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CA is associated with a 3-fold greater risk of death 
and a 2-fold of all-cause hospital readmission 90 
days after discharge. 

 

Patients with other cause of HF 

Patients different subtypes of CA 

Patients with other cause of HF 

Patients different subtypes of CA 

33% 

6% 

Mortality and all causes rehospitalisation All cause mortality 

HF hospitalization HF hospitalization 

Berthelot E et al, Patients with cardiac amyloidosis are at a greater risk of mortality and hospital readmission after AHF, ESC-HF 2023 

The cases were matched 1:5 by sex 
and age with control HF patients 
without CA  : Mean age : 76years-
old, 80% men. 
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Amyloidosis: Definition and physiopathology  

Merlini, NEJM 2003 

Ternacle J, JACC 2019 

Extracellular infiltration 
↗ Cellular death 
 

↗ Stiffness : CMR 
↗ Thickness : LVH 
 

↘Stroke volume 
↘Cardiac Output 
 
 

Amyloid fibrills : >36 Proteins  
Non Immunogenic++++ 
Associated with Aging-Process 
 

Dynamic progress+++ 

Amyloid Fibrills Organs infiltration Human Disease 

Extracardiac Sd 
 

Heart Failure 
Conduction D 
Rhythm D 
Death 
 



Amyloid agregation to its replication:  
 A dynamic process! 

 Riek R and Eisengberg, Nature 2016 

Peptides unfolded, misfolded  
or intrinsically disordered 

Nucleus (unstable) 

Amyloid seed Recruitment Replicative entities  

Addition of monomers becomes faster, 
favouring growth of the aggregate  

Replicative entities  

Adaptation 
depending  

on the tissue 



Kinetic of amyloid fibrills multiplication and infiltration. 

Response toTreatment  
Amyloid fibrills  
multiplication 

Response to Treatment 

Time 

AL ATTRwt 

Amyloid fibrills  
Infiltration 

AL 

ATTRv 
and 
ATTRwt 

ATTRv 



Modified from Griffin JM and Maurer M, Trends in Cvar Medicine 2019 

ATTR-CM Natural history of the disease before Tafamidis  



CA TREATMENT 

Garcia Pavia P and al, EHJ 2021 



 

Garcia-Pavia P et al , 2021, 00, 1-15 



Cardiac Management of ATTR Cardiac Amyloidosis 

 

 
Garcia-Pavia P and al, EHJ 2021 



Cardiac Treatment of CA =  
CHAD-S-TOP! 

 C: Prevent conduction disorders/rhythm  : PM/ ICD / CRT? 

 H: Maintenance of HIGH HEART RATE…even if PM needed 

 A: Prevent cardiac embolism (PE/Stroke…) : ANTICOAGULATION 

 D: DIURETIC : adapt the dose to volemia. 

 S-TOP: betablocker, ivabradine, calcium blocker…(+/-ACE).Digoxin: 
dangerous? 

 

CHADS-TOP 
Conduction 
High Heart Rate 
Anticoagulation 
Diuretic 
S-TOP BB…. 

Ternacle J et al, JACC 2019 



Heart Failure and CA 

DO NOT USED IN CARDIAC AMYLOIDOSIS 

↘HeartRate x SV (CA ↘) 

= ↘ Cardiac-Output  Do not apply ESC HF Guidelines 

 AND WORSE in LVEF <35% 

 



Cardiac amyloidosis: natural history and systolic 
function 

 

LVEF 
65% 

LVEF 
35% 

GLS 
-20% 

GLS 
-2% 

CO 
5.5l/min 

CO 
2l/min 

HF-PEF HF-REF HF-mrEF 



Patient – Specific Biomechanical Modeling of 
Cardiac Amyloidosis, A case Study 

D. Chapelle, A. Felder, R; Chabiniok, A. Guellich, J-F Deux and T. Damy 

 Chapelle et al FIMH 2015 

92bpm 

63bpm 

HR↘=↘CO 

CardiacOutput = HeartRate x SV 

Low Stroke Volume  
 No preload reserve 
HR dependency 



Betablocker as HF therapies and CA 

Aus dem Siepen et al, Amyloid 2017 Aimo et al, Eur J of Int Medicine 2020 

Cheng et al., JAHA 2021 



Beta-blocker? 

 Restrospective 

 Betablockers 
stopped or 
reduced in 31%  

 Difficult to 
conclude… 

 with bisoprolol 
≤2.5 mg per day 
in 61.9% 

 
Ionnaou A, EHJ 2023 No convincing differences were found for treatment with ACEi/ARBs. 



Betablocker and Cardiac Amyloidosis : Foe or Friend? 
Etude BEST avec le Bucindolol dans LVEF<35% 

   

 
Eichhorn EJ et al Engl J Med. 

2001 May 31;344(22): 

Etude négative du fait des 
sujets “noirs” probablement 
inclus avec amylose ATTRv et 
FEVG<35% = les plus graves! 



Y-a-t-il une place pour les bétabloquants dans 
les amyloses cardiaque? 

Bétabloquants et amyloses cardiaques 

Qui prescrit? Décision de centres experts 

A quelle dose? A doses minimes+++ / Sous surveillances 

Les indications possibles Les “contres-indications” ou non justification 

Cardiopathie ischémique symptomatique D’autant plus que la FEVG est basse!!! (FEVG<50%) 
Surtout pas dans les FEVG <35% 

FA rapide non ralentie par la cordarone ET 
symptomatique : FC>120/bpm 

FC<70bpm(?) 

Obstruction intraVG symptomatique Trouble conductif 

FEVG altérée SI et SEULEMENT la cause de l’altération 
de la FEVG n’est pas l’amylose 

La pose d’un PM… effet I- 



 

Solomon SD, NEJM 2019 



HF + Spiro 

HF + Placebo 

“Amyloidosis”  + Placebo 
“Amyloidosis”  + Spiro 

 Essai thérapeutique 
randomisée (Spiro versus 
Placebo 

 Analyses Post-hoc  

 Identification  “potentielle” 
des amyloses en fonction de 
IVS≥12mm et S ≤6cm.sec : 25% 
des patients. 

 Spironolactone associée à un 
meilleure pronostic. 

 



Heart failure and CA : SGLT2i 

Porcari et al., JACC 2024 



Heart failure and CA : diuretics 

 309 patients, between 2002 and 2018 

 Median follow-up = 1,92±1,8 years 

 33% deaths, 39% death or heart transplantation 

 

After adjustment for age, sex, SBP, 
hereditary vs. WT, LVEF, eGFR, BNP or 
NTproBNP elevation, troponin I or T 
elevation and NYHA functional class 

Cheng et al., JACC CardioOncol 2020 



Anticoagulation et amylose cardiaque 

 

PNDS des  
Amyloses Cardiaques 



Anticoagulation and CA 

 

 Cappelli et al, Amyloid 2020 



AF and Electrical Cardioversion and amyloidosis 

 Electrical Cardioversion: yes but significant risk of thrombus 
even on anticoagulant.  

 Need to perform cardiac imaging (TEE/CT scan/MRI) before 
Electrical Cardioversion even if anticoagulant treatment is 
well conducted.  

 High recidivism rate. Redo Electrical Cardioversion only if 
symptoms improved at the first Electrical Cardioversion. 

