
What else would you like to see?

PYP 2.5 years ago

Pearl: PYP may become negative on stabilizer treatment without regression 

of disease, always review pre-treatment images

DIAGNOSIS: NON-OBSTRUCTIVE HCM DUE TO MHY7 VARIANT



56-Year-Old Male, elevated NT-BNP on 
insurance Exam

AI ECG



60-Year-Old Male, 3rd opinion - pulmonary
Small pleural effusions, hair loss,  Normal echo 6 months ago

Strain -8%,
CI 2.0 l/min/m2

SVI = 20 ml

Restrictive Filling
Decel time 110 ms

Septal Thickness,
18 mm



Dx = Rapidly Progressive Cardiac, Renal AL
Rx = Daratumumab, Cy-Bor-D, Dramatic response

Strain -17%, CI = 2.5  

SVI = 35 ml
Decel = 233 msec Septum = 12 mm



Newly diagnosed Myeloma
Outside echo: Hypertrophic Cardiomyopathy (HCM)

Mayo Cardiac MRI :

Consistent with HCM

How common is HCM?
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HARNESSING THE POWER OF AI ECG TO 
PROMOTE EARLY DIAGNOSIS

• Challenges:

• Prevalence Uncertain

• Positive Predictive Value

• True Negative Controls

• Gold Standard is not easy

AI APPLIED TO: MEDICAL RECORD, BLOOD 

TESTS, ECG, CARDIAC IMAGING, PATHOLOGY

REAL WORLD 

IMPLEMENTATION



Why Use AI-Enhanced ECG?

• AI, artificial intelligence.
Most patients 

have an ECG 

performed early in 

their diagnostic 

journey

▪ Often when 

amyloidosis has not 

yet been considered
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THIS TOOL WORKS GREAT IN 
AMYLOID CLINIC

WHAT IS THE PROBLEM?
Despite a high negative predictive value (99%), the low prevalence of 
amyloidosis results in a low positive predictive value in unselected 
populations (8% Mayo Clinic ECGs positive)

Non-amyloid providers could be overwhelmed by false positive results
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CONFUSION MATRICES FOR THE 12-LEAD AI-ECG AMYLOID 
MODEL AT DIFFERENT THRESHOLDS AND PREVALENCE. 

Scenario Threshold Prevalence 

%

Sensitivity Specificity PPV NPV

1 0.485 51 81 89 89 82

2 0.485 15 81 89 57 96

3 0.8 51 60 97 95 70

4 0.8 15 60 97 76 93

5 0.8 5 60 97 49 98

6 0.3 5 90 72 15 99

PPV, positive predictive value; NPV, negative predictive value
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WHY A PRAGMATIC CLINICAL TRIAL?

Pragmatic trials are designed to evaluate the effectiveness of 

interventions in real-life routine practice conditions

The AI ECG algorithm won’t be useful if providers don’t use it

Randomize Providers to 

Intervention (Algorithm Alerts, 

amyloid order sets, Amyloid 

Content) or No Intervention

Primary Outcome: 

Rate of Diagnosis of Cardiac 

Amyloid within six months

Secondary Outcomes: 

• Stage at diagnosis

• Utilization of diagnostic tests 

for amyloidosis

• Provider satisfaction
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Urine 

tests

Model

Prospective clinical application 

in Pragmatic Trial

AI EKG algorithm

Satisfies threshold for 

positive

Electronic health 

record

Machine learning

NLP symptoms,

ICD codes,

Imaging, blood, urine

Identify important variables

and phenotypes

Internal validation

Aim 1

Aim 2

Augmented

AI EKG algorithm







AI ECG



AI ECG “corrected” for false sex



A Tale of Two Tracers –

A Qualitative Comparison of the PET and SPECT 

Amyloid-Imaging Agents, 124I-evuzamitide (AT-01) 

and 99mTc-p5+14 (AT-05), that are Derived from the 
Same Synthetic Amyloid-Binding Peptide, p5+14

Jon Wall
jwall@utmck.edu 

mailto:jwall@utmck.edu
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Uptake of 124I-evuzamitide Correlates with Measures 
of Cardiac Function and Structure and QoL 

Uptake of 99mTc-p5+14 (1 h pi) may Detect Early 
Cardiac Amyloid 

5 h pi

1 h pi
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NEW IMAGING AGENTS PLAY A KEY ROLE

