
Rare Disease Global Medical

M O D U L E  1 2

Transthyretin amyloidosis as a 
mixed phenotype disease



Rare Disease Global Medical

Medical Use of Training Materials Disclaimer

• This information is provided by Pfizer Global Medical to help healthcare professionals 
better understand the latest developments in related disease areas.

• This information is intended for health care professionals only for learning purposes and 
should not be forwarded to non-medical professionals.

• This document does not replace professional medical guidance in any way and is also 
considered a diagnosis and treatment recommendation.

• When medical professionals prescribe any drug involved in the document, please strictly 
follow the instructions for use approved for the drug in China.
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Transthyretin (ATTR) amyloidosis: 
A progressive, infiltrative disease characterized by deposits of amyloid 
protein in the body’s organs and tissues

1. Siddiqi OK, et al. Trends Cardiovasc Med 2018;28:10–21; 2. Donnelly J, et al. Cleve Clin J Med 2017;84(suppl 3):12–26; 
3. Ando Y, et al. Orphanet J Rare Dis 2013;8:31; 4. Nativi-Nicolau J, et al. Curr Opin Cardiol 2018;33:571–9;
5. Hammarström P, et al. Proc Natl Acad Sci U S A 2002;99(suppl 4):S16427–32.

ATTR amyloidosis, transthyretin amyloidosis; TTR, transthyretin.

Amyloid fibril formation
Misfolded monomers aggregate 

into amyloid fibrils

Deposition of fibrils
Amyloid fibrils accumulate in 
different parts of the body, 

such as the heart and 
peripheral nervous system

Liver TTR
Secreted as a tetramer

TTR dissociation
Tetramer dissociates into 

monomers

In ATTR amyloidosis, the TTR tetramer dissociates into monomers that then misfold and 
aggregate into amyloid fibrils, which accumulate extracellularly in organs and tissues1–4

Rate-limiting step in 
amyloidosis5
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ATTR amyloidosis subtypes: 
Wild-type (wt) and variant (v)

1. Coelho T, et al. Curr Med Res Opin 2013;29:63–76; 2. Gertz MA, et al. Am J Manag Care 2017;23(7 suppl):S107–12; 
3. Siddiqi OK, et al. Trends Cardiovasc Med 2018;28:10–21; 4. Rapezzi C, et al. Heart Fail Rev 2015;20:117–24; 
5. Donnelly J, et al. Cleve Clin J Med 2017;84:12–26; 6. Sekijima Y, et al. Orphanet J Rare Dis 2018;13:6. 

*Previously called hereditary ATTR amyloidosis. ATTR amyloidosis, transthyretin amyloidosis; ATTR-CM, transthyretin amyloid cardiomyopathy; ATTR-PN, transthyretin amyloid 
polyneuropathy; ATTRv amyloidosis, variant transthyretin amyloidosis; ATTRwt amyloidosis, wild-type transthyretin amyloidosis; TTR, transthyretin.

Wild-type 
ATTR 

amyloidosis 
(ATTRwt

amyloidosis)1

Variant ATTR 
amyloidosis* 

(ATTRv
amyloidosis)2

Mutated

Normal

• Non-hereditary, progressive disease 
• Age-related changes in wild-type TTR protein
• Typically manifests as transthyretin amyloid 

cardiomyopathy (ATTR-CM) but can present as a 
multisystem disease involving both the heart and 
nervous system

• Inherited, rapidly progressive disease caused by 
mutations in the TTR gene

• Typically manifests as a multisystem disease with a 
combination of transthyretin amyloid polyneuropathy 
(ATTR-PN) and ATTR-CM 

• May involve gastrointestinal, renal, and ocular 
dysfunction, depending on specific underlying mutation

ATTR-PN is caused by 
diffuse TTR amyloid fibril 

deposition in the 
extracellular space of the 

peripheral nervous system,6
resulting in progressive 

sensorimotor and 
autonomic neuropathy

ATTR-CM is caused by 
deposition of TTR 

amyloid fibrils in the 
heart, causing thickening 

of the ventricles and 
progressive heart 

failure3–5
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ATTR amyloidosis: 
Genotype–phenotype variability

1. Rowczenio D, Wechalekar A. Mutations in hereditary amyloidosis. http://amyloidosismutations.com/mut-attr.php (Accessed August
2021); 2. Roberts JR, et al. Transthyretin-related amyloidosis. https://emedicine.medscape.com/article/335301 (Accessed August 
2021); 3. Rapezzi C, et al. Eur Heart J 2013;34:520–8; 4. Benson MD, et al. Ther Clin Risk Manag 2020;16:749–58; 5. Coelho T, et 
al. Curr Med Res Opin 2013;29:63–76.

