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BACKGROUND Transthyretin amyloid cardiomyopathy results from the accumulation of wild-type (ATTRwt) or variant

(ATTRv) transthyretin amyloid fibrils in the myocardium. THAOS (Transthyretin Amyloidosis Outcomes Survey) is a global,

longitudinal, observational survey of patients with ATTRv and ATTRwt amyloidosis and asymptomatic patients with

transthyretin mutations.

OBJECTIVES This study explored temporal trends in ATTRwt amyloidosis diagnoses using data from THAOS.

METHODS Using THAOS data from December 2007 to January 2020, the following comparisons were made according to

year: ATTRwt amyloidosis diagnoses in the United States versus rest of the world, ATTRwt versus ATTRv amyloidosis with

cardiac-associated mutations diagnoses, and ATTRwt amyloidosis diagnoses by tissue biopsy versus bone scintigraphy.

RESULTS There were 1,069 patients with ATTRwt amyloidosis and 525 with ATTRv amyloidosis with cardiac mutations

enrolled in THAOS. The median time from symptom onset to ATTRwt amyloidosis diagnosis did not change over the past

5 years (>60 months from 2015–2019). ATTRwt amyloidosis diagnoses increased from 2 in 2005 to >100 per year from

2016, with a more pronounced increase in the United States compared with the rest of the world. Diagnoses of ATTRwt

amyloidosis by tissue biopsy increased yearly and peaked in 2014 before declining, whereas diagnoses by bone scintig-

raphy increased markedly since 2011. ATTRv amyloidosis with cardiac mutation diagnoses increased from 3 in 2005 to 37

in 2011, then plateaued. The proportion of patients with ATTRwt amyloidosis diagnosed with New York Heart Association

functional class III/IV heart failure decreased from 2012 (46.4%) to 2019 (16.0%).

CONCLUSIONS In the past decade, ATTRwt amyloidosis diagnoses increased worldwide. Despite the growing

utilization of bone scintigraphy, patients are diagnosed several years after symptom onset. (Transthyretin Amyloidosis

Outcomes Survey [THAOS]; NCT00628745) (J Am Coll Cardiol CardioOnc 2021;3:537–546) © 2021 The Authors.
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TABLE 1 Demographics in Patients With ATTRwt

Amyloidosis (N ¼ 1,069)

Age at enrollment (y)

n 1,069

Mean � SD 77.0 � 7.2

Median (Q1, Q3) 77.2 (72.6, 81.9)

Min, Max 48.0, 96.8

Sex

Male 1,011 (94.6)

Female 58 (5.4)

Race/ethnicity

White 894 (94.3)

Blacka 31 (3.3)

Hispanic/Latinx 8 (0.8)

Asian 7 (0.7)

ABBR EV I A T I ON S

AND ACRONYMS

ATTR amyloidosis =

transthyretin amyloidosis

ATTR-CM = transthyretin

amyloid cardiomyopathy

ATTRv amyloidosis = variant

transthyretin amyloidosis

ATTRwt amyloidosis = wild-

type transthyretin amyloidosis

NYHA = New York Heart

Association

Q = quartile

TTR = transthyretin
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T ransthyretin amyloidosis (ATTR
amyloidosis) is a rare disease caused
by the deposition of transthyretin-

derived amyloid fibrils in the heart, periph-
eral nerves, and other organs (1). ATTR
amyloidosis may arise from mutations in
the transthyretin (TTR) gene (ATTRv
amyloidosis), or from nonmutated, wild-
type TTR (ATTRwt amyloidosis), which can
deposit as amyloid fibrils in the extracellular
matrix of the heart (2,3). This results in trans-
thyretin amyloid cardiomyopathy (ATTR-
CM), which is characterized by arrhythmias
and heart failure (4,5). ATTRv amyloidosis
Other 8 (0.8)

Country

Belgium 6 (0.6)

Brazil 7 (0.7)

Canada 13 (1.2)

Germany 122 (11.4)

Denmark 18 (1.7)

Spain 59 (5.5)

France 30 (2.8)

Italy 98 (9.2)

Japan 6 (0.6)

South Korea 4 (0.4)

Netherlands 5 (0.5)

Portugal 19 (1.8)

Sweden 4 (0.4)

Turkey 1 (0.1)

United States 677 (63.3)

Values are n (%) unless otherwise indicated. aBlack includes Afro Caribbean and
African American.

ATTRwt amyloidosis ¼ wild-type transthyretin amyloidosis; Q ¼ quartile.
can manifest as polyneuropathy, cardiomyopathy, or
a mixed phenotype, depending on the particular
TTR variant. ATTRwt amyloidosis predominantly
manifests as ATTR-CM.