Multimodal: clinical, lab, imaging– most 

important to suggest the diagnosis when not 

yet considered

PET and SPECT tracers and improved 

diagnostics fusing AI to complement traditional 

diagnostics: echo, MRI, path

1

2

3

EARLY RULE OUT 
(RULE IN) OF AL 
CARDIAC 
AMYLOIDOSIS

AI MODELS RAPIDLY BEING DEVELOPED

SUMMARY

HEMATOLOGISTS NEED TO LEARN ATTR 
(AND HCM!) JUST AS CARDIOLOGISTS 
LEARN AL



Summary

•
124I-evuzamitide (PET):

o High resolution and quantitative imaging. Enabling accurate assessment of early focal as well as  
diffuse amyloid deposits.

o High sensitivity. Demonstrated ~96% cardiac detection in AL and ATTR patients with amyloidosis, 
with uptake observed in multiple organs. 

o Therapy monitoring. Quantitative PET/CT imaging may allow tracking changes in organ-specific 
amyloid load in response to therapy.

o Whole-body imaging. PET/CT can survey all organs in one study that can be rapidly performed.

o Regulatory support. BTD has been granted by the US FDA. Orphan drug designation has been 
granted for AL and ATTR, both in the US and European Union. The Phase 3 REVEAL study is 
underway with results expected in early 2026 (NCT06788535). – Dr. Dorbala and Spencer Guthrie.

•
99mTc-p5+14 (SPECT):

o Accessibility. Technetium-99m is generator-produced and radiotracer synthesis is rapid. Kits can 
be developed allowing widespread adoption; SPECT cameras are ubiquitous. 

o Rapid imaging workflow. Scans at 1 h post-injection fit routine practice.

o Pan-amyloid binding. Like 124I-evuzamitide, it binds and images both AL and ATTR amyloid. 



124I-evuzamitide 124Tc-p5+14

parotid gland
thyroid gland

shouldershoulder
lung
heart
spleen

liver
adipose

lung
heart
spleen
liver

adipose

pancreas
kidney
adrenal

bone

pituitary
choroid plexus

joints

joints
spine

Extracardiac Uptake of Radiolabeled p5+14

lymph nodesLu
H H

PK

F J

J

F

F

H

Spine

Li

K

Sp

A
K

BL

BL

BL

BM

BM
Li

CP
Pit

Li

K

Sp

P

BM

Li

P

HH H
H

ATTR

AL

Par

Th
Lu

H

AL

HV
(MIP)

HV
(MIP)

HV
planarLi

Sp
Lu

Lu H

Lu

Lu
H

CT SPECT/CT

124I-evuzamitide

99mTc-p5+14



These materials are provided to you solely as an educational resource for your personal use. Any commercial use or distribution of these materials or any portion thereof is strictly prohibited.

ATTR Diagnostic mAb
124I-Evuzamitide (AT-01) in Amyloidosis

• AApoAIV, apolipoprotein A-IV amyloidosis; AL, light-chain amyloidosis; 

CT, computed tomography; %ID, percentage injected dose; PET, positron emission 

tomography; PYP, pyrophosphate.

• Clerc OF, et al. JACC Cardiovasc Imaging. 2023;16:1419-1432.

124I-Evuzamitide PET/CT 

Imaging in Multiple Types 

of Amyloid CM
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Defining the Risk of Developing 
AL Amyloidosis
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Screening Studies

• The goal is to detect disease or risk of disease in asymptomatic 
subjects

• Seeking AL Amyloidosis Very Early (SAVE)
• SAVE 1(unfunded):A Pilot Study Seeking AL Amyloidosis Very Early 

by Identifying Clonal λ Light-chain Genes in Patients at Risk 
• λ MGUS and λ SMM with dFLC > 23mg/L

• IGLV genes amplified from peripheral blood

• Screen subjects with IGLV genes enriched in AL

• SAVE 2 (R21):Screening for Systemic Light-Chain Amyloidosis in 
Patients Over 60 with λ Monoclonal Gammopathies (2021-2023)

Clin Lymp Myel Leuk 2012;12(1):49-58.
J Clin Oncol 2014; 32(25):2699-704. 
Br J Cancer Res  2024; 7(2):681-686.
J Clin Med 2025,14(12),4146;https://doi.org/10.3390/jcm14124146 



Updated AL-Base
IGVL Germline Genes Enriched in AL

• AL-Base
• 2163 sequences from PC diseases

• Compared germline gene use in AL, MM 
and polyclonal immune repertoire from the 
Observed Antibody Space

• 16 germline genes enriched in AL
• 12 λ, 4 κ

• 9/12 λ  genes used in SAVE 1 and 2

Amyloid 2025;32(2):129-138.



