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Abstract

Background: Amyloidosis is a systemic disease that involves multiple organs, characterized by the deposition of amyloid 
fibrils. Knowledge regarding the epidemiological, clinical, and genetic profile of the population affected by amyloidosis 
throughout the country is of fundamental importance for establishing diagnostic and therapeutic strategies.

Objective: To evaluate the epidemiological, clinical, laboratory, imaging, and treatment variables of patients with TTR 
cardiac amyloidosis. 

Methods: A multicenter, retrospective, prospective, and observational study based on collection of data on the natural 
history of patients with TTR amyloidosis, followed in the state of São Paulo. 

Results: To make it possible to map the regional distribution of the disease, increasing knowledge about the disease 
among clinicians and specialists in different areas. To evaluate patients with hereditary and wild-type TTR amyloidosis, 
in addition to following individuals with positive genotype and negative phenotype. 

Conclusion: The information collected may show greater awareness of the disease, development of new diagnostic and 
treatment flowcharts with a direct impact on knowledge of the natural history of the disease and patient prognosis.
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Introduction
Amyloidosis is characterized by the deposition of amyloid 

fibrils in the extracellular space of several organs, such as 
the heart, peripheral nerves, and gastrointestinal tract.1,2 
The 2 most common types of amyloidosis are those caused 
by monoclonal proteins (AL) and those caused by hepatic 
transthyretin (TTR) proteins. The TTR form can be further 
divided into 2 types: hereditary, when there is a known 

genetic mutation that causes the disease (ATTRh) and the 
wild type (ATTRwt, previously known as senile amyloidosis).3

TTR protein disorders cause it to dissociate into 
monomers, which aggregate to form amyloid fibrils and 
infiltrate the extracellular matrix. The consequences in 
the heart are increased ventricular wall thickness and 
myocardial stiffness, in addition to valvular and interatrial 
septum thickening . Patients present a phenotype of 
hypertrophic cardiomyopathy, evolving to restrictive 
cardiomyopathy associated with heart failure syndrome, 
with poor prognosis.4

Mutations related to TTR amyloidosis may be associated 
with specific phenotypes, with a tendency toward cardiac 
or neurological involvement, for example.5 However, several 
other factors may also influence phenotype and prognosis, 
including age, sex, environmental factors, and maternal 
genetics.6 Amyloid heart disease is commonly associated with 
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the Val122Ile mutation, whereas familial TTR amyloidotic 
polyneuropathy is more related to the Val30Met mutation

ATTR amyloidosis was considered a rare cause of heart failure, 
but it was perhaps only underdiagnosed. Technetium bone 
scintigraphy as a diagnostic technique, associated with advances 
in therapeutic possibilities, has led to changes in the disease 
prevalence.7,8 The nonspecific symptomatology of this disease 
and its heterogeneous phenotype make this a challenging task, 
but identifying patients at an early stage is essential for the use 
of disease-modifying medications and a better opportunity to 
impact patients’ clinical course. 

It could be extremely useful to know the epidemiological, 
clinical, and genetic profile of the population affected by 
amyloidosis in the state of São Paulo, as well as patients’ age and 
time to diagnosis, exams conducted, medical specialty consulted, 
evolution of the clinical condition, and the treatment used. This 
information is lacking in Brazil, and it may make it possible to 
adopt public policies in order to raise awareness of the disease, 
target investments, and create new diagnosis and treatment 
flowcharts with a direct impact on knowledge of the disease’s 
natural history and patients’ prognosis. 

Objectives

Primary
To describe the population affected by TTR-associated 

amyloidosis, evaluating the epidemiological and clinical 
variables, complementary laboratory and imaging methods, and 
treatment types of patients in the state of São Paulo. 

Methods

Study design and population
This is a multicenter, retrospective, prospective, and 

observational study. It will include patients of both sexes, with a 
minimum age of 18 years, who are followed for TTR-associated 
amyloidosis, including both the hereditary and wild-type 
disease, including polyneuropathy and cardiomyopathy, as 
well as participants with TTR mutations who have not been 
diagnosed with ATTR, in the state of Sao Paulo. 

Data will be collected from patients’ medical records at the 
service of origin, after the last follow-up visit, and data collection 
must be carried out using the online platform (REDCap). Data 
from all patient consultations will be recorded and entered into 
the data registry/electronic database. This study will include an 
estimated 600 patients. 