• Over 140 different TTR mutations associated with ATTRv amyloidosis have been described1

• Specific mutations can be influenced by age at symptom onset, gender, geographic region, and ethnicity1,2

• TTR mutations have been historically grouped by their predominant phenotype3,4; however, greater 
understanding of ATTRwt amyloidosis and ATTRv amyloidosis suggests that there may be 
substantial overlap of organ involvement, with many patients presenting with a mixed phenotype4,5

Cardiac phenotype 
with restrictive heart 

disease3,4 

Neurologic phenotype 
with progressive peripheral 

sensorimotor polyneuropathy3,4

Mixed phenotype 
includes progressive 

neurodegenerative disease with 
heart failure3,4

T60A, L111M, 
I68L, V122L, 
S23N

V30M (early onset), 
L58H, F33L, S77Y, 
C10R

G47A, H88R, R34T, F64L, 
A36P, S50R, E89Q, I107V, 

T49A, V30M (late onset), W41L

ATTR amyloidosis, transthyretin amyloidosis; ATTRv amyloidosis, variant transthyretin amyloidosis; ATTRwt amyloidosis, wild-type transthyretin amyloidosis; TTR, transthyretin gene.
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Mixed phenotype disease is characterized by varying 
degrees of neurologic and cardiac involvement

1. Castaño A, et al. Heart Fail Rev 2015;20:163–78; 2. Rapezzi C, et al. Eur Heart J 2013;34:520–8; 3. Coelho T, et al. Curr Med Res Opin 2013;29:63–76; 
4. Adams D, et al. J Neurol 2021;268:2109–22; 5. Ando Y, et al. Orphanet J Rare Dis 2013;8:31; 6. Yungher FW, et al. J Peripher Nerv Syst 2020;25:265–
72; 7. Kapoor M, et al. J Neuromuscul Dis 2019;6:189–99; 8. Benson MD, et al. Ther Clin Risk Manag 2020;16:749–58; 9. Lindmark K, et al. EMJ Cardiol 
2019;7:66–71; 10. Schmidt HH, et al. Muscle Nerve 2018;57:829–37; 11. Gertz MA, et al. Am J Manag Care 2017;23:S107–12.

ATTR amyloidosis, transthyretin amyloidosis; ATTRv amyloidosis, variant transthyretin amyloidosis; ATTRwt amyloidosis, wild-type transthyretin amyloidosis; EO, early onset; LO, late onset; TTR, transthyretin gene.

• Most TTR mutations manifest as a mixed clinical phenotype, involving neurologic and cardiac symptoms1–5

• Similarly, although ATTRwt amyloidosis typically manifests as cardiac symptoms, neurologic symptoms may 
be seen3,6,7

• This range of clinical features alongside many confounding symptoms of comorbidities associated with 
ATTR amyloidosis, such as spinal stenosis and carpal tunnel syndrome, further complicates diagnosis2,4,8–11

Cardiac symptoms

Neurologic symptoms

Figure adapted from Adams D, et al. J Neurol 2021;268:2109–22.

The frequent mixed presentation of both ATTRwt amyloidosis and ATTRv amyloidosis highlights the 
importance of multisystem disease assessment



ATTR amyloidosis: 
a mixed phenotype 
disease
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Rapezzi et al.1 2013 Choi et al.2 2018 He et al.3 2019 Ungerer et al.4 2021 Pastorelli et al.5 2021 Gentile et al.6 2021

Cross-sectional 
multicenter study 
(Italy)

Retrospective analysis 
(South Korea)

Retrospective analysis 
(China)

Retrospective analysis 
(Germany)

Consecutive subject 
analysis at single 
center (Italy)

THAOS observational 
study (US data)