SAVE 1 (NCT02741999)
Pilot Study Results

Br J Cancer Res  2024; 7(2):681-686

We enrolled 21 patients, 19 SMM and 2 
MGUS. 

We identified IGLV genes in 86% 
(18/21) of cases. Four of the 18 IGLV 
genes were not enriched in AL and 3 of 
these 4 progressed to myeloma 
requiring therapy; the 4th was 
screened for amyloid and was 
negative. 

Fourteen with genes enriched in AL 
had comprehensive
evaluations and two with SMM had AL. 
The gene in both cases was LV 2-14. 



SAVE 1 (NCT02741999)
Pilot Study Results



SAVE 2 (NCT04615572)
A Multicenter Screening Study 

NGS (CUIMC) SMM Marrow MNC Adequate 
CD138-selection Not Needed 

J Clin Med 2025;14:4146 https://doi.org/10.3390/jcm14124146 

CD138-FISH 
for gain 1q and 

t(11;14)



SAVE 2

From 2021 to 2023, we enrolled 30 subjects
(19 M) with a median age of 68.5 years (IQR 64.3–73), 17 SMM and 
13 MGUS, with a median of 6% marrow plasma cells (3.5–40). 

Eleven SMM and 4 MGUS cases had t(11;14) or gain 1q; 10/17 
SMM and 12/13 MGUS had genes enriched in AL. 

AL was confirmed by tissue biopsy in 3 with SMM. 



SAVE 1 + SAVE 2 
AND t(11;14) AND GAIN 1Q

• Five AL in 36 SMM cases

• Zero AL in 15 MGUS cases

• Eight patients with SMM progressed
• 7 to MM requiring therapy
• 1 to glioblastoma

• In SAVE 2 SMM, AL IGVL genes,and t(11;14) or gain 1q were found in 6 SMM subjects, 
including the 3 with AL.

• In SMM 23% of patients are CCND1-positive with  t(11;14)and 30% have gain 1q (J Clin 
Oncol. 2013;31(34):4325-32; Blood Adv. 2018;2(12):1470-9; Blood Cancer J. 2021;11(4):83)

• In a series of 133 AL patients whose marrow plasma cells were evaluated for clonal 
cytogenetic abnormalities, 83 (62%) had t(11;14) and 35 of 130 (27%) had gain 1q (J Clin 
Oncol. 2015;33(12):1371-8). 

• In another series of 140 AL patients, 59% had t(11;14) and 20% had gain 1q (Blood. 
2016;128(4):594-602).



SAVE 3 (NCT06365060) 



AIM 1

• Creating a network to enroll patients on a collaborative study 
requiring marrow and blood specimens, to collect data for a 
training set of likelihood statistics and to plan a future validation 
study. 

• Variables we are using to construct the algorithm: SMM, dFLC > 23, 
IGVL germline donor, presence of t(11;14) or gain 1q, and NT-proBNP 
> 332 pg/ml.

• We will evaluate 340 SMM patients > 40 years old who pass FLC 
criteria using standard of care tests including NT-proBNP and 
clinical marrow specimens evaluated for the presence of t(11;14) 
and gain1q. 

• Marrow cells will be processed by NGS for clonal IGVL gene 
identification. 



AIM 2

• Validating an NGS assay that identifies IGVL genes in clonal 
plasma cells.

• Creation and validation of a laboratory developed test in a 
precision medicine laboratory that is certified under 
regulations of the Clinical Laboratory Improvement 
Amendments of 1988 (CLIA). 

• Approval for this laboratory developed test for both κ and λ 
IGVL genes will permit providers, patients and researchers to 
use the test in decision-making to care for MG patients.



