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AMILOIDOSI TTR: MECCANISMI



AMILOIDOSI TTR: MECCANISMI

Blood-nerve barrier disruption Amorphoic material Iummature seeds of amyloid Amyloid fibrils Schwan cells atrophy

Il processo patologico inizia molto prima delle comparsa dei sintomi
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AMILOIDOSI TTR: 
EPIDEMIOLOGIA, 
GENETICA







CM, cardiomyopathy; GI, gastrointestinal; ATTRv, hereditary transthyretin amyloidosis; PN, polyneuropathy
1. Wixner J et al. Orphanet J Rare Dis 2014;9:61.

Adapted from Wixner J et al. 
20141

ATTRv amyloidosis is predominantly a multi-system disease that varies in 
symptoms according to mutation status





• Discordanza tra ECG e 
ecocardiografia! Aumento degli 
spessore di parete con voltaggi bassi 
(<5mm) e onde di pseudonecrosi
all’ECG che non hanno correlato 
all’ecocardiografia.

• Pressione arteriosa normalizzata in 
un paziente precedentemente 
iperteso

• Paziente francamente ipoteso con 
tachicardia compensatoria

• Scarsa tolleranza al beta-bloccante
• Incremento troponina e proNTBNP in 

assenza di correlato clinico

CARDIOMIOPATIA



AMILOIDOSI TTR: 
MALATTIA 

MULTISISTEMICA 



hATTR, hereditary transthyretin amyloidosis; mNIS+7, modified Neuropathy Impairment Score; PND, polyneuropathy disability
1. Adams D et al. Neurology 2015;85:675–82; 2. Adams D. Ther Adv Neurol Disord 2013;6:129–39; 3. Mariani L-L et al. Ann Neurol 2015;78:901–16; 4. Koike 
H et al. J Neurol Neurosurg Psychiatry 2012;83:152–8; 5. González-Duarte A et al. Neurol Ther 2020;9:135–49.
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Estimated years since diagnosis*

Sensory symptoms (PND 1)

Difficulty walking (PND 2)

Walking with 1 stick (PND 3A)

Walking with 2 sticks (PND 3B)

Worsening of 
neurologic 

deficit

Natural history studies suggest1–4

• Predicted neurologic progression: 14.3 points (NIS) and 17.8 points (mNIS +7) per year for subjects with a 
NIS score of 32 (typically at 19 months since symptom onset)1

• Without treatment, survival ranges between 6 and 12 years from symptom onset (depending on the 
genotype)5

hATTR amyloidosis is rapidly progressive, leading to 
loss of mobility, autonomy and shortened life 
expectancy





SCINTIGRAFIA OSSEA E TTR



1. Russo M et al. Amyloid 2020; 27 (4): 259-265

I dati del registro Italiano confermano la presenza di cluster genetici e la natura 
multisistemica della amiloidosi hATTR, anche nei pazienti con manifestazioni
predominanti di tipo cardiaco neurologico1



AMILOIDOSI TTR : DIAGNOSI COMPLESSA

Ritardo diagnostico, intorno a i 4 anni

Eterogeneità genetico-clinica

Complessità clinica

Mis-diagnosi



DIAGNOSI COMPLESSA: MIS-DIAGNOSI

49 of 150 hATTR amyloid patients misdiagnosed

Cortese A et al. J Neurol Neurosurg Psychiatry. 2017;88:457–8.



DIAGNOSI COMPLESSA: MIS-DIAGNOSI



Meccanismi 
molecolari e 
terapie 
bersaglio

Aimo et al, 2022





34.3% 
Responders

36.2% 
Partial responders

29.5% 
Non-responders

66% progressed 
on tafamidis 

34.3% stabilized 
on tafamidis  

Response classification based on expert opinion

Response: No discernible progression of sensory, autonomic, and/or motor 
neuropathic symptoms (NIS change=0 points/year) 
Partial response: Continued (slower than expected) progression of sensory and/or 
motor neuropathy plus stability or improvement of autonomic neuropathy (NIS 
increase: 1.8 points/year)
Non-response: Continuous and rapid worsening of sensory, motor, and/or 
autonomic neuropathy (NIS increase: 5.9 per year)

NIS change from baseline

Treatment response to tafamidis in mild-to-moderate disease 
(median NIS 8) 

• NIS, Neuropathy Impairment Score; NR, nonresponders; PR, partial responders; R, responders

• Monteiro C et al. JCI Insight 2019;4:e126526.