N=186 ATTRv N=18 ATTRv N=23 ATTRv-CM N=168 ATTRv-PN N=46 ATTRv N=111 ATTRv
Mutations†: Mutations: Mutations: Mutations‡: Mutation: Mutation:
Val30Met (n=46); 
Glu89Gln (n=40); Ile68Leu 
(n=27); Phe64Leu (n=13); 
Thr49Ala (n=12); Gly47Ala 
(n=7); Arg34Thr (n=6); 
Ala36Pro (n=6); Ser50Arg 
(n=4);  Val122Ile (n=3); 
Gly47Arg (n=3); Glu54Lys 
(n=3); Ser23Asn (n=2); 
Gly47Glu (n=2)

Asp38Aa (n=8); Lys35Asn 
(n=2); Asp38Val, 
Glu54Gly, Ala36Pro, 
Ala97Ser, Gly47Arg, 
Glu89Lys, Leu12Met, and 
Asp18Glu (n=1 each)

Gly47Arg (n=7); Val30Ala 
(n=3); His88Arg, Tyr69His, 
Glu61Lys, Ser77Tyr, 
Val30Met, Phe33Leu, 
Gly53Glu, Gly47Glu, 
Tyr114Cys, Glu54Lys, 
Asp38Val, Lys35Asn, and 
Glu54Gln (n=1 each)

Val50Met (n=72); 
Leu78His (n=15); 
Ile127Val (n=14); 
Cys30Arg (n=10)  

Ile68Leu (n=46) 
traditionally considered 
cardiac

Glu89Gln (n=111) 
traditionally considered 
cardiac

Phenotype Phenotype Phenotype Phenotype Phenotype Phenotype
58% mixed
25% neurologic
17% cardiac

83% mixed
11% neurologic
6% cardiac

96% mixed
4% cardiac

85% mixed
15% neurologic

69% mixed
31% cardiac

39% mixed
35% neurologic
26% cardiac

ATTRv amyloidosis patients frequently display a mixed 
phenotype disease* 

The proportion of patients with a mixed phenotype is higher than previously thought

1. Rapezzi C, et al. Eur Heart J 2013;34:520–8; 2. Choi K, et al. J Clin Neurol 2018;14:537–41; 3. He S, et al. Orphanet J Rare Dis 
2019;4:25; 4. Ungerer MN, et al. Amyloid 2020;28:91–9; 5. Pastorelli F, et al. Amyloid 2021; doi: 10.1080/13506129.2021.1917357 
(Epub ahead of print); 6. Gentile L, et al. Cardiol Ther 2021; doi: 10.1007/s40119-021-00226-6 (Epub ahead of print).

*Studies included are illustrative rather than exhaustive; †Mutations in Rapezzi study recorded in one patient each were Phe33Val, Hys88Arg, Val30Ala, Val14Leu, Gly53Ala, Gly57Arg, Tyr78Phe, Ile107Phe, 
Thr59Lys, Glu89Lys, Glu92Lys, and Phe64Ile; ‡Mutations in Ungerer study were only reported for ATTRv-PN patients (mixed and neurologic phenotypes). 
ATTRv amyloidosis, variant transthyretin amyloidosis; ATTRv-CM, variant transthyretin amyloid cardiomyopathy; ATTRv-PN, variant transthyretin amyloid polyneuropathy; THAOS, Transthyretin Amyloidosis Outcomes Survey. 
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Identifying mixed phenotype disease: 
Cardiac and neurologic features in ATTRv amyloidosis

1. Grogan M, et al. Abstract 023. Presented at 23rd HFSA Annual Scientific Meeting, Philadelphia, US, 13–16 September 2019; 
2. Swiecicki PL, et al. Amyloid 2015;22:123–31; 3. Maurer MS, et al. J Am Coll Cardiol 2016;68:161–72.

ATTRv amyloidosis, variant transthyretin amyloidosis; ATTRv-CM, variant transthyretin amyloid cardiomyopathy; PND, polyneuropathy disability; TTR, transthyretin gene. 