Participating Centers
(13 of 15 Planned)



SAVE 3 (NCT06365060)
Data as of 9/1/25 
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ISA Workshop
Amyloidosis from Bench to Bedside and Back Again
2025.10.13 − 14 @ Collegio Ghislieri, Pavia, Italy

Follow-up Standards for Carriers
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Factors influencing the decision
on predictive genetic testing

✓ Availability of effective disease-modifying therapy 
✓ Severity of the disease (particularly presence or absence of cognitive impairment)

No cognitive

impairment

Mild cognitive 
impairment

Sever cognitive 
impairment

Disease-modifying 
therapies available

Hereditary ATTR 
amyloidosis

Alzheimer disease

Effective symptomatic 
therapies available

Parkinson disease

No effective therapy 
available

Charcot-Marie-Tooth 
disease

Spinocerebellar 
degeneration

Huntington disease



Production 
of TTR Secretion

TTR
tetramer

TTR
monomer

misfolded
TTR monomer

✓ Tafamidis

✓ Acoramidis

✓ Diflunisal

ATTR
amyloid

Dissociation Misfolding Aggregation

✓Patisiran

✓Inotersen

✓Vutrisiran

✓Eprontersen

Disease Modifying Therapies for ATTR Amyloidosis

The availability of disease modifying therapies for ATTR amyloidosis with maximal efficacy 
in the early stages supports the use of predictive genetic testing to identify asymptomatic 
carriers and enable timely intervention.



Genetic counseling roomGenetic counselors

Predictive Genetic testing for at risk ATTRv family members

✓ Predictive testing is indicated for adults aged 18 or older, because ATTRv is an adult-onset disease.

✓ To ensure an informed and autonomous decision, comprehensive information on disease natural history 
and long-term management should be provided. 

✓ It is also important to provide anticipatory guidance, asking clients to imagine what life would be like  
if their test results were positive.

✓ Predictive testing should be performed after genetic counseling by qualified professionals. 
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✓ Clinical questionnaire/medical interview addressing positive and negative 
sensory symptoms, autonomic symptoms (gastrointestinal, genitourinary, 
orthostatic hypotension), heart failure symptoms, and ocular symptoms

✓ Neurological examination assessing small and large nerve fibers

✓ Cardiac investigations including ECG, blood biomarkers (NT-proBNP or BNP 
and cardiac troponin), and echocardiography

✓ Assessment of nutritional status according to mBMI and serum TTR 

✓ Biopsy (abdominal fat, gastroduodenal mucosa)

✓ Amyloid imaging (bone scintigraphy, etc)

Recommended evaluations 



When to start the evaluations？

Early-onset (< 50) family

(ATTRV30M families in endemic foci)

Late-onset ( 50) family

(most families in non-endemic foci)

Annual evaluation should begin 
as soon as a pathogenic variant 
is identified

Annual evaluation should begin 
approximately 10 years before 
the predicted age of onset

Females develop the disease 
approximately 5 years later and show 
lower penetrance rate compared to 
male even within the same family



Client： 30 y.o. Male

Past history： None

Family history： ATTRv amyloidosis with V30M (p.V50M) variant (father, grandfather)

   Originated from an endemic focus in Nagano prefecture

Died at 
40 y

Died at 
50 y

30 y



Client： 30 y.o. Male

Present illness:

30 y.o.  Visited the genetic counseling department of Shinshu University 

  Hospital hoping to take predictive genetic testing.

  Predictive genetic testing was performed after genetic counseling.

   → TTR gene V30M (p.V50M) variant heterozygote

  Annual follow-up counseling & evaluation

31 y.o. No symptoms, no amyloid deposition

32 y.o. No symptoms, no amyloid deposition

33 y.o. Amyloid deposition was confirmed by gastroduodenal biopsy,

  although no symptoms or signs related to ATTRv were observed.



Gastroduodenal biopsy

Amyloid deposition was detected in 2 out of 6 specimens of gastroduodenal biopsy

(Amyloid was negative in 4 biopsied specimens)

Congo red staining Congo red staining



Gastroduodenal biopsy



Recently developed clinical tests may 
detect asymptomatic amyloid neuropathy

✓ Plasma/serum neurofilament light chain (NfL)

✓ Intraepidermal nerve fiber density (IENFD) 

✓Quantitative sensory testing

✓ Electrochemical skin conductance using Sudoscan® device

✓ Laser-evoked potentials

✓ Sympathetic skin responses 

✓High-resolution magnetic resonance neurography 



Healthy control
39 y.o. Male

ATTRv amyloidosis
43 y.o. Male

Whole body PiB-PET

Ezawa et al., Eur J Nucl Med Mol Imaging 45: 452-61, 2018 

ATTRv amyloidosis
43 y.o. Male

✓ PiB-PET can detect whole body amyloid deposition very clearly

✓ Amyloid PET may be useful for early diagnosis of asymptomatic variant carriers

*PET has low sensitivity to type A amyloid fibers



Ultimate Goal: Prevention!
Intervene with disease modifying drugs before onset and 
prevent the disease from developing