  
 

French Referral Center for Cardiac Amyloidosis –opinion 
HAS-PNDS Amyloses Cardiaques –Online “www.reseau-amylose.org” 



 

 

d’Humières et al.  ACVD 2018 

AL  
n=30, 65% 

TTR 
 n =16 ; 35% 

8 WT-TTR 
8 hTTR 

20 Severe AHF 

46 AHF 

26 Cardiogenic shock 

Death <3month  
n=3, 15% 

Death <3month 
n= 21, 81% 

IN A CARDIOLOGIC ICU+++ 



CS in CA : “Amyloid-Heart” team decision 

26 Cardiogenic shocks 

21 inotropic support  

5 palliative care 

21 Dobutamine  

2 Levodismodan BP<65 : 10 Norepinephrine 1 BiVAD 1ECLS 1 Emergency Heart Transplant 

Death at 3 months = 76% (16/21); 13 with multiple organ failure 

Death at 3 months = 100% 

Alive Dead Dead 3 Alive at three months /17 = 17% 

 Amyloid Heart Team : ICU+Cardiac Amyloid Experts+Surgeons+Hematologists+Anesthesiologists+ 
Nephrologists... 

d’Humières et al, ACVD 2018 

Median time-death after catecholamine initiation : 5 days [3—9]. 



Heart failure and CA : Heart transplantation 

No significant difference in days to transplantation between CA 
and others cardiomyopathies (42 days) 

Barrett et al., JACC HF 2020 

 31 patients with CA and HT (13 AL ; 18 ATTR) ; in case of AL : 2 Mayo II, 5 Mayo III, 6 Mayo IV 

 1 center in USA between 2004 and 2017 

Complete response of dFLC was not necessary before heart 
transplantation 

 It’s possible and it works +++ 

 2 words : BE FAST ! 

 Don’t wait chemotherapy response to start screening and prepare the patient… 

 



Heart failure and CA : Our practise 

 23 with CA and HT : 17 AL and 6 ATTRv 

 1 center at Henri Mondor (Creteil) between 2005 and 2018 

 57% male ; age at HT 60 years 

 14 heart only (12 AL ; 1 ATTRv) ; 5 heart and kidney (5 AL) ; 

5 heart and liver (5 ATTRv) 

Guendouz S et al., Transplant Direct 2022 



Heart Transplantation and CA 

Ideal criteria High risk not a good indication 

< 65 yo > 65 yo 

Healthy / No comorbidity Comorbidities / Denutrition 

Amyloidosis with only cardiac involvement Amyloidosis with cardiac involvement and 
Vascular dysautonomia+++ 

Nephrotic Syndrome 
Gastric –Intestinal  

Cutaneous « bullous » 

Gammapathy isolated Positive score CRAB/ bone infiltration - myeloma 

Ambulatory HF Cardiogenic shock (Intermacs 1,2,3) 

Response to chemotherapy/immunotherapy if AL No response to any AL-Treatment 

French Referral Center for Cardiac Amyloidosis –opinion 
HAS-PNDS Amyloses Cardiaques –Online “www.reseau-amylose.org” 



Durable MCS and CA 

  19.921 DCM ; 248 RCM ; 46 ACM 

  INTERMACS database, between 2005 and 2017 

Michelis K et al, Circ Heart Fail 2020 



 

Garcia-Pavia P et al , 2021, 00, 1-15 



AL amyloidosis treatment: chemotherapy and 
immunotherapy 

 

 

Melphalan + Cyclophosphamide  

Proteasome inhibitor: Bortezomid 

Dexaméthasone 

« CyBorD » 

DaraCyBorD ou 
« Andromeda » 

CyBorD : Cyclophosphamide, Bortezomib, 
Dexaméthasone 

Monoclonnal anti body anti-CD 38 : 
DARATUMUMAB Giada Bianchi et al, AL Amyloidosis: Current Chemotherapy and Immune Therapy Treatment Strategies: JACC: 

CardioOncology State-of-the-Art Review, 2021 

Juin 2020 

35 



Cardiac AL amyloidosis: Staging 

 

EUROPEAN STAGING Troponin T  US ≥50 ng/l NTproBNP ≥332 pg/ml 

I 0 0 

II 1  criteria 

IIIa 1 1 

IIIb 1 NTproBNP≥ 8500 pg/ml MAC 1 MAC 2 MAC 3 MAC 4 

MAC 4 MAC 3 MAC 2 MAC 1 Zaroui et al ESC-HF 2024 



ATTR Cardiac Amyloidosis Treatments :  
A new area in cardiology 

 

 

Liver Transplantation 

TTR Gene Silencing 
-siRNA  and ASO : 
Patisiran, Revusiran, 
Vutrisiran, Inotersen, 
Eplontersen 
-Crispr Cas 9 

TTR Stabilizers 
-Tafamidis,  
-Acoramidis,  
-Diflunisal 

Antibodies to clear  
Amyloidosis Deposits 
-NI006 
-PRX004 

Adapted from Carroll A, et al. J Neurol Neurosurg P 2022 





 Median follow-up was 58.5 months 
in the continuous tafamidis group 
(n=176) and 57.1 months in the 
placebo to tafamidis group 
(n=177).  

 79 (44.9%) deaths with continuous 
tafamidis and 111 (62.7%) with 
placebo to tafamidis (hazard 
ratio, 0.59 [95% CI, 0.44–0.79]; 
P<0.001). 

Elliott, P, et al. Circulation Heart Fail. 2021 



Tafamidis reduces the decline in the 6MWT distance 
and KCCQ-OS score at 30 months 
 

 

 

Tafamidis  vs Placebo  At 12months At 30 months 

NTproBNP 
Least-square mean difference 

−735.14 
 [95% CI, −1249.16 to −221.13] 

−2180.54 
 [95% CI, −3326.14 to −1034.95] 

Maurer M et al , New England Journal of Medicine 2018 



Comparative change of NTproBNP and HS-cTnT before 
and after Tafamidis 

 

 Oghina S et al, JCM 2021 



Effect of tafamidis on global longitudinal strain 
and myocardial work in transthyretin cardiac 
amyloidosis 

 

 
Giblin T and al European Heart Journal - Cardiovascular Imaging (2022) 23, 1029–1039 



Tafamidis Decreases Cardiac Uptake of 99mTc-HMDP in 
ATTR Cardiac Amyloidosis 

 

 

 Confirmed by :  

 Monitoring tafamidis treatment with 
quantitative SPECT/CT in transthyretin 
amyloid cardiomyopathy 

 René Rettl et al, Eur Heart J Cardiovasc 
Imaging .2023 Mar 

 

 « ATTR-CM patients with a reduction 
greater than or equal to the median (n = 
20) had a significant decrease in SUV 
retention index (P < 0.001) at follow-up, 
which translated into significant benefits 
in serum N-terminal prohormone of brain 
natriuretic peptide levels (P = 0.006), left 
atrial volume index (P = 0.038), as well as 
LV [LV global longitudinal strain: P = 
0.028, LV ejection fraction (EF): P = 0.027, 
LV cardiac index (CI): P = 0.034] and right 
ventricular (RV) [RVEF: P = 0.025, RVCI: P 
= 0.048] functions compared with 
patients with a decrease less than the 
median (n = 20).  » 