Assessment of 206 ATTRv-CM patients from the ENDEAVOUR 
study1

PND I or II at baseline 

Single institution study of 266 ATTRv amyloidosis patients in 
Mayo Clinic, USA2; symptoms present at diagnosis

Symptomatic heart failure at baseline

53%

92%

Heterogeneity among mutations highlights the need to better characterize the clinical progression of 
individual mutations1–3

Total 
(N=206)

47%

92%

63%

94%

67%

100%

Val122Ile 
(n=118)

Thr60Ala
(n=35)

Val30Met
(n=9)

Peripheral neuropathy

65%
65%Thr60Ala 

(N=68) 40%
82%

Autonomic neuropathy Weight loss Cardiomyopathy

95%
60%Val30Met 

(N=42) 26%
43%

30%
18%Val122IIe 

(N=28) 30%
100%

100%
53%Ser77Tyr 

(N=15) 67%
67%

76%
57%Other TTR 

(N=53) 43%
59%
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• Retrospective assessment of ATTRv-CM patients showed that even though most patients presented with 
neurologic symptoms, cardiac involvement was present in all patients at diagnosis

Clinical presentation of cardiac and neurologic symptoms in 
ATTRv amyloidosis

He S, et al. Orphanet J Rare Dis 2019;14:25.

ATTRv amyloidosis, variant transthyretin amyloidosis; ATTRv-CM, variant transthyretin amyloid cardiomyopathy; ECG, electrocardiography; ECHO, echocardiography.

Onset of ATTR amyloidosis is mainly linked to neurologic symptoms; cardiac involvement is 
present in many patients at diagnosis, although not at the clinical level

• 22% cardiac symptoms

• 91% autonomic nerve dysfunction
• 96% peripheral nerve dysfunction

91% concomitant

Clinical presentation of ATTRv-CM Cardiac involvement at diagnosis

• 100% evidence of cardiac 
amyloidosis (ECHO)

• 61% ECG abnormalities

Mixed phenotype in 96% of patients
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Val122Ile increases the risk of common ATTRv 
manifestations, including polyneuropathy1

Parker MM, et al. Sci Rep 2021;11(1):11645; doi: 10.1038/s41598-021-91113-6.

ATTRv amyloidosis, variant transthyretin amyloidosis; ICD, International Classification of Diseases; PHEWAS, phenome-wide 
association study.

• Study population: Carriers and non-carriers of the Val122Ile mutation from the UK Biobank (n=6062), 
Penn Medicine Biobank (n=5737), and Million Veteran Program (n=82,382) were followed for an 
average of 7.6 years

• Val122Ile has historically been associated with a 
cardiac phenotype, but carriers in this study were 
at significantly increased risk 
for polyneuropathy

• In the UK Biobank, 11.1% of carriers had at least 
one of the following manifestations, compared 
with 4.9% of non-carriers (P=1.5 x 10−6): 
polyneuropathy, cardiomyopathy, carpal 
tunnel syndrome, or heart failure

Physicians should have a high clinical 
suspicion for the multisystemic manifestations 

of ATTRv amyloidosis in V122I carriers

PHEWAS of V122I variant and 427 ICD-10 
diagnosis codes 



Importance of treating 
both polyneuropathic 
and cardiomyopathic 
manifestations
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ATTR-PN and ATTR-CM have a poor prognosis

1. Merlini G, et al. Neurol Ther 2020;9:105–15; 2. Li B, et al. Cardiol Ther 2020;9:535–40.

ATTR-CM, transthyretin amyloid cardiomyopathy; ATTR-PN, transthyretin amyloid polyneuropathy; ATTRv-CM, variant transthyretin amyloid cardiomyopathy; ATTRwt-CM, wild-type transthyretin amyloid cardiomyopathy.

Given the short median survival of untreated patients with ATTR-CM, neurologists must be 
sensitive to its early presentation and refer patients for cardiology consult

ATTR-PN survival rates in 
untreated patients1

ATTR-CM survival rates in 
untreated patients2

ATTRwt-CM
Median survival 

3.6 years
Median survival for non-Val30Met patients 

4–13 years
(Difference due to genetic and phenotypic heterogeneity)

ATTRv-CM
Median survival for Val122Ile patients

2.5 years 

Median survival for Val30Met patients 

7–17 years
(Difference due to age at onset and geographic origin)
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Survival is lower in patients with cardiac and mixed 
phenotype disease versus neurologic phenotype disease
• Study population: 1411 THAOS study subjects with ATTR amyloidosis (125 ATTRwt amyloidosis and 

1286 ATTRv amyloidosis) from continental Western Europe 

Damy T, et al. Eur Heart J 2019;00:1–10; doi:10.1093/eurheartj/ehz173. Online ahead of print.