ACT-EARLY (https://clinicaltrials.gov/study/NCT06563895) 

✓ Phase 3, randomized, placebo-controlled trial of Acoramidis

✓ Enroll 600 asymptomatic carriers

✓ Primary endpoint: time to onset of ATTR-CM or ATTR-PN



DIAN Preventive Intervention Study

Lancet Neurology 24:316–30, 2025

Safety and efficacy of long-term gantenerumab treatment in dominantly inherited Alzheimer's disease: an open-label 
extension of the phase 2/3 multicentre, randomised, double-blind, placebo-controlled platform DIAN-TU trial.

In a clinical trial of Gantenerumab (anti-A antibody) targeting asymptomatic carriers of 
familial Alzheimer's disease, the incidence of dementia onset was significantly reduced 
in the long-term gantenerumab treatment group.

First Proof of Concept 
of Alzheimer disease 
Prevention



Take Home Messages

✓Genetic counseling and predictive genetic testing are very 
important for early diagnosis of at-risk family members in 
ATTRv amyloidosis.

✓Annual follow-up counseling & evaluations are necessary for 
asymptomatic carriers.

✓The ultimate goal is to intervene with disease modifying drugs 
before onset and prevent the disease, and a phase 3 clinical 
trial targeting asymptomatic carriers will soon begin.



Matsumoto Castle

Thank you very much for your attention
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Overview of Topics Reviewed

1. Demography of age and sex at diagnosis

2. Demography of race and ethnicity in relation to ATTRwt 
and ATTRv

3. Active ascertainment vs. referral populations



ATTR deposits associated with age

• Myocardial TTR amyloid accumulation is demonstrable in approximately 
25% of hearts in patients over age 80-85y
• Deposits vs. amyloidosis
• Amyloidosis more common in males
• Associated with HFpEF

Tanskanen, Ann Med, 2008; Cornwell, Am J Med, 1983; 
Mohammed, JACC HF, 2014

Frequency similar by sex, men more severe



• 65y for Atrial Fib.
• 70y for Heart Failure
• 75y for Death

pV142I excess risk at defined age thresholds

Selvaraj, JAMA Cardiol 2023: Selvaraj, JAMA 2024

• 430,000 pV142I carriers > 50 years of age 
projected to lose ~ 1M years of life

• ? Proportion with ATTRv-CM



ATTR age at diagnosis – Cohort Studies

Reference Number of 
subjects

ATTR genotype Median age at 
diagnosis (years)

% Male

Pinney, J Am Heart Assoc 
2013

102 100% ATTRwt 73 89

Connors, Circulation 2016 121 100% ATTRwt 75 98

Gonzalez-Lopez, Eur Hear J 
2017

108 100% ATTRwt 79 81

Lane, Circulation 2019 711 100% ATTRwt 79 94

Lane, Circulation 2020 205 100% ATTRv pV142I 77 71

Campbell, Cardiol Ther 2022 1386 100% ATTRwt 80 females, 78 
males

N/A

Age of diagnosis ≥ 75 years, highly enriched for males



ATTR age at diagnosis – Active ascertainment

Reference Indication Genotype Number of 
Subjects

Median age 
(years) 

% Male

Gonzalez-
Lopez, Eur Hear 
J 2015

• HFpEF
• LVWT ≥12 mm
• ≥60 years

ATTRwt 100% 120 82 41

AbouEzzedine, 
JAMA Cardiol 
2021

• LVEF ≥40%
• LVWT ≥12 mm
• ≥60 years

ATTRwt 100% 286 78 50

Ruberg, JAMA 
Cardiol 2025

• HF
• Black or 

Hispanic
• ≥60 years
• LVWT ≥12 mm

ATTRwt 56% 
and ATTRv 

44%

646 80 61

Median age is not different from retrospective cohorts
Percentage of males vs. females IS different from retrospective cohorts



Community screening – Mayo study

AbouEzzedine, JAMA Cardiol 2021



Importance of Age and Sex - Mayo

Davies, JAMA Cardiol 2022

Transthyretin Amyloid 
Cardiomyopathy score (TCAS)

80 year old man = 6 points!