 
Odouard S and al….Galat A,  

JACC CardioVasc Imaging 2022 

https://pubmed-ncbi-nlm-nih-gov.proxy.insermbiblio.inist.fr/?term=Rettl+R&cauthor_id=36881774


ATTRibute-CM study design1,2 

Screening and randomization Open-label extension 

30-month primary endpoint3: 
Hierarchical analysis consisting of all-cause mortality, 

cumulative frequency of CVH, change from baseline in NT- 
proBNP, and change from baseline in 6MWD 

11 

800 mg 
acoramidis 
HCl 
twice daily 

• Subjects with diagnosed ATTR- 
CM (WT or variant) 

• NYHA Class I-III 

• ATTR-positive biopsy or 
99mTc scan 

• Light chain amyloidosis 
excluded if diagnosis by 99mTc 

Key 
eligibility 
criteria 

6MWD = Six-minute walk distance; NYHA = New York Heart Association; 99mTc = Technetium labeled pyrophosphate (PYP) or bisphosphonate (e.g., DPD); mITT = Modified intent-to-treat. eGFR = Estimated 
glomerular filtration rate. 
1ClinicalTrials.gov identifier: NCT03860935. 2Gillmore JD et al. Circulation. 2019;140(1):14214. Oral poster presented at AHA. 3Primary analysis assessed using the Finkelstein-Schoenfeld method. 

800 mg acoramidis HCl twice daily 

N = 421 

Placebo twice daily 

N = 211 
Efficacy assessment included 611 participants in the pre- 
specified mITT population (eGFR ≥30 mL/min/1.73 m2) 

 
Tafamidis usage allowed after Month 12 



Highly statistically significant result achieved on 
primary and selected secondary endpoints 

12 

KCCQ-OS = Kansas City cardiomyopathy questionnaire overall summary score. 
1Primary analysis assessed using the Finkelstein-Schoenfeld method. 2Heart transplant and implantation of cardiac mechanical assistance device were treated as death for this analysis. 3Negative binomial regression with treatment 
group, stratification factors and the offset term is used to analyze the cumulative frequency of adjudicated CV-related hospitalization.4Least squares mean difference change from baseline at 30 months. 5Ratio of adjusted geometric 
mean fold change from baseline at 30 months. 6Assessed by Cochran-Mantel-Haenszel test; p=0.15 as assessed by Cox Proportional Hazard Model. 
 

58% of ties broken by 
first two components 
of Win Ratio analysis 

Primary endpoint1 p-value 

Hierarchical analysis consisting of: 
• All-cause mortality2 

• Cumulative frequency of CVH 
• Change from baseline in NT-proBNP 
• Change from baseline in 6MWD 

p<0.0001 

Win Ratio 1.8 

Select secondary endpoints p-value 

Cumulative frequency of CVH3 p<0.0001 

Change from baseline in 6MWD4 p<0.0001 

Change from baseline in KCCQ-OS4 p<0.0001 

Change from baseline in serum TTR4 p<0.0001 

Change from baseline in NT-proBNP5 p<0.0001 

All-cause mortality2,6 p=0.057 NS on mortality 



ATTR Cardiac Amyloidosis Treatments :  
A new area in cardiology 

 

Liver Transplantation 

TTR Gene Silencing 
-siRNA  and ASO : 
Patisiran, Revusiran, 
Vutrisiran, Inotersen, 
Eplontersen 
-Crispr Cas 9 

TTR Stabilizers 
-Tafamidis,  
-Acoramidis,  
-Diflunisal 

Antibodies to clear  
Amyloidosis Deposits 
-NI006 
-PRX004 

Adapted from Carroll A, et al. J Neurol Neurosurg P 2022 



Undergoing ClinicalTrial including ATTR-WT 
Drugs Patisiran Vutrisiran ION-682884 

Inclusion ATTR Cardiomyopathy ATTR Cardiomyopathy ATTR Cardiomyopathy 

Trial Phase 3 
APPOLO 

Phase 3 
HELIOS B 

Phase 3 
CARDIO TTRansform 

Methodology Phase 3 / Double blind Phase 3 / Double blind Phase 3 / Double blind 

Administration Intravenous Subcutaneous Subcutaneouss 

Where we are? Inclusion started 
 

Inclusion started Inclusion pending 

Drugs NI006-101 –TTR ANTIBODY 

Inclusion ATTR Cardiomyopathy 

Trial Phase 3 
NI006 

Methodology Phase ½ / Double blind 

Administration Intravenous 

Where we are? Inclusion started 
 

Stop  
Protein production 

Stop/limit 
Amyloid fibrills production  

Remove  
Amyloid Fibrills from Organs 



APPOLO-B design : Patisiran IV injection every 
3 weeks 

 

Maurer MS et al, ISA Heidelberg meeting Abstract : OPLB001 08_09_2022 

+ Open Long term Extension (OLE) 

JESFC : Jeudi et Vendredi :Olivier 
Lairez, Vincent Algalarrondo 



Appolo-B : ATTRv and ATTRwt 

 

 

Primary criteria Secondary criteria 

Maurer M, ISA 2022 



Appolo B : Biomarkers change 
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aVisits with number of patients on both treatment arms ≥60 are presented. Baseline is defined as the last non-missing value available on or before the date of first dose of study drug in the DB period. All patients received patisiran after Month 12. Abbreviations: CI, 
confidence interval; DB, double-blind; NT-proBNP, N-terminal prohormone of B-type natriuretic peptide; OLE, open-label extension. 

D’après la présentation de Maurer M, ISA 2022 et HFA 
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aVisits with number of patients on both treatment arms ≥60 are presented. Baseline is defined as the last non-missing value available on or before the date of first dose of study drug in the DB period. All patients received patisiran after Month 12. Abbreviations: CI, 
confidence interval; DB, double-blind; NT-proBNP, N-terminal prohormone of B-type natriuretic peptide; OLE, open-label extension. 

Appolo B : Biomarkers change 

D’après la présentation de Maurer M, ISA 2022 et HFA 



Principaux résultats d’HELIOS-B, étude de phase 3 évaluant vutrisiran chez les 
patients atteints d’ATTR-CM 

 
Abréviations : ATTR-CM : amylose à transthyrétine avec cardiomyopathie 
Référence : Identifiant Clinicaltrials.gov : NCT04153149 ; NEJM 2024 : Vutrisiran in Patients with Transthyretin Amyloidosis with Cardiomyopathy 

M. Fontana1 , J. L. Berk2 , J. D. Gillmore1 , R. Witteles3 , M. Grogan4 , B. 
Drachman5 , T. Damy6 , P. Garcia-Pavia7 , S. D. Solomon8 , N. Tahara9 , P. Van 
der Meer10 , L. Yang11 , S. A. Eraly11 , K. L. Boyle11 , J. Vest11 , M. S. Maurer 12 