ATTR amyloidosis, transthyretin amyloidosis; ATTRv amyloidosis, variant transthyretin amyloidosis; ATTRwt amyloidosis, wild-type transthyretin amyloidosis; ECG, electrocardiography; 
THAOS, Transthyretin Amyloidosis Outcomes Survey. 

• Morphologic and functional abnormalities on 
ECG: more severe among subjects with the 
cardiac phenotype vs mixed phenotype

• Survival rates were lower in subjects 
with a cardiac or mixed phenotype 
compared with subjects with a neurologic 
phenotype (ꭕ2 log rank: P<0.0001) 

Although cardiac symptoms may be less 
severe in patients with mixed vs cardiac 

disease, survival rates with mixed 
phenotype or cardiac disease are lower 

than with neurologic disease
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Ile68Leu carriers with a mixed phenotype had a worse 
prognosis than those with an exclusively cardiac phenotype
• Study population: 46 subjects with a TTR Ile86Leu mutation (29 patients, 17 unaffected carriers) seen 

at Bologna University, Italy, between January 1993 and December 2019

Pastorelli F, et al. Amyloid 2021; doi: 10.1080/13506129.2021.1917357 (Epub ahead of print).

TTR, transthyretin gene.

• In the 29 patients with cardiac involvement, 
69% of cases were also associated with 
neurologic abnormalities (i.e., a mixed 
phenotype)

• The probability of patients experiencing a major 
adverse cardiac event during the mean 
30.25-month follow-up was higher in the mixed 
phenotype than in the cardiac-only group 
(P=0.026), but no major neurologic events 
occurred
More patients with Ile68Leu may have a mixed 
phenotype than previously indicated; as their 
prognosis is worse, multidisciplinary analysis 

of all patients with Ile68Leu is crucial
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Mixed phenotype disease can be early onset and aggressive, 
with short survival 
• Study population: 18 patients (13 symptomatic) with Glu54Gln-mutated ATTRv amyloidosis 

identified in Romania between 2005 and 2018
• Early-onset, aggressive disease with neurologic and cardiac involvement:

• 92% of symptomatic patients had polyneuropathy 
at diagnosis

• 100% of symptomatic patients showed cardiac 
changes at diagnosis

Jercan A, et al. Orphanet J Rare Dis 2020;15:34.

ATTRv amyloidosis, variant transthyretin amyloidosis.

Early diagnosis and treatment of both cardiac and neurologic characteristics of mixed phenotype 
patients are important to improve prognosis 

Distal 
paresthesia

Carpal tunnel 
syndrome

Orthostatic 
hypotension

Heart 
failure

Weight 
loss

Diarrhea
Constipation

Multiple ATTRv 
amyloidosis 
symptoms 

at first 
presentation

Neurologic and cardiac 
assessment at diagnosis:

In all patients who died, death was caused by complications related to cardiac involvement



Rare Disease Global Medical

• Study population: 168 patients with ATTRv-PN (82% late-onset ATTRv-PN) treated at the Amyloidosis Centre 
of Heidelberg University Hospital, Germany, between November 1999 and July 2020 

• 85% had cardiac involvement at some point during the follow-up period (mixed phenotype)

• Of those examined, 66.7% had developed neurologic symptoms as the initial manifestation of the disease, 
while 33.3% reported having experienced cardiac symptoms first 

Characteristic Val30Met 
(n=72)

Leu58His 
(n=15)

Ile107Val 
(n=14)

Cys30Arg 
(n=10)

All variants 
(n=168)

Neurologic symptoms as initial 
manifestation, n (%)

58 (84.1) 15 (100.0) 11 (78.6) 3 (30.0) 110 (66.7)

Cardiac involvement, n (%) 53 (74.6) 11 (73.3) 12 (85.7) 10 (100.0) 142 (85.0)

Cardiac involvement is a strong predictor of overall survival 
in non-endemic ATTRv-PN

Ungerer MN, et al. Amyloid 2021;28:91–9.

ATTRv-PN, variant transthyretin amyloid polyneuropathy; NT-proBNP, N-terminal pro-B-type natriuretic peptide.

