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1. Johnson et al. JMB 2012. 2. Marcoux et al. EMBO J 2015. 3. Mangione et al. JBC 2018 
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Klimtchuk et al. PNAS 2018. Worldwide distribution of Val30Met ATTR-FAP 

Mutations in the TTR gene cause hereditary systemic amyloidosis 
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Hereditary transthyretin amyloidosis (ATTR) 

is a heterogeneous multisystem degenerative disease 

 
High phenotypic variability is observed with regard to: 

 
• Clinical presentation 

 
• Age at onset 

 
• Disease penetrance 

 
• Rate of progression 

 
• Response to therapy 

 

 
Such a significantly diverse clinical 

presentation negatively impacts on 

early disease recognition, resulting in 

diagnostic delays 

Conceição et al. J Peripher Nerv Syst 2015 

 
 

 

 

Courtesy of Prof. V Bellotti 

Fibrils 

Native protein 

Cross beta oligomers Partially folded protein 

Elongation can proceed 
even at a low 
concentration of the 
partially folded protein Nucleation needs 

high concentration of 
partially folded protein 

The kinetics of amyloid formation 
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Adams et al. Neurology 2015 

 

Retrospective study of 283 patients with different genotypes and a 
range of neurologic impairment, representative of real-world population 

 

 

 

 

 

 

 

 

 

 

 

 
• Loess fit and Gompertz fit models show a rapid neuropathy progression 

rate over the initial 3–5 years 

• Estimated ΔNIS score 14.3 points/year 

Worsening disease over an average of 10 years 

 
Hou X et al. FEBS J 2007; Coutinho P. In: Glenner GG et al, eds. Amyloid and amyloidosis 1980; Benson MD et al. Amyloid 

PND I-II 

• Symptoms are limited to feet and legs with 
impaired pain and temperature sensation 

• Sensation of touch is maintained 

• Unassisted walking 

PND IIIA-IIIB 

• Motor dysfunction in the lower limbs 
and loss of touch sensation 

• Mobility is maintained but crutches or 
a stick are needed for walking 

PND IV 

• Patient is bedridden or in a wheelchair 
with generalised weakness, malnutrition, 
cachexia and incontinence 

• Pain and temperature sensation is lacking 
apart from in the head/neck 

A relentlessly progressive sensory-motor polyneuropathy according to FAP stage 
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18F-florbetapir 
18F-florbetaben 
11C-Pittsburgh compound 

B 
Dorbala et al, EJNMMI 2014 

Park et al, Circ Cardiov Img. 2015 
Law et al, J Nucl Med 2016 
Pilebro et al, J Nucl Cardiol. 2017 
Manwani et al, ISA 2018 PB054 

Maceira et al, Circulation 2005 

Banypersad et al, Circ Cardiovasc Img. 2013 

Fontana et al, JACC Cardiovasc Img. 2017 
Martinez-Naharro et al, ISA 2018 PA060 
Cibeira et al, ISA 2018 PB095 

Cardiac MRI: T1 mapping - LGE 

Rapezzi et al JACC Imaging 2011 

Imaging TTR cardiac amyloidosis 

Bone scintigraphy 
Echocardiography: wall thickness-GLS 

Cardiac involvement (184 patients) 

median 73 months 

P=0.010 

No cardiac involvement (71 patients) 
median 90 months 

median 78 months 

Survival of 255 patients with hereditary ATTR amyloidosis 
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Tafamidis phase III ATTR-ACT 
trial positive results published 
(Maurer et al. NEJM 2018) 

Inotersen approved in Tafamidis approved 

Europe and USA for  in USA for ATTR 
ATTR-FAP stage I and II cardiomyopathy 

age I in Europ 

for ATTR-FAP 

St e 

Tafamidis approved Liver 
transplantation 

Diflunisal phase III trial 
positive results in ATTR- 
FAP published (Berk et al. 