Community Screening – SCAN-MP

Ruberg…Maurer, JAHA 2023 and JAMA Cardiology 2025



Community Screening – SCAN-MP

Ruberg…Maurer, JAMA Cardiology 2025

55,8%

44,2%

ATTR Genotype in Positive Subjects

Wild-type V142I



Earlier stage diagnosis but not younger

Era n Age (mean 
+/- SD)

Male sex 
(%)

2007-2011 260 74 +/- 7 86

2012-2016 704 76 +/- 7 87

2017-2021 968 76 +/- 9 86

Ioannou, Circulation 2022

Despite earlier stage patients 
identified in more contemporary 
cohorts, age remains the same



Earlier stage diagnosis but not younger

Era n Age (mean 
+/- SD)

Male sex 
(%)

2007-2011 260 74 +/- 7 86

2012-2016 704 76 +/- 7 87

2017-2021 968 76 +/- 9 86

Ioannou, Circulation 2022

Despite earlier stage patients 
identified in more contemporary 
cohorts, age remains the same



Summary – Age and sex at diagnosis

Aimo, Eur J HF 2022

Prevalence: 10-12% in older patients with HF irrespective of EF
Age: 77-81 years
Sex: WT perhaps 2-3:1 males:females, but pV142I perhaps 1:1



Age of enrollment in clinical trials

Study Age (years) Male sex (%) Black race (%)

ATTR-ACT 74 90% 14%

ATTRIBUTE-CM 77 90% 5%

HELIOS-B 77 92% 7%

• Women under-represented
• Black race participants (pV142I or WT) under-represented
• We need to do better!



Thank you for your attention

@Amyloidosis_BU
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Why Consider Screening?

1. Amyloid fibril deposition is progressive

2. Therapeutic efficacy of ATTR treatment 

diminishes with disease progression

3. Carriers of pathogenic TTR alleles can 

have evidence of subclinical ATTRv

4. Screening can detect subclinical 

ATTRv



Mechanism of Transthyretin Amyloidogenesis

TTR tetramer Folded 

dimer

Folded 

monomer

Misfolded 

amyloidogenic 

monomer

Amorphous 

ATTR 

oligomers

Mature ATTR 

fibrils

Myocardial infiltration ATTR-CA



Transthyretin

TTRRBP4 RBP4



Circulating TTR in V122I (p.V142I) TTR Carriers
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Dallas Heart Study Visit 1 Dallas Heart Study Visit 2
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matched controls in general population



Circulating RBP4 in V122I (p.V142I) TTR Carriers

Hendren NS, Grodin JL, et al. Amyloid. 2024

Dallas Heart Study Visit 2

V122I carriers (hetero- and homozygotes) vs. age-, sex-, race-
matched controls in general population



TTR Kinetic Stability Assessments

• Western blot analysis 
showing disproportionately 
higher signal of monomers 
than dimers in a patient with 
ATTRv-CM than a non-
amyloid control indicative of 
lower kinetic stability

P24S 

hATTR-CA

Control

Monomer
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ATTR-P24S Control
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Figure 11. Western Blot Analysis Showing a Disproportionately Higher 
Signal of Monomers than Dimers in a Patient with hATTR-CA than a 
Non-amyloid Control Indicative of Lower TTR Kinetic Stability

Western Blot of TTR dimers and monomers for a patient with P24S 

(p.Pro44Ser) hATTR-CA (arrows) compared with a non-ATTR-CA control patient 

run in the laboratory of Dr. Lorena Saelices Gomez. Note: the bands are faint for 

the P24S hATTR-CA patient because of lower circulating TTR.
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These are preliminary data from 30 carriers of abnormal TTR alleles enrolled in the MED-

hATTR study (NCT03431896) collected and measured over 2 years.

Figure 10. Circulating Misfolded TTR Oligomer Levels in Carriers of Abnormal 

Alleles Identify a Spectrum of TTR Amyloidogenic  Activity

Schonhoft JD, et al. Sci Transl Med. 2017

Non-native TTR in Carriers of Pathogenic TTR Alleles Identify a 
Spectrum of TTR Amyloidogenic Activity



Structure-based Peptide Inhibitors to Detect ATTR

H-strand of 
the ATTR fibril 

drives 
aggregation Structure-based 

peptides bind and 
“cap” the ATTR fibril 

inhibiting amyloid 
seeding

Pedretti R…Grodin JL… Saelices, L et al. Circulation, 2024



Highly Specific and Sensitive Peptide Probes (“TAD1”) Detect 
Circulating ATTR Aggregates in TTR Carriers