• Approximately two-thirds of patients were non- or partial responders, with an annual increase in NIS of at least 1.8 points

*P < 0.05, **P < 0.01



Women were significantly more likely to be responders than men (68.1% of responders were women)1

Patients with mild to moderate impairment were 
significantly more likely to be responders 
(responders had a median NIS of 6)1

• Moderate disease was linked with partial response, and advanced 
disease with non-response

• Patients with an NIS of 10 or above were more likely to be partial or 
non-responders

Patients reporting worse quality of life (Norfolk QOL-DN) were more likely to become non-responders1

Baseline age at disease onset and disease 
duration were NOT predictors of response1 • This may reflect the young age and short disease duration of this cohort

Patients with an NIS of 10 or above, men and/or those reporting poor quality of life were more likely to be partial or nonresponders to 
tafamidis1

Predictors of outcome included disease severity, gender, and tetrameric TTR concentration.1
Plasma tafamidis concentration after 12 months of therapy was also a predictor of response 
for male patients1

Predictors of outcomes

• NIS, Neuropathy Impairment Score; Norfolk QOL-DN, Norfolk Quality of Life Questionnaire–Diabetic Neuropathy; TTR, transthyretin

• Monteiro C et al. JCI Insight 2019;4:e126526. 



*The primary analysis was conducted using the Finkelstein–Schoenfeld method
6MWT, 6-minute walk test; ATTR-CM, transthyretin amyloid cardiomyopathy; CV, cardiovascular; NYHA, New York Heart Association; TTR, transthyretin
1. Vyndaqel 61 mg soft capsules. SmPC. Available from: https://www.ema.europa.eu/en/documents/product-information/vyndaqel-epar-product-information_en.pdf [accessed 
September 29, 2020]; 2. Maurer MS et al. N Engl J Med 2018;379:1007–16.

Tafamidis in wild-type or hereditary transthyretin amyloid 
cardiomyopathy
Tafamidis (61 mg soft capsules) is indicated for the treatment of wild-type or hereditary transthyretin amyloidosis in adult 
patients with cardiomyopathy.1 This indication is based on the evidence from ATTR-ACT phase 3 study in 441 patients with 
cardiomyopathy associated with either wild-type (n=335; 76%) or hereditary (106; 24%) ATTR amyloidosis2

Patients

Tafamidis

Tafamidis



ATTRm, variant (mutated) transthyretin amyloidosis; ATTRwt, wild-type transthyretin amyloidosis; CI, confidence interval; CV, cardiovascular; HR, hazard ratio; NYHA, New York Heart 
Association; TTR, transthyretin. Maurer MS et al. N Engl J Med 2018;379:1007–16.

ATTR-ACT – Combined primary outcome
At 30 months, tafamidis was associated with a reduction in all-cause mortality and CV-related 
hospitalizations vs placebo. The survival benefit from tafamidis was not apparent until 18 months

Over 30 months, tafamidis was associated with lower all-cause mortality vs placebo (29.5% vs 42.9%; HR 0.70 [95% CI 0.51–0.96]), and a lower rate of cardiovascular-related hospitalizations vs 
placebo with a relative risk ratio of 0.68 (0.48/year vs 0.70/year; 95% CI 0.56–0.81)



ATTRm, variant (mutated) transthyretin amyloidosis; ATTRwt, wild-type transthyretin amyloidosis; CI, confidence interval; CV, cardiovascular; hATTR, hereditary transthyretin amyloidosis; 
NYHA, New York Heart Association
Maurer MS et al. N Engl J Med 2018;379:1007–16.

ATTR-ACT  
In the hATTR sub-population, all-cause mortality and CV-related hospitalizations were not 
statistically significantly different between tafamidis and placebo



Gene silencing (siRNA, ASO)

RNA-induced silencing complex



Inotersen
NEURO-TTR and open-label extension study



NEURO-TTR: Neurologic disease progression with inotersen slowed 
(relative to placebo) and QoL changes stabilized (relative to baseline)

• Treatment effect = least-squares mean (±SE) change from baseline at Week 66 (15 months); Composite scores on the mNIS+7 scale range from −22.3 to 346.3 (the higher the score, the poorer the function)

• mNIS+7, modified Neuropathy Impairment Score +7; Norfolk QOL-DN, Norfolk Quality of Life Questionnaire–Diabetic Neuropathy; QOL, quality of life; SE, standard error

• Benson MD et al. N Engl J Med 2018;379:22–31.