1Département de médecine, University College London, Royal Free Hospital, Londres, Royaume-Uni ;2 Boston University School 
of Medicine, Boston, MA, USA ;3 Département de médecine cardiovasculaire, Stanford University School of Medicine, Stanford, 
CA, USA ; 4Département des maladies cardiovasculaires, Mayo Clinic College of Medicine, Rochester, MN, USA ; 5Département 
de médecine cardiovasculaire, Penn Presbyterian Medical Center, Philadelphie, PA, USA ;6 Centre de référence pour l'amylose 
cardiaque, Hôpital Henri Mondor, Créteil, France ; 7Département de cardiologie, Hospital Universitario Puerta de Hierro 
Majadahonda, CIBERCV, Madrid, Espagne ;8 Département cardiovasculaire, Brigham and Women's Hospital, Boston, MA, USA ;9 
Département de médecine cardiovasculaire, Départment de Medecine, Kurume University School of Medicine, Kurume, Japan ; 
10Universitair Medisch Centrum Groningen, Université de Groningen, Groningen, Pays-Bas ;11 Alnylam Pharmaceuticals, 
Cambridge, MA, USA ;12 Columbia University Medical Center, New York, NY, USA 

Fontana M, et al New England Journal of Medicine 2024 

https://www.nejm.org/doi/full/10.1056/NEJMoa2409134
https://www.nejm.org/doi/full/10.1056/NEJMoa2409134
https://www.nejm.org/doi/full/10.1056/NEJMoa2409134


Helios B : une étude contemporaine sur 655 patients 
ATTR-CM randomisés 
 

 
Abréviations : 6-MWT, test de marche de 6 minutes ; ATTR, amylose à transthyrétine ; BL, baseline; CV, cardiovasculaire ; DB, double aveugle ; IC, insuffisance cardiaque ; NT-proBNP, prohormone N-terminale du peptide 

natriurétique de type B ; KCCQ-OS, Kansas City Cardiomyopathy Questionnaire - Overall Summary ; NYHA, New York Heart Association ; OLE, open label extension ; PND, polyneuropathy disability ; q3M, tous les 3 mois ; SC, 

sous-cutané ; TTR, transthyrétine.  

 

Références : Identifiant Clinicaltrials.gov : NCT04153149 

aDes niveaux de NT-proBNP >300 pg/mL et <8500 pg/mL (ou >600 pg/mL et <8500 pg/mL pour les patients souffrant de fibrillation auriculaire). 

bLa randomisation a été stratifiée en fonction de l'utilisation de tafamidis à l’inclusion (oui ou non), du type de maladie ATTR (ATTRv ou ATTRwt), de la classe NYHA et de l'âge au départ (classe NYHA I ou II et âge <75 ans 

versus tous les autres). 
cÉvalués dans la population globale et dans la population en monothérapie en tant que critères d'évaluation distincts. 
d655 patients ont été randomisés mais 1 patient s'est retiré entre la randomisation et le dosage 

Population de patients 

(N=655d) 

R
A

N
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O
M

IS
A

T
IO

N
 1

:1
b
 Vutrisiran 

SC q3M 

25 mg 

Placebo 
SC q3M 

ou 
Vutrisiran 

SC q3M 

25 mg 

Critère d'évaluation principal 
• Résultat composite de la mortalité toutes 

causes confondues et des événements CV 

récurrents pendant la période de double 

aveugle (mois 33-36) chez la : 

• Population globale 

• Population en monothérapie (patients 

non traités par tafamidis à l’inclusion) 

Critères d'évaluation secondairesc 

• Distance au 6-MWT : variation entre 
l’inclusion et le mois 30 

• Score au questionnaire cardiomyopathie de 
Kansas City (KCCQ-OS) : variation entre 
l’inclusion et le mois 30 

• Mortalité toutes causes confondues jusqu'à 
42 mois 

• Classe NYHA (proportion de patients 
stabilisés ou améliorés par rapport à 
l’inclusion au mois 30) 

Le statut vital a été vérifié 

pour 99,8 % des patients 



HELIOS-B inclusion and exclusion 
criteria 

Inclusion Criteria Main exclusion Criteria 

•Diagnosis of ATTR-CM 
 

•IVST >12mm 
 

•NTproBNP >300pg/ml 
 

•NTproBNP>600pg/ml if Afib 
 

•A clinical history of HF was required, with at least :  
-One previous hospitalization for HF  
-Or clinical evidence of HF with signs and symptoms of 
volume overload or elevated intracardiac pressures 
warranting diuretic treatment.  

•NTProBNP <8500pg/ml 
 

•NYHA IV 
 

•NYHA III  with a NAC stage of 3 (defined as an NT-proBNP 
level of >3000 pgMl + eGFR<45 ml /min/1.73 m² 
 

•Polyneuropathy disability score of IIIa, IIIb, or IV 
(indicating that a cane or stick is needed to walk 
or that the patient is wheelchair-bound);  
 
•eGFR <30 ml /min/1.73 m² 

At baseline, patients were either receiving tafamidis for ATTR-CM at the dose approved within their country or were 
not receiving tafamidis, with no active plan to start tafamidis during the first 12 months after randomization.  

Fontana M et al , NEJM 2024 
Full inclusion and exclusion criteria are provided in the Supplementary Appendix, available at 
NEJM.org. 



HELIOS-B results : subgroups type depending on treatment 
received r placebo 

 

PCB+TAF 
N= 41 

R
A

N
D

O
M

IS
A

TI
O

N
 1

:1
b
 

Vutrisiran 
SC q3M 
25 mg 
N= 326 

Placebo 
SC Q3m 
N= 328 

ou 

Population globale 

(N=654) 
Tafamidis: ~40% à l’inclusion 

VUTRI 
N= 196 

PCB 
N= 199 

PCB+TAF 
N= 129 

M33 

OLE 

Période variable de DB Jour 1 
(inclusion) 

M60 M42 M36 

VUTRI+TAF 
N= 44 

En moyenne 52 % des 

patients traités par 

tafamidis dans le bras 

traitement et le bras placebo 

VUTRI 
N= 152 

PCB 
N= 156 

VUTRI+TAF 
N= 130 

VUTRI+TAF 
N= 130 

PCB+TAF 
N= 129 

1 Les patients qui ne recevaient pas de tafamidis à l'inclusion mais ayant reçu du tafamidis au cours de la période en double aveugle sont inclus dans la population en monothérapie.  

Ainsi, à l’inclusion la population monothérapie : N = 395   Abréviations : pop : population ; PCB : placebo ; VUTRI : vutrisiran ; TAF : tafamidis  

  

ou 

ou 

Pop. monothérapie1 

Pop. monothérapie 

Drop-inTafamidis: + ~22% vutrisiran et ~21% placebo 

Pop. combothérapie 

Pop. combothérapie 

Fontana M et al , NEJM 2024 



HELIOS B: Primary combined criteria and mortality 

Primary combined criteria : RRR ↘28% Mortality at 42th Month : RRR: ↘36% 

Fontana M, et al New England Journal of Medicine 2024 



HELIOS B: Forest plot depending of the primary 
criteria or mortality 

Sous-groupe Vutrisiran/Placebo HR IC À 95 

(N=654) 

<75 (N=257) 

≥75 (N=397) 

Non (N=395) 

Oui (N=259) 

hATTR (N=76) 

wtATTR (N=578) 

I/II (N=592) 

III (N=62) 

≤2000 (N=342) 

>2000 (N=312) 

0.718 

0.545 

0.806 

0.672 

0.785 

0.922 

0.674 

0.727 

0.681 

0.525 

0.798 

(0.555, 0.929) 

(0.348, 0.854) 

(0.584, 1.114) 

(0.487, 0.929) 

(0.511, 1.207) 

(0.494, 1.724) 

(0.506, 0.898) 

(0.552, 0.958) 