The most important risk factors for mortality were age, cardiac involvement and 
severity of cardiac involvement, as measured by NT-proBNP, at first contact
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Tafamidis: a treatment option for all forms of ATTR amyloidosis

• Current therapeutic alternatives distinguish between ATTRv amyloidosis and ATTRwt amyloidosis and, 
in the case of ATTRv amyloidosis, according to the presence of cardiomyopathy, polyneuropathy, or both

Garcia-Pavia P, et al. Eur J Heart Fail 2021;23:512–26.

*Polyneuropathy stage 1; †Polyneuropathy stage 1 and 2.
ATTR amyloidosis, transthyretin amyloidosis; ATTRv amyloidosis, variant transthyretin amyloidosis; ATTRwt amyloidosis, wild-type transthyretin amyloidosis.

ATTRwt 
amyloidosis

ATTRv 
amyloidosis

Cardiomyopathy

Cardiomyopathy ONLY

Polyneuropathy ONLY

Cardiomyopathy AND polyneuropathy

Tafamidis

Tafamidis

Tafamidis*

Tafamidis* Patisiran†

Patisiran†

Inotersen†

Tafamidis should be generally considered the agent of choice in ATTR amyloidosis patients with 
cardiac involvement with reasonable expected survival

Figure adapted from Garcia-Pavia P, et al. Eur J Heart Fail 2021;23:512–26.
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Transthyretin Amyloidosis Cardiomyopathy Clinical Trial 
(ATTR-ACT): early treatment optimizes benefits

Maurer MS, et al. N Engl J Med 2018;379:1007–16.

*Plus standard of care (e.g., diuretics). 
ATTR-ACT, Transthyretin Amyloidosis Cardiomyopathy Clinical Trial; ATTR-CM, transthyretin amyloid cardiomyopathy; ATTRv amyloidosis, variant transthyretin amyloidosis; ATTRwt amyloidosis, wild-type transthyretin amyloidosis; 
CV, cardiovascular; NYHA, New York Heart Association; qd, once daily; TTR, transthyretin gene.

30

Tafamidis significantly reduced the combination 
of all-cause mortality and cardiovascular (CV)-
related hospitalization vs placebo (P<0.001)

• 30% reduction in risk of all-cause mortality 
with tafamidis vs placebo

• 32% reduction in rate of CV-related 
hospitalization with tafamidis vs placebo

Primary 
analysis

Tafamidis*
(tafamidis meglumine)

80 mg/day

Tafamidis*
(tafamidis meglumine)

20 mg/day

R
an

do
m

iz
at

io
n

2:
1:

2

Placebo*
Oral qd

n=176

n=88

n=177

ATTR-ACT

ATTR-CM patients
(n=441)

ATTRwt amyloidosis 
(n=335)

ATTRv amyloidosis 
(n=106)

Stratified by presence or 
absence of variant TTR
genotype and by 
baseline severity of 
disease (NYHA class)

Months 0
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ATTR-ACT long-term extension: sustained benefits

Damy T, et al. Eur J Heart Fail 2021;23:277–85.

*Plus standard of care (e.g., diuretics); †LTE protocol amended on July 20, 2018, to transition all patients in the LTE to the new formulation of tafamidis free acid 61 mg; ‡Median follow-up of 51 months. 
ATTR-ACT, Transthyretin Amyloidosis Cardiomyopathy Clinical Trial; ATTR-CM, transthyretin amyloid cardiomyopathy; ATTRv amyloidosis, variant transthyretin amyloidosis; ATTRwt amyloidosis, wild-type transthyretin amyloidosis; 
LTE, long-term extension; NYHA, New York Heart Association; qd, once daily; TTR, transthyretin gene.

Tafamidis*
(tafamidis meglumine)

80 mg/day†

Tafamidis*
(tafamidis meglumine)

20 mg/day†

ATTR-CM patients
(n=441)

ATTRwt amyloidosis 
(n=335)

ATTRv amyloidosis 
(n=106)

R
an

do
m

iz
at

io
n

2:
1:

2

Stratified by presence or 
absence of variant TTR
genotype and by 
baseline severity of 
disease (NYHA class)

Placebo*
Oral qd

n=176

n=88

n=177

Continued 
tafamidis 

meglumine 80 mg

Re-randomized 
2:1 to tafamidis 

meglumine 
80:20 mg

Continued 
tafamidis 

meglumine 20 mg

All patients 
transitioned to 

open-label 
tafamidis free acid

61 mg/day‡

Protocol amendment†

ATTR-ACT LTE with 61 mg

Months 0 30

LTE

Tafamidis showed 
efficacy benefits both at 

starting doses of 20 mg or 
80 mg in patients who were 

later switched to 
tafamidis 61 mg

However, greater benefit 
was observed in patients 
who started on tafamidis 

80 mg vs those who 
started on 20 mg
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Baseline demographic characteristics in ATTR-ACT

Maurer MS, et al. N Engl J Med 2018;379:1007–16.