The following research centers will participate: Instituto 
do Coração-HC FMUSP, Instituto Dante Pazzanese de 
Cardiologia, Hospital das Clínicas da Faculdade de Medicina 
de Ribeirão Preto da Universidade de São Paulo, Centro 
Universitário de Saúde ABC, Associação Paulista para o 
Desenvolvimento da Medicina Hospital São Paulo, Instituto 
de Pesquisa e Inovação Tecnológica da Santa Casa de São 
Paulo, Hospital Universitário São Francisco na Providência 
de Deus, Clinicor Clínica Cardiológica, and Hospital Israelita 
Albert Einstein. Centers with volumes of patients with forms 

of ATTR may be selected. New centers may be included, if 
they include at least 10 patients with ATTR.

In order to participate in REACT, each research unit 
must obtain approval from the local Research Ethics 
Committee before beginning to enroll patients. The study 
will only be conducted in units where approval has been 
obtained from the Research Ethics Committee. It is the 
responsibility of investigators to obtain future approval of 
the study protocol. 

Patients will be enrolled in the study based on the results 
of genotyping, which will be conducted prior to the last 
visit, in accordance with the units’ standard practices. TTR 
genotyping is required to confirm patient eligibility. For 
patients with a documented TTR mutation, the mutation(s) 
will be entered into the their medical records.

All tests necessary to confirm diagnosis of ATTR will be 
conducted prior to the last visit. 

Inclusion criteria
• Patients and disease characteristics 
1. Male or female sex ≥ 18 years.
2. TTR mutation confirmed by genotyping, with or 

without diagnosis of ATTR or wild-type TTR amyloidosis. 
Confirmation of wild-type TTR amyloidosis will be determined 
by genotyping, confirming that the patient does not have a 
known mutation in the TTR gene (i.e., only a carrier of the 
wild-type allele), by means of genetic testing and one of the 
following criteria (A, B or C):

a. Evidence of cardiac involvement on echocardiography, as 
defined by mean left ventricular wall thickness > 12 mm and 
presence of amyloids in cardiac tissue on biopsy confirmed as 
TTR amyloid by mass spectrometry or immunohistochemistry; or

b. Evidence of cardiac involvement on echocardiography, 
as defined by mean left ventricular wall thickness > 12 
mm and presence of amyloids in non-cardiac tissue on 
biopsy confirmed as TTR amyloid by mass spectrometry or 
immunohistochemistry; or

c. Evidence of cardiac involvement on echocardiography, 
as defined by mean left ventricular wall thickness > 12 mm, 
without evidence of primary (light chain) amyloidosis and 
presence of amyloid in cardiac tissue, indirectly confirmed 
by scintigraphy with a bone tracer, for example, 99mTC-
DPD (99mTC-3,3-diphosphono-1,2-propane-dicarboxylic 
acid), 99mTC-PYP (pyrophosphate), or 99mTC-HMDP 
(hydroxymethylene diphosphonate), with Perugini grade ≥ 2.

Exclusion criteria
• Patients with primary or secondary amyloidosis.

Statistical analysis
Analysis of clinical outcomes will be performed for all 

enrolled patients whose data are available. Results will be 
examined for the entire patient group, as well as by stratifying 
important variables that may affect outcomes (including, but 
not limited to TTR variant, age, race, gender, country of origin, 
and transplant recipient status).
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Data for continuous variables will be presented as statistics of 
position and scale (mean and standard deviation and/or median 
and interquartile range). Categorical variables will be presented 
as absolute and relative frequencies. Comparisons between 
cohorts and subgroups will be made using the chi-square test 
for categorical variables. Student’s t test will be used for paired 
and unpaired comparisons, when appropriate. Nonparametric 
tests (Wilcoxon rank-sum test) will be used when data are not 
normally distributed. 

Limitations to the research methods
The observational nature of this study may potentially introduce 

selection or verification bias. The study population could be more 
heterogeneous. Confounding factors lead to biased estimates 
of associations of risk factors or treatments with the result and, 
therefore, affect the validity of study conclusions. Analytical 
methods (such as multivariate, corresponding regression) should 
be used to control for the occurrence of confounding factors. 
Other potential limitations to study validity include missing data. 

Chronogram of the Project

Step Planned date

Beginning of data collection (first 
subject first visit [FSFV]) 

15 October 2021

End of data collection (last subject 
last visit [LSLV]) 

15 December 2022

Study progress reports
Study progress reports should be 

sent in May 2022 

Final study report 23 December 2022
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