(0.330, 1.406) 

(0.349, 0.788) 

(0.562, 1.133) 

0.25 0.50 1.00 2.00 

Dans l'ensemble 

L'âge 

Tafamidis  

à l’inclusion 

Maladie ATTR 
type 

Classe NYHA 

NT-proBNP  

à l’inclusion 

Favorise Vutrisiran Favorise le placebo 

Vutrisiran/Placebo HR IC À 95 

0.645 

0.552 

0.686 

0.655 

0.588 

0.891 

0.609 

0.663 

0.578 

0.348 

0.827 

(0.463, 0.898) 

(0.293, 1.040) 

(0.464, 1.013) 

(0.440, 0.973) 

(0.320, 1.081) 

(0.390, 2.033) 

(0.424, 0.875) 

(0.467, 0.940) 

(0.198, 1.689) 

(0.183, 0.659) 

(0.553, 1.236) 

0.25 0.50 1.00 2.00 

Favorise le placebo 
Favorise vutrisiran Favorise le placebo Favorise vutrisiran Favorise le placebo 

Fontana M, et al New England Journal of Medicine 2024 

Primary combined criteria Mortality at 42th Month 



Primary outcome criteria and mortality in the 
« Monotherapy » (at baseline) subgroup. 

0 9 22 33 43 52 60 65 72 83 93 103 105 105 
0 14 22 29 34 43 49 52 57 65 69 73 76 76 

Placebo 
Vutrisiran 

Nombre cumulé d'événements 

Délai avant la mortalité toutes causes confonduesa 
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Modèle de Cox HRd =0,655 (IC 95% : 0,440, 0,973) 
Test du log-rank p-value=0,0454 
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Analyse primaireb : HR=0,672 (IC 95% : 0,487, 0,929), p-value=0,0162 

Délai avant 1er événementc: HR=0,644 (IC 95% : 0,479, 0,867), p-value=0,0043 

Placebo 

Vutrisiran 

Placebo 

Vutrisiran 

censuré censuré 

The New England Journal of Medicine (2024) 

33% 35% 

La mortalité toutes causes confondues inclut la transplantation cardiaque et le placement d'un dispositif d'assistance ventriculaire gauche. aBasé sur les courbes de Kaplan-Meier ajustées à l'IPTW ;b Analyse primaire basée 

sur le modèle Andersen-Gill modifié, également connu sous le nom de LWYY ;c Temps jusqu'au premier événement HR dérivé du modèle Cox PH, valeur p dérivée du test Log-rank ;d Temps jusqu'à la mortalité toutes causes 

confondues inclut les données de la période en double aveugle et jusqu'à 6 mois dans l'OLE, les décès après la fin de l'étude sont inclus dans l'analyse, HR dérivé du modèle Cox PH.  

Abréviations : IC, intervalle de confiance ; CV, cardiovasculaire ; event: événements ; HR, hazard ratio ; IPTW, inverse probability of treatment weighting ; LWYY, Lin, Wei, Yang , and Ying ; PH, proportional hazard. 

Fontana M, et al New England Journal of Medicine 2024 

Primary combined criteria : RRR ↘33% Mortality at 42th Month : RRR: ↘35% 



CrisprCas9: First gene therapy results for ATTR :  
Only one injection 

 

 
Gillmore J et al, NEJM 2021 



ATTR Cardiac Amyloidosis Treatments :  
A new area in cardiology 

 

 

Liver Transplantation 

TTR Gene Silencing 
-siRNA  and ASO : 
Patisiran, Revusiran, 
Vutrisiran, Inotersen, 
Eplontersen 
-Crispr Cas 9 

TTR Stabilizers 
-Tafamidis,  
-Acoramidis,  
-Diflunisal 

Antibodies to clear  
Amyloidosis Deposits 
-NI006 
-PRX004 

Adapted from Carroll A, et al. J Neurol Neurosurg P 2022 



Michalon A et al , Nat com 2021 

Pablo Garcia-Pavia et al, NEJM 2023, NEJM 2023 

 Double-blind, placebo-controlled, international, multicenter, combined single-
ascending-dose and multiple-ascending dose, randomized clinical trial with an 
openlabel extension phase. 

 NI006 or placebo every 4 weeks for 4 months. 

 The 4-month placebocontrolled, ascending-dose phase was followed by an 8-
month open-label extension phase in which all participating patients 
(including those randomly assigned to receive placebo) received NI006 with 
stepwise increases in the dose. 



Changes in Cardiac Fixation (Bone Scintigraphy 
and ECV (Cardiac MRI) 

 

 
Pablo Garcia-Pavia et al, NEJM 2023, NEJM 2023 



Conclusion : Take home message 

 Early diagnosis, early treatment = better outcome 

 AL amyloidosis is an emergency : To refer ASAP 

 Think about progressive increase in LVWT 

 Think about extracardiac signs+++ 
 

 Adapt cardiac management 

 Start specific treatment 
 

 Develop dedicated network in hospital and country : Team building 

 

What I learnt : We can’t face this disease alone 
 

 



Mondor Amyloidosis Organization : Team building 

MedicineMultidisciplinary Network 

Neurology: V Planté-Bordeneuve, T Gendre 

Neuro-muscular disease: J Authier, G Bassez 

Nephrology: V Audard, P Rémy, K El Karoui  

Haematology: F Lemmonier, K Belhadj, J 

Dupuis, F Le Bras, R Gounot 

Internal medicin: M Michel 

Hepatology: V Leroy, A Amiot 

Geriatry: A Broussier, N Liu 
Genetic: B Funalot, P Fannen, B Hébrard

 

Surgery 
Cardiac surgery: T Folliguet, E 

Bergoend, C Radu,  

Urology : D Vordos 

Orthopedy : A Pidet 

Amyloidosis Diagnosis and 

MonitoringPlatforms 
 

Bio-Haematology : O Wagner-Ballon 

Electrophysiology : JP Lefaucheur 

Pathology : E Poullot 

Sequencing : B Funalot, P Fanen, B Hebrard, C 

Mekki 

Immuno-biology: V Frenkel 

Radiology: JF Deux 

Nuclear Medecine : E Itti, M Abelisi 

 

 

Cardiac Amyloidosis Referal Center – (Rare Disease Network) 
 

 

 

 

Oncopole – Toulouse : Mass spectometry : M Colombat – NGS cytogenetic: H Loiseau 

Coordination – Quality of life  
Healthcare pathway: C Henrion 

Referral CenterSecretariat : I Vallat 

IDE amyloidosis coordination : S Maupou 

Psychology: J Pompougnac 

Cardiologists Team 
CA : T Damy, S Guendouz, L Hittinger, S 

Oghina, A Zaroui, S Guendouz, A Galat, S 

Mallet. GDS Chadha M Hentati, E 

Charbonneau, S Odouard, A Medioni,  

Rythmologist : N Lellouche, N Elbaz, S 

Rouffiac 

Clinical research Team / HEAR 
Study Ingenior: M Kharoubi, M Bezard, 

Research assistant:  A Vardanian, Dylan,  

Wissem, Sasaf 

HF Telemonitoring 
Coordination : L Alexandre, A 

Duchenne 

Nurses : A Gauchard, M Frelat, S Dias, 

C Lecert 
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Parcours Nationaux de Diagnostic et de 
Soins (PNDS) Amyloses Cardiaques 