ATTR-ACT, Transthyretin Amyloidosis Cardiomyopathy Clinical Trial; ATTRv amyloidosis, variant transthyretin amyloidosis; ATTRwt amyloidosis, wild-type transthyretin amyloidosis; SD, standard deviation.

Characteristic Pooled tafamidis (n=264) Placebo (n=177)
Age, mean (SD) 74.5 (7.2) 74.1 (6.7)
Male, n (%) 241 (91.3) 157 (88.7)
ATTRv amyloidosis, n (%) 63 (23.9) 43 (24.3)
ATTRwt amyloidosis, n (%) 201 (76.1) 134 (75.7)
Race, n (%)

White 211 (79.9) 146 (82.5)
Black 37 (14.0) 26 (14.7)
Asian 13 (4.9) 5 (2.8)
Other 3 (1.1) 0

There were more patients with ATTRwt amyloidosis than ATTRv amyloidosis in both the pooled 
tafamidis and placebo groups
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Baseline clinical characteristics of patients in ATTR-ACT: 
~1/3 of patients had severe disease (NYHA Class III)

Maurer MS, et al. N Engl J Med 2018;379:1007–16.

LA, left atrial; LV, left ventricular; NT-proBNP, N-terminal pro-B-type natriuretic peptide; NYHA, New York Heart Association; Q, quartile; SD, standard deviation.

Characteristic Pooled tafamidis (n=264) Placebo (n=177)
Body mass index, mean (SD) 1058.8 (173.8) 1066.4 (194.4)
Left ventricular (LV) ejection fraction, mean (SD) 48.4 (10.3) 48.6 (9.5)
Interventricular wall thickness, mean (SD) 16.7 (3.8) 16.2 (3.5)
LV posterior wall thickness, mean (SD) 17.0 (3.9) 16.7 (4.1)
Left atrial (LA) anterior-posterior diameter size, mean (SD) 43.8 (7.0) 43.7 (6.1)
LV stroke volume, mean (SD) 45.8 (16.1) 45.1 (16.9)
Global longitudinal strain, mean (SD) −9.3 (3.5) −9.4 (3.6)
NYHA class, n (%)

Class I 24 (9.1) 13 (7.3)
Class II 162 (61.4) 101 (57.1)
Class III 78 (29.5) 63 (35.6)

NT-proBNP, median (Q1, Q3) 2995.9 (1751.5, 4861.5) 3161.0 (1864.4, 4825.0)
Troponin I, median (Q1, Q3) 0.14 (0.09, 0.20) 0.14 (0.08, 0.19)



Treating mixed 
phenotype disease: 
real-world evidence
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Real-world ATTR-CM patients closely resemble those 
enrolled in ATTR-ACT
• Study population: 507 consecutive ATTR-CM (ATTRwt amyloidosis and ATTRv 

amyloidosis) patients referred to five Italian referral centers between January 2010 and 
August 2018

• Real-world ATTR-CM patients were representative of those enrolled in ATTR-ACT
• Real-world ATTR-CM patients at diagnosis had milder disease in terms of NYHA functional 

class, hemodynamics, and biomarkers compared with trial subjects

• The possibility of diagnosing ATTR-CM in patients with few symptoms represents an 
opportunity to offer tafamidis to a larger number of subjects expected to benefit from it

Canepa M, et al. Eur J Heart Fail 2019;21:1479–81.

ATTR-ACT, Transthyretin Amyloidosis Cardiomyopathy Clinical Trial; ATTR-CM, transthyretin amyloid cardiomyopathy; ATTRv amyloidosis, variant transthyretin amyloidosis; ATTRwt amyloidosis, wild-type transthyretin 
amyloidosis; NYHA, New York Heart Association.