Untreated patients with ATTR-CM generally have a
poor prognosis, with median survival between 2 and
4 years following diagnosis (6-9). Early diagnosis of
ATTR-CM is critical, given its progressive nature.
Effective treatments have recently become available,
and treatment early in the disease course is more
likely to be effective (10-12). Traditionally, a defini-
tive diagnosis of ATTR-CM was obtained through
endomyocardial biopsy, an invasive procedure that
requires expertise and carries potential risks (10,12).
Bone scintigraphy in the absence of a monoclonal
protein has more recently emerged as a diagnostic
tool with high sensitivity and specificity for ATTR-
CM, offering greater ease of access than a tissue bi-
opsy (13,14).

ATTR-CM is both underdiagnosed and frequently
misdiagnosed and, consequently, its prevalence re-
mains difficult to establish (12). Increased use of bone
scintigraphy may help identify a greater proportion of
patients with ATTR-CM. ATTRwt amyloidosis is the
most common form of ATTR-CM, with 13% of older
patients with heart failure with preserved ejection
fraction and increased wall thickness having evidence
of previously undiagnosed ATTRwt amyloidosis (15).
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TABLE 2 Clinical Characteristics in Patients With ATTRwt Amyloidosis by Region

Overall
(N ¼ 1,027)

United States
(n ¼ 646)

Rest of
the World
(n ¼ 381)

Age at onset (y)

n 1,027 646 381

Mean � SD 68.7 � 11.1 68.0 � 11.2 69.8 � 10.8

Median (Q1, Q3) 69.8 (62.4, 76.6) 69.1 (62.0, 76.0) 70.9 (63.1, 77.5)

Age at diagnosis (y)

n 947 604 343

Mean � SD 76.1 � 7.1 75.8 � 7.1 76.7 � 7.2

Median (Q1, Q3) 76.4 (71.5, 81.0) 76.1 (71.2, 80.4) 77.4 (72.2, 81.7)

Time to diagnosis from symptom
onseta (mo)

n 947 604 343

Mean � SD 90.4 � 104.2 93.6 � 112.0 84.8 � 88.6

Median (Q1, Q3) 56.5 (12.0, 131.6) 53.1 (11.8, 138.3) 61.0 (13.6, 121.0)

Diagnostic modality, n (%)

Tissue biopsyb 594 (57.8) 388 (60.1) 206 (54.1)

Cardiac tissue 215 (20.9) 142 (22.0) 73 (19.2)

Noncardiac tissue 45 (4.4) 35 (5.4) 10 (2.6)

Cardiac þ noncardiac tissue 28 (2.7) 25 (3.9) 3 (0.8)

Bone scintigraphy 429 (41.8) 257 (39.8) 172 (45.1)

Missing/Unknown 4 (0.4) 1 (0.2) 3 (0.8)

Including all patients in THAOS (the Transthyretin Amyloidosis Outcomes Survey) with ATTRwt amyloidosis and
any symptom at enrollment defined as ATTR amyloidosis–related by the investigator; 42 patients did not have
ATTR amyloidosis–related symptoms at enrollment. aAny symptom (cardiac or noncardiac) defined as ATTR
amyloidosis–related by the investigator. bTissue biopsy type not available for 306 patients.

ATTR amyloidosis ¼ transthyretin amyloidosis; other abbreviations as in Table 1.
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METHODS

STUDY DESIGN AND POPULATION. The study design
and eligibility criteria from THAOS have been re-
ported (20). In this analysis, data from THAOS (from
initiation in December 2007 to the data cutoff on
January 6, 2020) were used to evaluate, on a yearly
basis, the number of patients with: 1) a diagnosis of
ATTRwt amyloidosis in the United States versus the
rest of the world; 2) a diagnosis of ATTRwt amyloid-
osis versus a diagnosis of ATTRv amyloidosis with
cardiac mutations; and 3) a diagnosis of ATTRwt
amyloidosis by tissue biopsy versus bone scintig-
raphy. All patients with ATTRwt amyloidosis and
ATTRv amyloidosis with cardiac mutations enrolled
in THAOS as of the data cutoff date were included in
this analysis, with the number of patients diagnosed
(recorded retrospectively at enrollment, or at diag-
nosis) in each year also compared with the number
enrolled in THAOS each year. Patients with ATTRv
amyloidosis with cardiac mutations were those pa-
tients with symptomatic ATTRv amyloidosis and a
mutation predominantly associated with cardiac dis-
ease (either Val122Ile [p.Val142Ile] [21], Leu111Met
[p.Leu131Met] [22], Thr60Ala [p.Thr80Ala] [23], or
Ile68Leu [p.Ile88Leu] [24]), and were included as a
comparison group. All study sites received ethical or
institutional review board approval before patient
enrollment, and each patient provided written
informed consent. The study followed the Good
Pharmacoepidemiology Practice guidelines and the
principles of the Declaration of Helsinki.