Pedretti R…Grodin JL… Saelices, L et al. Circulation, 2024



Plasma Neurofilament Light Chains (NfL) As A Marker 
Of ATTR Polyneuropathy Progression

Maia LF, et al. Amyloid 2020

Plasma NfL
• Quantifies neuro-axonal 

damage in disorders of 
the peripheral and 
central nervous system

• “Neuron troponin”



Hypothesized Non-invasive Assessments to Detect 
Evidence of Subclinical ATTRv

Lifespan of Pathogenic TTR Allele Carrier
Death

Symptomatic ATTRvSubclinical ATTRvNo ATTRv
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Abbreviations: PET, positron emission tomography; I24E Iodine-124 evuzamitide; CMRI, cardiac magnetic resonance 

imaging; Nfl, neurofilament light chains; and ECG, electrocardiography  



Conclusion

Completely novel highly sensitive and 
specific ATTR biomarkers hold promise 
to detect early ATTRv



Dr. Lukas D. Weberling, MD

Heidelberg University Hospital, Germany

Artificial Intelligence in the Screening and 
Early Diagnosis of Amyloidosis

AI in the Screening and Early Diagnosis of Amyloidosis        
Lukas D. Weberling, Heidelberg University Hospital
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Moravec‘s paradoxon

“The hard problems are easy and the easy problems are hard” 

IBM’s “Deep Blue” beats chess world 
champion Garri Kasparo, 1997

AI in the Screening and Early Diagnosis of Amyloidosis        
Lukas D. Weberling, Heidelberg University Hospital

Tesla’s Robot “Optimus” 
pours a drink, 2024

(remote-controlled)



Data vs. Patient

AI in the Screening and Early Diagnosis of Amyloidosis        
Lukas D. Weberling, Heidelberg University Hospital

• What do you ask?

• What does he tell?

• What do you notice?

Patient

Data AI



The patient pathway

AI in the Screening and Early Diagnosis of Amyloidosis        
Lukas D. Weberling, Heidelberg University Hospital https://doi.org/10.1371/journal.pone.0251876



EstimATTR: A Simplified, Machine-Learning-Based Tool to Predict
the Risk of Wild-Type Transthyretin Amyloid Cardiomyopathy

• Used medical health records
• Identifies ATTR in Heart Failure Patients
• AUC 0,82 / sensitivity 77% / specificity 72%

AI in the Screening and Early Diagnosis of Amyloidosis        
Lukas D. Weberling, Heidelberg University Hospital

Castaño et al; Journal of 
Cardiac Failure 2024



T-Amylo: Development and Validation of a Prediction Model 
and Score for Transthyretin Cardiac Amyloidosis Diagnosis

→AUC 0.84 / 0.82 in 
validation cohort (895 
patients)

→Patients with scintigraphy

AI in the Screening and Early Diagnosis of Amyloidosis        
Lukas D. Weberling, Heidelberg University Hospital

Arana-Achaga et al. JACC 
Cardiovascular Imaging 2023



A machine learning model for identifying patients at risk for 
wild-type transthyretin amyloid cardiomyopathy

→Medical claims data
→Only heart failure patients
→AUC 0.80 in non-matched

validation cohort

AI in the Screening and Early Diagnosis of Amyloidosis        
Lukas D. Weberling, Heidelberg University Hospital

Huda et al. Nature 
Comm 2021



Cardiac amyloidosis detection from a single echocardiographic
video clip: a novel artificial intelligence-based screening tool

→Removal of uncertain AI 
predictions (13%)

AI in the Screening and Early Diagnosis of Amyloidosis        
Lukas D. Weberling, Heidelberg University Hospital

Slivnick et al. European Heart 
Journal 2025



CMR to differentiate AL, ATTR, HCM

AI in the Screening and Early Diagnosis of Amyloidosis        
Lukas D. Weberling, Heidelberg University Hospital

n = 400

Retrospective, multi-vendor, multi-center CMR study

Machine learning
model to predict

diagnosisMostly automated
CMR imaging data

Standard clinical
information

Supervised/Corrected by
two experienced readers (LW / AO)

51 referring CMR centers

Healthy

HCM

AL

ATTR



CMR to differentiate AL, ATTR, HCM

Healthy HCM AL ATTR

Healthy 

vs. Patient

HCM vs. 

Amyloidosis

AL vs.   