 

www.reseau-amylose.org 



Mc Donagh T et al, EHJ 2021 



 

Garcia-Pavia P et al , 2021, 00, 1-15 



Amyloidosis: Definition and physiopathology  

Merlini, NEJM 2003 

Ternacle J, JACC 2019 

Extracellular infiltration 
↗ Cellular death 
 

↗ Stiffness : CMR 
↗ Thickness : LVH 
 

↘Stroke volume 
↘Cardiac Output 

 
 

Amyloid fibrills : >36 Proteins  
Non Immunogenic++++ (most of the time!) 
Associated with Aging-Process 
 

Dynamic progress+++ 

Amyloid Fibrills Organs infiltration Human Disease 

Extracardiac Sd 
 

Heart Failure 
Conduction D 
Rhythm D 
Death 
 



Consequences of Cardiac Amyloid Infiltration 

Stable and Stiff  

Interstitial Infiltration 

Progressive and Dynamic 

Non Immunogenic++++ 

Associated with Aging-Process 

 

Merlini G, NEJM 2003 

↗ Stiffness  
↗ Thickness 
↗ Cellular death 

Amyloid fibrils Cardiac Consequences… 

↗ HF  
↗ Arrhythmias 
↗ Conduction D 
↗ Thrombosis 
 



Amyloidosis Classification and Cardiac forms 

ACQUIRED HEREDITARY 

WT-TTR 

Wild type Transthyretin  or 

Senile Systemic Amyloidosis 

AL 

Light Chain 

AA 

Maladies inflammatoires 

mTTR 

Hereditary TTR 

Fibrinogen 

Gelsolin 

ApoA1 

ApoA2 

Lysozyme 

Cystatin C 



Transthyretin Amyloidosis (ATTR) 
Pathophysiology 

73 

 

 

 

 

Dissociation 

ATTRv (variant) 
Autosomal dominant 

120 TTR gene mutations  
Heart>>> Nerve 

ATTRwt (wild-type) 
>1/4 of men above 80 years old have 

ATTR deposits in the heart 

 

3.6% of Sub-saharian africans are carrier of the mutation ATTR Val122Ile 



mTTR-CA: Hereditary TTR-CA 

 Transthyretin gene (Chromosome 

18; 4 exons). 

 Autosomal Dominant 

 >100 mutations 

Rapezzi C et al, Eur Heart J 2013 

3.6% of Africans-Americans! 

VAL122ILE 

Genetic  

sequencing 



Senile Systemic Amyloidosis : WT-TTR 

 Prevalence : 

 ATTR Deposits in the heart : 25%  of subjects older > 80y  
WT-TTR = « Cardiac Alzeihmer disease » 

 WT-TTR CA : Prevalence underestimated in Cardiology 
Setting 

 Men >Women 

 Physiopathology unknown : CV Risk factors or 
Disease? 

 Diagnosis : TTR-CA with no TTR gene mutation 

 History Amyloid Infiltration occurs Several Years 
before CA in   

 Carpal Tunnel  = Syndrome and Surgery. 

 Lomber Spinal  = Stenosis. 

 Deafness 

 



CARDIAC SYMPTOMS AND IMAGING ABNORMALITIES 

Natural History of TTR-CA 

NOT DIAGNOSED LATE OR MIS DIAGNOSIS 

UNDERSTIMATED 

NO CARDIAC INFILTRATION SEVERE CARDIAC INFILTRATION MILD CARDIAC INFILTRATION 



Cardiac phenotype and prognosis 

TTR-amyloidosis-Val122Ile homozygote   

After Heart and liver transplant 

INCREASE CARDIAC STIFFNESS 

+ 

INCREASE LV WALL THICKNESSES 

+ 

DECREASE OF VENTRICULAR CAVITIES SIZE 

« HYPERTROPHIC » CARDIOMYOPATHY 

+ 

RESTRICTIVE CARDIOMYOPATHY 

SEVERE HEART FAILURE 
BAD PROGNOSIS 

<30-40% Alive at 3 years 

Physiopathology 

Phenotype 

Consequences 



Patient – Specific Biomechanical Modeling of 
Cardiac Amyloidosis, A case Study 

D. Chapelle, A. Felder, R; Chabiniok, A. Guellich, J-F Deux and T. Damy 

Chapelle et al FIMH 2015 

92bpm 

63bpm 

HR↘=↘CO 

CardiacOutput = HeartRate x SV 

Low Stroke Volume  
 No preload reserve 
HR dependency 



Conséquences anatomiques et physiopathologiques de 
l’infiltration amyloïde myocardique et du SNA 

Vasculaire Pericarde Myocarde Endocarde 

↗ Epaisseur 

↗ Rigidité 

Dysfonction diastolique 

Dysfonction systolique 

Thrombose : (EP/AVC) 

Mort cellulaire : ↗ Troponine 

IT /IM 

Rétrécissement 

Aortique = 6 à 16% 

Ischémie 

Nécrose Epanchement  

Péricardique 

Tamponnade 

Cellules “électriques” Système Nerveux Autonome 

Trouble du rythme : Arythmie, Flutter 

Trouble de la conduction : BAV1-2-3 

↘ Fréquence  Cardiaque 

Insufffisance Chronotrope à l’effort  

Hypotension Orthostatique 



Summary of Prevalence 

HF-PEF AS+TAVI HCM 

Wild-type-
TTR 

13%  6-16%  ? 

Hereditary-
TTR 

? ? 7.6%>65y old 

AL ? ? ? 

Garcia P and al, ESC position paper 2021 



ATTR prevalence in cardiologic « syndromes » 

Aimo A et al, Eur J Heart Failure 2022 



 

Garcia-Pavia P et al , 2021, 00, 1-15 



 

Garcia-Pavia P et al , 2021, 00, 1-15 



Suspicion of Cardiac Amyloidosis 

 

Garcia-Pavia P et al , 2021, 00, 1-15 

Woman ≥ 11mm 



Amyloidosis subtypes 

 

Garcia-Pavia P et al , 2021, 00, 1-15 



 Fixation cardiaque avec Score Visuel 
de  Perrugini ≥ 2 = Amylose TTR 

 Absence de Fixation : Ne permet pas 
d’éliminer une amylose AL 

ECHO IRM Scintigraphie EKG 

• Low voltage 
• Q waves 

Biomarkers 

• NTproBNP 
• Troponine 

Biomarkers, Cardiac-Echo/MRI and Bone scintigraphy 

0 1 2 3 

• Hypertrophie biventriculaire 

• Profil restricitf 

• Anomalie du Strain global 

• Aspect « apical sparing » 

• Réhaussement  

Tardif diffus ou 

circonferenciel 

Brun S et al, Open Heart 2020; Maurer MS et al, Circ Heart Fail 2019 



 

 

ESC Cardiac AmyloidosisDiagnosis Algorithm 

Garcia-Pavia P et al , 2021, 00, 1-15 



 

 

ESC Cardiac AmyloidosisDiagnosis Algorithm 
Diagnostic Histological proof is needed in 3 cases 

Garcia-Pavia P et al , 2021, 00, 1-15 



Modified from Griffin JM and Maurer M, Trends in Cvar Medicine 2019 

ATTR-CM Natural history of the disease before 
Tafamidis 

Atteinte  
Multisystémique 



Melphalan + Cyclophosphamide  

Proteasome inhibitor: Bortezomid 

Dexaméthasone 

« CyBorD » 

DaraCyBorD ou 
« Andromeda » 

CyBorD : Cyclophosphamide, Bortezomib, 
Dexaméthasone 

Monoclonnal anti body anti-CD 38 : 
DARATUMUMAB Giada Bianchi et al, AL Amyloidosis: Current Chemotherapy and Immune 

Therapy Treatment Strategies: JACC: CardioOncology State-of-the-Art 

Review, 2021 

Juin 2020 

90 

AL amyloidosis treatment: chemotherapy and 
immunotherapy 



Available and future disease-modifying 
therapies in transthyretin amyloidosis (ATTR). 