Demographic information, clinical characteristics,
and diagnostic method were collected at enrollment
in THAOS and are presented here for the ATTRwt
amyloidosis population. Symptom onset was based
on any symptom (cardiac or noncardiac) defined as
ATTR amyloidosis–related by the investigator.

Patients with ATTRwt amyloidosis diagnosed by
tissue biopsy were defined as those who were diag-
nosed by recorded TTR amyloid in cardiac (or
noncardiac) biopsy tissue by mass spectrometry or
immunohistochemistry (in addition to echocardio-
gram with mean left ventricular wall thickness
>12 mm). Patients with ATTRwt amyloidosis diag-
nosed by bone scintigraphy were defined as those
with technetium-99m (99mTC) scintigraphy indicating
TTR amyloid in cardiac tissue with no evidence of
light-chain amyloidosis (in addition to echocardio-
gram with mean left ventricular wall thickness of
>12 mm).

STATISTICAL ANALYSIS. Continuous data are pre-
sented as mean � SD and median (25th, 75th
percentiles [quartile (Q)1, Q3]), whereas categorical
data are presented using count (percentages) unless
stated otherwise. SAS version 9.4 was used to sum-
marize the data. Qualitative rather than quantitative
comparisons were made throughout the study.

DATA STATEMENT. Pfizer provides secure access to
anonymized patient-level data to qualified re-
searchers in response to scientifically valid research
proposals. Further details can be found on the Pfizer
website (25).

RESULTS

DEMOGRAPHICS AND CLINICAL CHARACTERISTICS

OF PATIENTS WITH ATTRwt AMYLOIDOSIS. A total
of 1,069 patients with ATTRwt amyloidosis were
enrolled in THAOS as of January 6, 2020. Of these,
94.6% were men and 94.3% White patients
(Table 1). Median age (Q1, Q3) at enrollment was
77.2 (72.6, 81.9) years. Median (Q1, Q3) age at
symptom onset was 69.8 (62.4, 76.6) years, and
diagnosis was 76.4 (71.5, 81.0) years. These were
similar in patients in the United States and patients
in the rest of the world (Table 2).

Patients were enrolled from 15 countries, most
frequently from the United States (63.3%), followed



FIGURE 1 ATTRwt Amyloidosis Patient Enrollment and Participating Centers per Year

Participating centers in THAOS (the Transthyretin Amyloidosis Outcomes Survey) were centers with data available for patients with wild-type

transthyretin amyloidosis (ATTRwt amyloidosis) in any given year. The number of participating centers with patients with ATTRwt

amyloidosis grew from 3 in 2007 to 31 in 2019, and the number of new patient enrollments per year grew from 4 to 230. The average number

of patients with ATTRwt amyloidosis enrolled per year per participating center has increased from <2 in 2007 and 2008 to >7 in 2018

and 2019.
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by Germany (11.4%), Italy (9.2%), and Spain (5.5%)
(Table 1). The number of participating centers with
patients with ATTRwt amyloidosis grew from 3 in
2007 to 31 in 2019, whereas the number of new pa-
tient enrollments per year grew from 4 to 230
(Figure 1). The original 3 centers in 2007 (Germany,
Japan, and the United States) had a total of 6
enrolled patients with ATTRwt amyloidosis in 2007
and 80 in 2018. The average number of patients
with ATTRwt amyloidosis enrolled per year per
participating center has increased from fewer than 2
in 2007 and 2008 to more than 7 in 2018 and 2019
(Figure 1).