ATTR

8 [7; 10] 19 [17; 22] 16 [14; 17] 20 [17; 22] p < 0.001 p = 0.06 p < 0.001

2 (2.1%) 89 (94.7%) 23 (24.2%) 45 (38.8%) p < 0.001 p < 0.001 p = 0.03

3 (3.2%) 21 (22.3%) 62 (65.3%) 60 (51.7%) p < 0.001 p < 0.001 p = 0.06

Left Ventricle

EDV, normalized (ml/m²) 84  [77; 94] 81 [69; 90] 74 [65; 83] 87 [76; 97] p = 0.009 p = 0.6 p < 0.001

Myocardial mass (g) 90 [76; 106] 156 [125; 184] 149 [114; 182] 188 [146; 215] p < 0.001 p = 0.06 p < 0.001

Ejection fraction (%) 58 [55; 61] 62 [57; 67] 56 [48; 62] 49 [41; 57] p = 0.002 p < 0.001 p < 0.001

GLS (-%) 18.9 [20.4; 17.7]14.1 [15.4; 11.9]12.3 [15.8; 9.0] 10.4 [12.5; 7.9] p < 0.001 p < 0.001 p = 0.001

GCS (-%) 19.2 [20.7; 18.4]18.4 [19.6; 16.7]16.3 [18.7; 14.5]13.9 [16.4; 11.1] p < 0.001 p < 0.001 p < 0.001

GRS (%) 32.8 [30.3; 37.1]32.7 [28.5; 36.5]26.2 [21.8; 31.7]20.8 [15.2; 26.5] p < 0.001 p < 0.001 p < 0.001

Right Ventricle

EDV, normalized (ml/m²) 90 [81; 98] 75 [64; 87] 74 [65; 85] 91 [75; 103] p < 0.001 p = 0.01 p < 0.001

Ejection fraction (%) 56 [53; 60] 61 [56; 65] 55 [47; 63] 50 [40; 57] p = 0.16 p < 0.001 p = 0.002

GLS (-%) 24.1 [26.5; 21.9]25.6 [27.7; 21.7]18.6 [24.0; 14.1]17.4 [21.1; 13.6] p < 0.001 p < 0.001 p = 0.04

GCS (-%) 16.5 [18.4; 13.8]17.6 [20.3; 15.1]16.8 [19.0; 13.4]15.1 [17.8; 13.0] p = 0.7 p < 0.001 p = 0.01

GRS (%) 55.7 [47.0; 66.8]60.4 [44.2; 71.4]33.2 [21.5; 51.1]29.2 [20.9; 39.4] p < 0.001 p < 0.001 p = 0.03

Selection of Imaging-derived group characteristics

Interventricular septum (mm)

Asymmetric hypertrophy

Pericardial fluid

22 non-imaging parameters
185 imaging parameters

AI in the Screening and Early Diagnosis of Amyloidosis        
Lukas D. Weberling, Heidelberg University Hospital



CMR to differentiate AL, ATTR, HCM

AI in the Screening and Early Diagnosis of Amyloidosis        
Lukas D. Weberling, Heidelberg University Hospital

AL vs. ATTR

CMR and standard clinical information

HCM vs. Cardiac
Amyloidosis

HCM vs. Cardiac
Amyloidosis

AUC 0.99

Needle-free CMR without clinical information

AL vs. ATTR

AUC 0.92 AUC 0.95

AUC 0.86



Conclusions

• AI is data-driven not patient-centered
• Great help for data it has access to, which is only a fraction
• Great help if you ask the right questions

• AI is currently (!) not ready to screen an unselected general
population

• CMR has a great potential for the future of amyloidosis imaging
• 15min protocols without contrast agents
• >200 imaging biomarkers readily available
• Helps you even if the patient does not have amyloidosis

AI in the Screening and Early Diagnosis of Amyloidosis        
Lukas D. Weberling, Heidelberg University Hospital



Thank you for your attention

www.ukhd.de/cmr lukas.weberling@med.uni-Heidelberg.de  / www.linkedin.com/in/weberlingld 

AI in the Screening and Early Diagnosis of Amyloidosis        
Lukas D. Weberling, Heidelberg University Hospital

“The hard problems are easy and the easy problems are hard” → Use it to your advantage! 

http://www.ukhd.de/cmr
mailto:lukas.Weberling@med.uni-Heidelberg.de
mailto:lukas.Weberling@med.uni-Heidelberg.de
mailto:lukas.Weberling@med.uni-Heidelberg.de
http://www.linkedin.com/in/weberlingld
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