NEURO-TTR: mNIS+7 IONIS change from baseline at 66 weeks            
(primary endpoint)

NEURO-TTR: Norfolk QoL-DN change from baseline at 66 weeks
(primary endpoint)
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36.5% vs 19.2% 
of inotersen- and placebo-treated 

patients, respectively, experienced a  
halting or reversal of disease 

progression 
(change <0 point mNIS+7)

50.0% vs 26.9% 
of inotersen- and placebo-treated 

patients, respectively, showed 
QoL improvements or stabilization

(change <0 points 
Norfolk QOL-DN score)

mNIS+7 mean change from baseline
NEURO-TTR (66 weeks): 5.8 points [inotersen] vs 25.5 points [placebo]

Norfolk QoL-DN  mean change from baseline
NEURO-TTR (66 weeks): 1.0 points [inotersen] vs 12.7 points [placebo]

(n=112)

(n=60) (n=60)

(n=112)



BL, baseline; mNIS+7, modified Neuropathy Impairment Score +7; Norfolk QOL-DN, Norfolk Quality of Life Questionnaire–Diabetic Neuropathy; OLE, open-label extension; SE, 
standard error
Brannagan TH et al. Eur J Neurol 2020;27:1374–81.

NEURO-TTR OLE: Early intervention with inotersen provides 
greater long-term disease stabilization

Norfolk QoL-DN  improvement (<0-point change):
Inotersen: 46% of patients at 170 weeks from NEURO-TTR BL 
Placebo-inotersen: 42% of patients at 104 weeks from OLE BL

NEURO-TTR: mNIS+7 IONIS change from OLE BL at 104 weeks NEURO-TTR: Norfolk QoL-DN change from OLE BL at 104 weeks

mNIS+7 improvement (<0-point change):
Inotersen: 24% of patients at 170 weeks from NEURO-TTR BL 
Placebo-inotersen: 47% of patients at 104 weeks from OLE BL



AE, adverse event; OLE, open-label extension; SAE, serious adverse event
1. Benson MD et al. N Engl J Med 2018;379:22–31; 2. Brannagan TH et al. Blood 2018;132 (Supplement 1): 498.

NEURO-TTR: Safety findings

NEURO-TTR trial: Safety analysis1
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• Principal safety concerns for inotersen 
(SAEs) in the NEURO-TTR trial were:
• Thrombocytopenia (3 patients)              

with platelet count of <25,000 per 
cubic millimeter1

• Glomerulonephritis (3 patients)1

• Confirmed decrease in platelet count 
(<140,000 per cubic millimeter):1 

54% inotersen vs 13% placebo

• One death in the inotersen group was 
treatment-related event (grade 4 
thrombocytopenia); regular monitoring 
required1

• Other AEs (>10% and 2x placebo): 
nausea, pyrexia, chills, vomiting and 
anemia1

NEURO-TTR OLE (52 weeks)2

AE leading to discontinued treatment: 9% [inotersen-inotersen] and 4% [placebo-inotersen]
No evidence of increased risk for grade 4 thrombocytopenia or severe renal events with increased duration of exposure



Clinical trial and post-marketing surveillance: Management of 
thrombocytopenia in patients treated with inotersen

OLE, open-label extension; REMS; Risk Evaluation and Mitigation Strategy
1. Benson MD et al. N Engl J Med 2018;379:22–31; 2. Brannagan TH et al. Eur J Neurol 2020;27:1374–81; 3. Gertz M et al. Virtual presentation at European Academy of Neurology 
(EAN); May 2020; Abstract EPR2229.