TIME TO ATTRwt AMYLOIDOSIS DIAGNOSIS. Median
(Q1, Q3) time from the onset of symptoms to ATTRwt
amyloidosis diagnosis was 56.5 (12.0, 131.6) months in
the total cohort, 53.1 (11.8, 138.3) months in the
United States, and 61.0 (13.6, 121.0) months in the rest
of the world (Table 2). Overall, the time to diagnosis
of ATTRwt amyloidosis has not changed substantially
in the past 5 years, with a median time from symptom
onset to diagnosis of 63.1 months in 2015, 67.5 months
in 2016, 61.6 months in 2017, 73.0 months in 2018, and
71.5 months in 2019.
DIAGNOSES OF ATTR-CM BY YEAR. The number of
ATTRwt amyloidosis diagnoses in THAOS increased
steadily from 2 in 2005 to more than 100 per year from
2016 to 2019 (Central Illustration). There was a relative
decline in new diagnoses of ATTRwt amyloidosis in
2018 and 2019, but there was no decline in the num-
ber of patients with ATTRwt amyloidosis enrolling in
those years (164 in 2017, 204 in 2018, and 230 in
2019) (Figure 1).

Diagnoses of ATTRv amyloidosis with cardiac mu-
tations increased from 3 in 2005 to 37 in 2011, after
which point the number of new patients plateaued,
with between 36 and 51 each year (Central
Illustration). A total of 525 patients were diagnosed
with ATTRv amyloidosis with cardiac mutations as of
the data cutoff date.

DIAGNOSES OF ATTRwt AMYLOIDOSIS IN THAOS IN

THE UNITED STATES COMPARED WITH THE REST OF

THE WORLD. ATTRwt amyloidosis diagnoses in the
United States increased steadily from 2005, with the
increase being almost 2-fold from 2016 (n ¼ 67) to
2017 (n ¼ 129), after which diagnoses appeared to
decrease (Figure 2). In contrast, ATTRwt amyloidosis
diagnoses in the rest of the world increased less



CENTRAL ILLUSTRATION Diagnoses of Wild-Type Transthyretin Amyloidosis Versus Variant Transthyretin
Amyloidosis With Cardiac Mutations
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Diagnoses in THAOS (the Transthyretin Amyloidosis Outcomes Survey) are shown by year. Wild-type transthyretin amyloidosis (ATTRwt amyloidosis) diagnoses

increased from 2 in 2005 to >100 per year starting in 2016. Diagnoses of variant transthyretin amyloidosis (ATTRv amyloidosis) with cardiac mutations increased from

3 in 2005 to 37 in 2011, after which they plateaued. *Year of diagnosis missing for 87 patients with ATTRwt amyloidosis and 116 patients with ATTRv amyloidosis with

cardiac mutations.
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steadily but continued to increase in 2018 (n ¼ 61)
and 2019 (n ¼ 62) (Figure 2).

DIAGNOSES OF ATTRwt AMYLOIDOSIS WITH TISSUE

BIOPSY COMPARED WITH BONE SCINTIGRAPHY.

The number of patients with ATTRwt amyloidosis
diagnosed by tissue biopsy increased yearly and
peaked in 2014 (n ¼ 86), before declining (Figure 3).
The number of patients with ATTRwt amyloidosis
diagnosed by bone scintigraphy increased steadily
from 2011 to 2017, with more patients diagnosed by
bone scintigraphy than tissue biopsy every year
from 2016. In 2018 and 2019, the number of patients
with ATTRwt amyloidosis diagnosed by bone scin-
tigraphy declined. However, this corresponded
with the decline in the total number of patients
diagnosed in 2018 and 2019 (Central Illustration).
The proportion of patients with ATTRwt amyloidosis
diagnosed by bone scintigraphy was 55.3% in
2016, 73.2% in 2017, 74.4% in 2018, and
70.4% in 2019.

DIAGNOSES OF ATTRwt AMYLOIDOSIS BY NEW

YORK HEART ASSOCIATION FUNCTIONAL CLASS.

From 2012 onward, there was a trend toward a greater
proportion of patients diagnosed in New York Heart
Association (NYHA) functional class I or II, compared
with the proportion diagnosed in NYHA functional
class III or IV (Table 3). In 2012, 24 (42.9%) patients
were diagnosed in NYHA functional class I or II and 26
(46.4%) in NYHA functional class III or IV, whereas 78
(62.4%) and 20 (16.0%) were diagnosed in the
respective classes in 2019.



FIGURE 2 Diagnoses of ATTRwt Amyloidosis by Region

Diagnoses in the United States versus the rest of the world in THAOS (the Transthyretin Amyloidosis Outcomes Survey) are shown by year.