JAMA 2013) 

 
 

1990 1995 2000 2008 2011 2012 2013 2015 2017 2018 2019 

Combined liver/heart 
transplantation 

Treatment for hereditary ATTR is now rapidly evolving 

Domino transplant 

Patisiran 
approved in Europe 
and USA for ATTR-FAP 

stage I and II 

Misfolded 
monome 
r 

Folded full length 

monomer 

misfolding 

Truncated monomer 

(49-127) 

Therapeutic targets for hereditary TTR amyloidosis 

Tetramer stabilizers 

• Tafamidis 
• Diflunisal 
• SOM0226 (Tolcapone) 

• AG10 

Amyloid fibril 
degradation/reabsorption 
• Anti-TTR misfolded 

• Doxycycline + TUDCA 

Suppression of the synthesis 
• Liver transplantation 

• Gene silencing (siRNA, ASO) 
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Combined liver-heart or 

liver-kidney 

transplantation 

80% survival at 10 years 

in early-onset Met30 

20-year survival rate 55,3% in 1940 patients from 19 countries 

(www.fapwtr.org) 

 

Liver transplantation: long-term survival benefit 
 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 
Ericzon BG et al, Transplantation 2015 

Yamashita et al, Neurology 2012 

Calvalho et al, Liver Transplantation 2015 

 
Careful patient selection 

Val30Met 

Early-onset of disease 
Short disease duration 
High mBMI 

 

 

 
 

 

Diflunisal is a non-steroidal 
anti-inflammatory drug 
repositioned for hereditary 
ATTR (Berk et al, JAMA 2013) 

Not approved for this 
indication 

• Available as a galenic product 
in Italy • 

• 

• Tafamidis is approved 
in Europe for ATTR- 
FAP stage I 

It is also approved in 
Mexico, Brasil, 
Argentina, Japan and 
Israel 

Approved in the USA 
of ATTR 
cardiomyopathy 

• 

 

 
• 

Diflunisal Tafamidis Thyroxine 

TTR stabilizers 
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5.3 points NIS-LL change at  5.5 

years 

Suppression of hepatic production of 

wild-type and mutant TTR 

siRNA, small Interfering RNA; RISC, RNA-‐induced silencing complex–responsible for the silencing phenomenon known as RNA interference 

Watts & Corey. J Pathol 2012;226:365–79 

Association-mediated 
repression 
(if partially 

mismatched) 

mRNA cleavage 
(if perfectly 

complementary) 

protein factors 
“steric block” (e.g. RNase H) 

Modulating 

Recruiting splicing 

Blocking 
ribosomes or 
other factors 

AAAAn 
m7G 

RISC 

AAAAn m7G 

RISC 

RNA interference (RNAi) 
siRNA 

RISC 

Antisense oligonucleotides (ASOs) 

ASO 

Innovative Disease-Modifying Therapeutics: 

TTR-lowering Agents 

• Duplex associates with RISC 

• Passenger strand is removed 

• Guide strand leads RISC to 

target 

• ASO delivered 
as single strand; 
finds its target 
alone 



9 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Enrollment and disposition of patients 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Benson et al, NEJM 2018 

*Patients who complete the study may be eligible for inotersen treatment on Phase 3 OLE study (NCT02175004) 

 
Benson et al, NEJM 2018 

15 12 6 Months 
0

 

Double- 
blind 

Placebo SC (Day 1, Day 3, Day 5) 
then qw 

Inotersen 300 mg SC (Day 1, 
Day 3, Day 5) 

then qw 

Patient Population 
(n~195) 

 
• hATTR amyloidosis 
with polyneuropathy: 
any TTR mutation, 
hATTR amyloidosis 
Stage I or II 

• Amyloid deposit by 
biopsy 

• Neurological 
impairment score (NIS) 
of 10–130 

 
 

Primary endpoints 
• Change in mNIS+7Ionis 

from baseline 
• Change in Norfolk QoL- 

DN from baseline 

 