Real-world ATTR-CM patients resemble those enrolled in ATTR-ACT and may benefit from early 
treatment of the cardiac component of the disease
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Efficacy of tafamidis on major CV outcome-free survival in 
patients with ATTR-CM: a real-world cohort study
• Study population: 648 patients with ATTR amyloidosis (423 ATTRwt amyloidosis and 225 ATTRv 

amyloidosis) referred to a French referral center between June 2008 and November 2018
• Clinical phenotype of ATTRv

amyloidosis patients: 
• 92% cardiac or mixed phenotype

• 8% neurologic

Bézard M, et al. Eur J Heart Fail 2021;23:264–74.

*Patients with ATTRwt amyloidosis plus patients with ATTRv amyloidosis with pure cardiopathic or mixed phenotype (n=98 treated with tafamidis; n=533 not treated with tafamidis). 
ATTR amyloidosis, transthyretin amyloidosis; ATTR-CM, transthyretin amyloid cardiomyopathy; ATTRv amyloidosis, variant transthyretin amyloidosis; ATTRwt amyloidosis, wild-type transthyretin amyloidosis; 
CV, cardiovascular; MCO, major cardiovascular outcome. 

In patients with ATTR-CM,* median 
MCO-free survival time was longer in 

patients who received tafamidis 
compared with those who did not 

(1565 days [1010–2400] vs 
771 days [686–895], respectively; 

log rank: P<0.001)

ATTRv amyloidosis with 
neuropathy only treated 
with tafamidis (n=15)

ATTRv and ATTRwt 
amyloidosis treated with 
tafamidis (n=98)

ATTRv and ATTRwt 
amyloidosis not treated 
with tafamidis (n=533)
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Long-term treatment with tafamidis is safe and effective in 
non-endemic ATTRv-PN: a real-world cohort study

• First-line treatment with tafamidis 
(20 mg or 61 mg, depending on 
concurrent cardiac involvement) seems 
justified in patients with a PND score of I

• A PND score of II tends to qualify for 
first-line treatment with a TTR gene 
silencing drug or tafamidis 61 mg, given 
cardiac comorbidity

Ungerer MN, et al. Amyloid 2020;28:91–9.

ATTRv-PN, variant transthyretin amyloid polyneuropathy; IQR, interquartile range; PND, polyneuropathy disability; SD, standard deviation; TTR, transthyretin gene.

Treatment of ATTRv-PN patients with tafamidis is safe and effective, irrespective of the 
underlying TTR variant, particularly when given early

• Study population: 168 patients with ATTRv-PN (82% late onset) treated at the Amyloidosis Centre 
of Heidelberg University Hospital, Germany, between November 1999 and July 2020

Treatment with tafamidis

Yes (n=77) No (n=91)

Age at symptom onset (years), mean (SD) 58.82 ± 10.36 57.6 ± 12.1

Neurologic symptoms at symptom onset, n (%) 53 (68.8) 57 (64.8)

Cardiac involvement, n (%) 62 (80.5) 80 (87.9)

Mortality, n (%) 16 (21.3) 50 (56.8)

Clinical outcome
Follow-up period (years), mean (SD)
ATTRv-PN stage, median (IQR)

4.1 ± 2.5
1 (1–2)

4.2 ± 3.1
2 (1–2)



Summary
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Summary 
• ATTR amyloidosis is a progressive, infiltrative, and clinically heterogeneous disease 

with spontaneous (wild-type) and hereditary forms 
• The clinical picture is characterized by multisystem involvement, including the 

peripheral nerves, autonomic nervous system, and heart 
• Many patients have mixed phenotype disease, with cardiac and neurologic 

involvement from the outset
• Cardiac symptoms may initially be subclinical; their manifestation indicates 

worsening of disease rather than progression of neurologic disease
• Cardiac symptoms are associated with a poor prognosis and short survival

• Death is mainly caused by complications related to cardiac involvement.

• Tafamidis, a TTR tetramer stabilizer, is currently the only approved treatment that 
addresses both the neurologic and cardiac components of ATTR amyloidosis

• Early diagnosis and treatment of ATTR amyloidosis patients before the onset of 
multiorgan involvement will require a multidisciplinary approach to optimize patient 
management and improve outcomes 

ATTR amyloidosis, transthyretin amyloidosis; TTR, transthyretin.
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