• During NEURO-TTR platelet monitoring increased:

• From at least every 6 weeks, to every 2−3 weeks (February 2016), to weekly (May 2016)

• Before weekly monitoring in NEURO-TTR grade 4 thrombocytopenia (<25,000 per cubic 
millimeter) occurred in 3% of patients1

• After the introduction of weekly monitoring, there were no cases of grade 4 
thrombocytopenia in the NEURO-TTR or the OLE studies1–3

• Recent post-marketing surveillance data (collected between October 2018 and August 2019) from 
the US:

• REMS have confirmed that weekly platelet monitoring has largely mitigated the risk of 
severe thrombocytopenia with no cases of grade 4 thrombocytopenia or serious bleeding with 
severe thrombocytopenia reported3





Effetti sui livelli di transitiretina



Patisiran, 
Studio 
Apollo
mNIS+7



Patisiran, 
Studio 
Apollo
Norfolk-QOL-DN



Improved neuropathy control (relative to baseline) was sustained 
with patisiran beyond the parent studiesa

aParent studies includes Phase 2 OLE and Phase 3 APOLLO trials. For APOLLO patients initiating alternative hATTR amyloidosis treatment, mNIS+7 assessments after alterative treatment are 
treated as missing
hATTR, hereditary transthyretin amyloidosis; mNIS+7, modified Neuropathy Impairment Score +7; OLE, open-label extension; SEM, standard error of mean
1. Adams D et al. Poster presented at European Academy of Neurology (EAN) Virtual Congress; May 23–26, 2020.

Change in mNIS+7 following patisiran treatment on Global OLE 
(includes patients with more than 3 years of treatment)

APOLLO and Global OLEa Phase 2 OLE

APOLLO Phase 2 OLE Global OLE
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Delayed treatment was associated with an accumulating 
disease burden

mNIS+7, modified Neuropathy Impairment Score +7; OLE, open-label extension; SEM, standard error of mean
1. Adams D et al. Presented at European Academy of Neurology (EAN) Virtual Congress; May 23–26, 2020.

Change in mNIS+7 from baseline
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Earlier intervention with patisiran prolonged the ability of 
people to remain active and engaged, and safeguarded QoL 
Sustained improvement in QoL with patisiran treatment was observed in the OLE study

Norfolk QOL-DN, Norfolk Quality of Life Questionnaire–Diabetic Neuropathy; OLE, open-label extension; QOL, quality of life; SEM, standard error of mean
1. Adams D et al. Presented at European Academy of Neurology (EAN) Virtual Congress; May 23–26, 2020.

Norfolk QoL-DN: Change from baseline

APOLLO Global OLE
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Nuovi scenari



Potenziamento farmaco-cinetico
Coniugazione con NAGal



Potenziamento farmaco-cinetico
Coniugazione con NAGal



6 patients with
ATTRv- PN

Phase I, multicentre,
randomized,
open- label,
placebo- controlled;
single IV dose of
NTLA-2001: 0.1 mg/kg
(n = 3) or 0.3 mg/kg
(n = 3)

Interim results
from the first two
single- dose groups of the
trial: NTLA-2001- mediated
dose- dependent and
sustained reductions
in serum TTR protein
concentration

Editing genico



Obiettivo: diagnosi

• Aumentare la capacità di 
riconoscimento della patologia

• Ridurre il più possibile gli errori 
diagnostici

• Ridurre il più possibile il ritardo 
diagnostico



hATTR



Strategie
• Aumentare insight sulla patologia 

per riconoscere i nuovi casi inviati.
• Costituzione di teams 

multidisciplinari.
• Iniziative per cercare casi ‘passati’ di 

cui è rimasta traccia, suggestivi: 
screening attivo

• Favorire la capacità del territorio di 
individuare sospetti.

• Collegamento  con MMG e specialisti 
territoriali

• Formazione



«Conoscere per riconoscere»



Red flags

• Familiarità per neuropatia o cardiopatia
• Biopsia positiva
• Sindrome del tunnel carpale bilaterale e recidivante
• Polineuropatia sensitivo-motoria assonale
• Perdita di peso importante
• Disturbi gastrointestinali con svariate presentazioni

cliniche dalla diarrea alla stipsi
• Disautonomia (disfunzione erettile nei maschi, 

ipotensione ortostatica, sincopi)
• Cardiomiopatia con pBNP e troponina elevati
• Captazione cardiaca alla scintigrafia ossea