Other endpoints: 
• Individual mNIS+7Ionis 

components 
• NIS+7 
• mBMI 
• Cardiac assessments 
• SF-36 

2
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Baseline demographics and disease characteristics were 

well balanced between treatment groups 

 

 
 

 

 

 
 

 

 

Benson et al, NEJM 2018 

Sustained reduction in circulating TTR over 15 months 

 
Median reduction of serum TTR level was 79% 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Benson et al, NEJM 2018 
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Primary efficacy end points: change in mNIS+7 and Norfolk QOL-DN from baseline at week 66 

 

 

 

 

 

 

 

 

 

 

 

Patients with ≤ 0-point change from baseline at 

week 66 

 
Approved by FDA and EMA for 

hereditary ATTR polyneuropathy 

FAP stages I and II 

Benson et al, NEJM 2018 

 

Significant benefit of inotersen compared with placebo across all subgroup analyses 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Benson et al, NEJM 2018 
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Safety and tolerability 

 

 

 
TEAEs more common with inotersen vs 

placebo: low platelet count, nausea, chills, 

fever, vomiting, anemia, thrombocytopenia 

 

Enhanced safety monitoring implemented for 

thrombocytopenia and renal parameters, no 

additional issues 

 
Patients receiving inotersen should take oral 

supplementation of vitamin A per day to 

reduce potential risk of ocular toxicity 

 

 

 
 

Benson et al, NEJM 2018 

 

 

 

 

 

 
 

  
 

Adams et al, NEJM 2018 
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Enrollment and disposition of patients 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Adams et al, NEJM 2018 

Baseline demographic and clinical characteristics of the patients 
 

 

 

 

 

 

 

 

 

 

 

 

 

Adams et al, NEJM 2018 
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Reduction in Serum TTR Levels Was Rapid and Sustained over 18 Months in the 

APOLLO Study 

 

 

 

 

 

 

 

 

 

 

 

 

Mean reduction of serum TTR level after 18 months’ patisiran treatment was 84 % 

Adams et al, NEJM 2018 

Patisiran Treatment Improved the Primary Endpoint mNIS+7 from Baseline to 

Month 18 

 

 

 

 

 

 

 

 

 
Improvement in mNIS+7 score at 18 months 

was consistent across all subgroups, 

significantly favoring patisiran 

 

 
Approved by FDA and EMA for hereditary ATTR polyneuropathy FAP stages I and II 

Adams et al, NEJM 2018 
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All secondary endpoints were significantly improved with patisiran compared with placebo 
 
 

 

 

 
Adams et al, NEJM 2018 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
Solomon et al, Circulation 2018 
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Safety and tolerability 

 
Majority of AEs were mild or moderate in severity 

 

• Most frequent AEs in patisiran-treated patients 

were peripheral edema (29.7%) and IRRs (18.9%); 

an IRR led to discontinuation of 1 patient (0.7%) 

 
 

In patients experiencing an IRR, the majority 

experienced the first IRR within the first two infusions 

 

To reduce the risk of IRRs, patients should receive 

premedications on the day of patisiran infusion, at 

least 60 minutes prior to start of infusion 

 
Patients receiving patisiran should take oral 

supplementation vitamin A per day to reduce 

potential risk of ocular toxicity 

 
Adams et al, NEJM 2018 

Misfolded 

monomer Folded full length 

monomer 

misfolding 

Truncated monomer 

(49-127) 

Present and future investigational drugs 

Tetramer stabilizers 

• Tafamidis 
• Diflunisal 
• SOM0226 (Tolcapone) 

• AG10 

Amyloid fibril 

degradation/reabsorption 
• Anti-TTR misfolded 

• Doxycycline + TUDCA 

Suppression of the synthesis 
• Liver transplantation 

• Gene silencing (siRNA, ASO) 

• Second generation siRNA and ASO 
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