 



ATTR Cardiac Amyloidosis Treatments :  
A new area in cardiology 

Liver Transplantation 

TTR Gene Silencing 
-siRNA  and ASO : 
Patisiran, Revusiran, 
Vutrisiran, Inotersen, 
Eplontersen 
-Crispr Cas 9 

TTR Stabilizers 
-Tafamidis,  
-Acoramidis,  
-Diflunisal 

Antibodies to clear  
Amyloidosis Deposits 
-NI006 
-PRX004 

Adapted from Carroll A, et al. J Neurol Neurosurg P 2022 





Tafamidis Reduces All-Cause Mortality of 30% 

Tafamidis (78/264, 29.5%) vs. Placebo (76/177, 42.9%) 

Mortality hazard ratio = 0.70; 95%CI (0.51-0.96), P=0.0259 

Maurer M et al , New England Journal of Medicine 2018 



 Median follow-up was 58.5 months 
in the continuous tafamidis group 
(n=176) and 57.1 months in the 
placebo to tafamidis group 
(n=177).  

 79 (44.9%) deaths with continuous 
tafamidis and 111 (62.7%) with 
placebo to tafamidis (hazard 
ratio, 0.59 [95% CI, 0.44–0.79]; 
P<0.001). 

Elliott, P, et al. Circulation Heart Fail. 2021 



Tafamidis reduces the decline in the 6MWT 
distance and KCCQ-OS score at 30 months 

Tafamidis  vs Placebo  At 12months At 30 months 

NTproBNP 
Least-square mean difference 

−735.14 
 [95% CI, −1249.16 to −221.13] 

−2180.54 
 [95% CI, −3326.14 to −1034.95] 

Maurer M et al , New England Journal of Medicine 2018 



Dose efficacy of Tafamidis in ATTR-CA 

Damy et al, Eur J Heart Failure 2020 



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. 

 

 99 

Comparative change of NTproBNP and HS-
cTnT before and after Tafamidis 

Oghina S et al, JCM 2021 



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. 

 

Giblin T and al European Heart Journal - Cardiovascular Imaging (2022) 23, 1029–1039 

Effect of tafamidis on global longitudinal strain 
and myocardial work in transthyretin cardiac 
amyloidosis 



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. 

 Confirmed by :  

 Monitoring tafamidis treatment with 
quantitative SPECT/CT in transthyretin 
amyloid cardiomyopathy 

 René Rettl et al, Eur Heart J Cardiovasc 
Imaging .2023 Mar 

 

 « ATTR-CM patients with a reduction greater 
than or equal to the median (n = 20) had a 
significant decrease in SUV retention index 
(P < 0.001) at follow-up, which translated 
into significant benefits in serum N-terminal 
prohormone of brain natriuretic peptide 
levels (P = 0.006), left atrial volume index (P 
= 0.038), as well as LV [LV global 
longitudinal strain: P = 0.028, LV ejection 
fraction (EF): P = 0.027, LV cardiac index 
(CI): P = 0.034] and right ventricular (RV) 
[RVEF: P = 0.025, RVCI: P = 0.048] 
functions compared with patients with a 
decrease less than the median (n = 20).  » 

 

Odouard S and al….Galat A,  

JACC CardioVasc Imaging 2022 

Tafamidis Decreases Cardiac Uptake of 99mTc-
HMDP in ATTR Cardiac Amyloidosis 

https://pubmed-ncbi-nlm-nih-gov.proxy.insermbiblio.inist.fr/?term=Rettl+R&cauthor_id=36881774
https://pubmed-ncbi-nlm-nih-gov.proxy.insermbiblio.inist.fr/?term=Rettl+R&cauthor_id=36881774


ATTRibute-CM study design1,2 

Screening and randomization Open-label extension 

30-month primary endpoint3: 
Hierarchical analysis consisting of all-cause mortality, 

cumulative frequency of CVH, change from baseline in NT- 
proBNP, and change from baseline in 6MWD 

11 

800 mg 
acoramidis 
HCl 
twice daily 

• Subjects with diagnosed ATTR- 
CM (WT or variant) 

• NYHA Class I-III 

• ATTR-positive biopsy or 
99mTc scan 

• Light chain amyloidosis 
excluded if diagnosis by 99mTc 

Key 
eligibility 
criteria 

6MWD = Six-minute walk distance; NYHA = New York Heart Association; 99mTc = Technetium labeled pyrophosphate (PYP) or bisphosphonate (e.g., DPD); mITT = Modified intent-to-treat. eGFR = Estimated 
glomerular filtration rate. 
1ClinicalTrials.gov identifier: NCT03860935. 2Gillmore JD et al. Circulation. 2019;140(1):14214. Oral poster presented at AHA. 3Primary analysis assessed using the Finkelstein-Schoenfeld method. 

800 mg acoramidis HCl twice daily 

N = 421 

Placebo twice daily 

N = 211 
Efficacy assessment included 611 participants in the pre- 
specified mITT population (eGFR ≥30 mL/min/1.73 m2) 

 
Tafamidis usage allowed after Month 12 



Highly statistically significant result achieved on 
primary and selected secondary endpoints 

12 

KCCQ-OS = Kansas City cardiomyopathy questionnaire overall summary score. 
1Primary analysis assessed using the Finkelstein-Schoenfeld method. 2Heart transplant and implantation of cardiac mechanical assistance device were treated as death for this analysis. 3Negative binomial regression with treatment 
group, stratification factors and the offset term is used to analyze the cumulative frequency of adjudicated CV-related hospitalization.4Least squares mean difference change from baseline at 30 months. 5Ratio of adjusted geometric 
mean fold change from baseline at 30 months. 6Assessed by Cochran-Mantel-Haenszel test; p=0.15 as assessed by Cox Proportional Hazard Model. 
 