Screening: sospetto diagnostico, le red flags

Test 
genetico



Team multidisciplinare

Cardiologo

Gastroente
rologo

Neurologo

Management

Diagnosi



Teams multidisciplinari: algoritmi

Patologia 
internistica 
suggestiva

Valutazione 
neurofisiologica

Condivisione 
del caso

Se neuropatia
+ 

almeno una red flag

ESAME GENETICO



Screening 
genetico 
attivo

• Su tunnel carpali bilaterali che recidivano alla 
chirurgia;

• Su pazienti con captazioni cardiache alla scintigrafia 
ossea;

• Su pazienti con biopsia positiva al Rosso Congo;

• Su pazienti con polineuropatia assonale idiopatica 
evidenziata in ENG, anche in assenza di familiarità;

• Familiari di I grado dei pazienti affetti.



Approvato in data 13.7.20



Palermo: oggi (24.4.2022)

• 185 test genetici 
effettuati

• 33 positivi (18%)



Phe84Leu  
Thr69Ala 
Glu109Gln 
Nuove diagnosi 2020-2022 (12 famiglie)

Casistica Sicilia Occidentale dopo 
screening: identificazione di 19 
pazienti e 23 pre-sintomatici



Phe84Leu  
Thr69Ala 
Glu109Gln 

Casistica Siciliana da Mazzeo et al, 
2015



Phe84Leu (17 pazienti, 14 carriers) 
Thr69Ala (0 pazienti)
Glu109Gln (2 pazienti)
His110Asn (1 paziente, 9 carriers)
Val142Ile (2 pazienti, 3 carriers)
Ser97Phe (1 paziente)

Pazienti ATTRv seguiti a Palermo 
(23 pazienti, 28 pre-sintomatici):



Phe84Leu
Glu109Gln
Thr69Ala
His110Asn
Val142Ile
Ser97Phe

Casistica regionale?

Famiglie:

Definizione nuovi dati di 
prevalenza in Sicilia



“Ricerca e sviluppo di nuovi biomarcatori e metodiche di valutazione del danno 
multi-organo per la diagnosi genetica precoce e il follow-up della polineuropatia 
amiloidosica ereditaria da transtiretina (hATTR).”

Ulteriori sviluppi: 

Potenziamento screening tramite algoritmi di machine-learning:

Partecipazione progetto nazionale Screen care:
Screening attivo efficace da colleghi sul territorio: 3 nuovi casi  (Agrigento, Trapani)

PON “Ricerca e
Innovazione” 2014-2020, 
Asse IV “Istruzione e ricerca 
per il recupero” Azione IV.4 
“Dottorati e contratti di 
ricerca su tematiche 
dell'innovazione”









STC bil. trattata chirurgicamente;
Perdita di peso di 15 kg: attribuita ad 
anoressia da stato depressivo reattivo
alla morte del coniuge

Ipoestesia tattile e dolorifica lieve distale
Ipotono distale lieve arti sup ed inf
Deficit stenico lieve distale (MRC:4)

Ipotrofia muscolare diffusa, paziente cachettica
Areflessia
Andatura lievemente atassica.

EMG/ENG: neuropatia assonale 
sensitivo-motoria con segni di 
denervazione all’EMG

Genetica positiva: Phe64leu

Inizia terapia con patisiran






Follow-up a 9 mesi di 
terapia






Grazie per l’attenzione!

Centro Diagnosi e Cura delle
Malattie Rare 
Neuromuscolari
A.U.O. Policlinico “Paolo 
Giaccone” di Palermo



Grazie al team 
multidisciplinare!

Cardiologia

Prof. G. Novo
Dott.ssa Di Lisi
Dott. L. Rossetto

Gastroenterologia

Prof. M. Cappello
Prof. A. Craxi

Radiodiagnostica

Dott. E. Grassedonio
Dott.ssa P. Toia
Dott. L. La Grutta

Med. Interna

Prof. D. Noto
Prof. M. Averna

Med. Laboratorio

Prof. M. Ciaccio
Dott.ssa L. Agnello
Dott.ssa C. Gambino

Neurochirurgia

Prof. R. Maugeri
Dott. R. Giammalva
Prof. D. Iacopino

Anatomia
Patologica

Prof. A. Florena
Prof. V. Rodolico
Dott. S. Bellavia

Med. Nucleare

Dott. R. Costa
Dott.ssa R. Filice
Dott.ssa A. Murabito
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