58% of ties broken by 
first two components 
of Win Ratio analysis 

Primary endpoint1 p-value 

Hierarchical analysis consisting of: 
• All-cause mortality2 

• Cumulative frequency of CVH 
• Change from baseline in NT-proBNP 
• Change from baseline in 6MWD 

p<0.0001 

Win Ratio 1.8 

Select secondary endpoints p-value 

Cumulative frequency of CVH3 p<0.0001 

Change from baseline in 6MWD4 p<0.0001 

Change from baseline in KCCQ-OS4 p<0.0001 

Change from baseline in serum TTR4 p<0.0001 

Change from baseline in NT-proBNP5 p<0.0001 

All-cause mortality2,6 p=0.057 NS on mortality 



 Les mécanismes d’action des nouveaux 
traitements 

Liver Transplantation 

TTR Gene Silencing 
-siRNA  and ASO : 
Patisiran, Revusiran, 
Vutrisiran, Inotersen, 
Eplontersen 
-Crispr Cas 9 

TTR Stabilizers 
-Tafamidis,  
-Acoramidis,  
-Diflunisal 

Antibodies to clear  
Amyloidosis Deposits 
-NI006 
-PRX004 

Adapted from Carroll A, et al. J Neurol Neurosurg P 2022 



Undergoing ClinicalTrial including ATTR-WT 
Drugs Patisiran Vutrisiran ION-682884 

Inclusion ATTR Cardiomyopathy ATTR Cardiomyopathy ATTR Cardiomyopathy 

Trial Phase 3 
APPOLO 

Phase 3 
HELIOS B 

Phase 3 
CARDIO TTRansform 

Methodology Phase 3 / Double blind Phase 3 / Double blind Phase 3 / Double blind 

Administration Intravenous Subcutaneous Subcutaneouss 

Where we are? Inclusion started 
 

Inclusion started Inclusion pending 

Drugs NI006-101 –TTR ANTIBODY 

Inclusion ATTR Cardiomyopathy 

Trial Phase 3 
NI006 

Methodology Phase ½ / Double blind 

Administration Intravenous 

Where we are? Inclusion started 
 

Stop  
Protein production 

Stop/limit 
Amyloid fibrills production  

Remove  
Amyloid Fibrills from Organs 



APPOLO-B design : Patisiran IV injection every 
3 weeks 

 

Maurer MS et al, ISA Heidelberg meeting Abstract : OPLB001 08_09_2022 

+ Open Long term Extension (OLE) 



Appolo-B : ATTRv and ATTRwt 

Primary criteria Secondary criteria 

Maurer M, ISA 2022 



1.53 (1.38, 1.71) 

No. of patients 

Placebo 

Patisiran 

178 

181 

165 

169 
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157 
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168 

171 

Patisiran Placebo 

Geometric Mean Fold Change from  

Baseline in NT-proBNPa 

Baseline 

2.0 

Time (Months) 
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DB period OLE period 
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Time (Months) 
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1.0 

Geometric Mean Fold Change from  

Baseline in Troponin Ia 

3 

1.18 (1.11, 1.25) 

1.04 (0.99, 1.09) 

1.29  

(1.21, 1.38) 

1.11  

(1.05, 1.18) 

1.09 (1.01, 1.17) 

No. of patients 

Placebo 

Patisiran 

172 

174 

162 

162 

156 

160 

155 

158 

145 

147 

158 

161 

150 

146 

DB period OLE period 

Worse 

Better 

1.21 (1.13, 1.30) 
Worse 

Better 

aVisits with number of patients on both treatment arms ≥60 are presented. Baseline is defined as the last non-missing value available on or before the date of first dose of study drug in the DB period. All patients received patisiran after Month 12. Abbreviations: CI, 
confidence interval; DB, double-blind; NT-proBNP, N-terminal prohormone of B-type natriuretic peptide; OLE, open-label extension. 

Appolo B : Biomarkers change 

D’après la présentation de Maurer M, ISA 2022 et HFA 



HELIOS B : Sub-cutaneous injection 
every 3 months. 

Randomized, double-blind trial in patients with ATTR-CM 

 

N = 655 

Patient population  

• Amyloidosis ATTR; wtATTR or ATTRv 

regardless of mutation 

‒ ≤ 30% use of tafamidis at baseline 

 

• Confirmed cardiomyopathy and history of 

symptomatic heart failure  

 

• NYHA ≤ III; 

 

• PND I or II at baseline 

1
:1
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A

N
D
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N
 

Primary endpoint 

Composite outcome of all-cause mortality and recurrent CV 

hospitalizations (when the last patient reaches month 30). 

 

Secondary endpoints 

• Distance to 6-MWT  

• Kansas City Cardiomyopathy Questionnaire (KCCQ OS) score. 

• Average wall thickness of the left ventricle (LV) 

• Global longitudinal strain 

• Composite endpoint of all-cause mortality and recurrent all-cause 

hospitalizations 

• All-cause mortality 

• Recurrent CV hospitalizations 

• NT-proBNP 

Vutrisiran 

SC q3M 

25 mg 

Placebo 

SC q3M 

or 

https://www.clinicaltrials.gov/ct2/show/NCT04153149 



CrisprCas9: First gene therapy results for ATTR :  
Only one injection 

 

Gillmore J et al, NEJM 2021 



 Les mécanismes d’action des nouveaux 
traitements 

Liver Transplantation 

TTR Gene Silencing 
-siRNA  and ASO : 
Patisiran, Revusiran, 
Vutrisiran, Inotersen, 
Eplontersen 
-Crispr Cas 9 

TTR Stabilizers 
-Tafamidis,  
-Acoramidis,  
-Diflunisal 

Antibodies to clear  
Amyloidosis Deposits 
-NI006 
-PRX004 

Adapted from Carroll A, et al. J Neurol Neurosurg P 2022 



Michalon A et al , Nat com 2021 

Pablo Garcia-Pavia et al, NEJM 2023, NEJM 2023 

 Double-blind, placebo-controlled, international, multicenter, combined single-
ascending-dose and multiple-ascending dose, randomized clinical trial with an 
openlabel extension phase. 

 NI006 or placebo every 4 weeks for 4 months. 

 The 4-month placebocontrolled, ascending-dose phase was followed by an 8-
month open-label extension phase in which all participating patients 
(including those randomly assigned to receive placebo) received NI006 with 
stepwise increases in the dose. 



Changes in Cardiac Fixation (Bone Scintigraphy 
and ECV (Cardiac MRI) 

 

Pablo Garcia-Pavia et al, NEJM 2023, NEJM 2023 



Change in NTproBNP and Troponin following 
NI006 

 

Pablo Garcia-Pavia et al, NEJM 2023, NEJM 2023 



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. 

 

Garcia Pavia P et al Eur HF J 2021 



Conclusion 

 AL amyloidosis are rare, underestimated and fatal multisystemic  

disease : Diagnostic emergency+++ = AL Treatment : Chemotherapy / 

Immunotherapy.  

 ATTR Treatment : Tafamidis and lot of new options are coming if we 

can offer them 

 Don’t forget that…ATTR+ Gammopathy are frequent… 

 

 “The evolution of targeted treatment options, holds much promise 

for improving the outcomes of patients” 
 

Hawkins P et al , Annals of Medicine 2015 



Develop websites to make the information 
accessible to everyone 

 www.reseau-amylose.org 

 www.bibliose.org 

 www.hearts-foundation.org 

 

 www.congres-amylose.com 

 www.masterclass-amylose.com 
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www.reseau-amylose.org 
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Le Bras 
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Genetic: B Funalot 

 

Surgery 

Cardiac surgery: T Folliguet, JP Couetil, E 

Bergoend,  

C Radu, M Hillion 

Hepatic surgery : D Azoulay 

Orthopedy : A Pidet 

Platforms 

 

Haematology : O Wagner-Ballon 

Electrophysiology : JP Lefaucheur 

Pathology : A Moktefi, E Poullot 
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Hebrard, C Mekki 

Immuno-biology: V Frenkel 

Radiology: JF Deux 

Scintigraphy : E Itti, M Abelisi 
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