Wild-type transthyretin amyloidosis (ATTRwt amyloidosis) diagnoses in the United States in THAOS increased steadily from 2005 to 2017,

after which diagnoses appeared to decrease. In the rest of the world, ATTRwt amyloidosis diagnoses increased less steadily, but continued

upward in 2018 and 2019. *Year of diagnosis missing for 45 patients in the United States and 42 in the rest of the world.
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DISCUSSION

Over the past 10 years, the number of patients with
ATTRwt amyloidosis enrolled in THAOS has increased
substantially, reaching more than 1,000 worldwide.
The number of ATTRwt amyloidosis diagnoses for
patients enrolled in the United States peaked in 2017
while continuing to rise in the rest of the world,
which may reflect recent improvements in medical
education and increased availability of bone scintig-
raphy outside the United States (3,10,19). After an
initial increase, the number of patients diagnosed
with ATTRv amyloidosis with cardiac mutations has
remained largely stable since 2011.

ATTR-CM remains underdiagnosed, despite evi-
dence that it is likely a more common cause of car-
diovascular disease in the aged than previously
thought (1,12). Studies have suggested that as many
as 15% of older patients with heart failure with pre-
served ejection fraction and increased wall thickness
have evidence of previously undiagnosed ATTR-CM
(15,26,27). Interest in bone scintigraphy to diagnose
ATTR-CM was renewed in the past 2 decades when
studies confirmed the usefulness of 99mTc-3,3-
diphosphono-1,2-propanodicarboxylic acid scintig-
raphy to differentiate ATTR-CM from light-chain
amyloidosis and to identify ATTR-CM across a wide
spectrum of morphologic and functional cardiac
involvement (28,29). In addition, a 4-stage grading
system was devised to score the degree of cardiac
uptake (28). Over the past 5 years, the use of bone
scintigraphy to diagnose ATTR-CM has increased
worldwide, whereas the use of tissue biopsy has
decreased. It has been suggested that an increase in
the use of a minimally invasive diagnostic tool like
bone scintigraphy in the absence of a monoclonal
protein (to exclude light-chain amyloidosis) will help
to identify a greater proportion of patients with
ATTR-CM (1,12). These data from THAOS appear to
support this claim, with large increases in the
numbers of patients diagnosed with ATTRwt
amyloidosis in recent years, with more diagnoses
having been made by bone scintigraphy.

Despite the increase in the number of patients with
ATTRwt amyloidosis in THAOS, including those
diagnosed in NYHA functional class I or II, and the
increase in use of bone scintigraphy, there remains an
unmet clinical need, with patients waiting for several



FIGURE 3 Diagnoses of ATTRwt Amyloidosis by Tissue Biopsy Versus Bone Scintigraphy

Diagnoses in THAOS (the Transthyretin Amyloidosis Outcomes Survey) are shown by year. The number of patients with wild-type transthyretin

amyloidosis (ATTRwt amyloidosis) diagnosed by tissue biopsy increased yearly and peaked in 2014 before declining. The number of patients

with ATTRwt amyloidosis diagnosed by bone scintigraphy increased steadily from 2011 to 2017, with more patients diagnosed by bone

scintigraphy than tissue biopsy every year from 2016. *Year of diagnosis missing for 66 patients diagnosed by biopsy and 18 patients

diagnosed by scintigraphy.

J A C C : C A R D I O O N C O L O G Y , V O L . 3 , N O . 4 , 2 0 2 1 Nativi-Nicolau et al
O C T O B E R 2 0 2 1 : 5 3 7 – 5 4 6 Temporal Trends of Wild-Type ATTR-CM in THAOS

543
years (on average) from the onset of symptoms until
diagnosis. The diagnostic delay observed here may
even underestimate the real-world experience of pa-
tients with ATTRwt amyloidosis. By nature of the
registry, THAOS patients are in a catchment area for
specialized centers with a focus and interest in this
disease, whereas many patients in the real world are
not and may experience greater barriers to diagnosis.
Overall, the observed discrepancy between increased
use of bone scintigraphy and continued prolonged
time to diagnosis highlights the need for improved
education on the early symptoms of ATTR amyloid-
osis. For example, musculoskeletal symptoms, such
as carpal tunnel syndrome and spinal stenosis, can
manifest 5 to 15 years before cardiac manifestations,
and screening for these symptoms in patients with
heart failure can potentially decrease the diagnostic
delay (12,30).

The plateau in the number of patients with ATTRv
amyloidosis with cardiac mutations is multifactorial
and might suggest that these patients remain under-
diagnosed compared with ATTRwt amyloidosis. For
example, patients with Val122Ile are predominantly
of African and Caribbean descent (31). These patients
suffer from other comorbidities, such as earlier
arterial hypertension and heart failure, which can
mask an evolving amyloidosis process (32). Also,
Black communities can suffer from health disparities
and limited access to care, which can further delay a
rare disease diagnosis (33). Alternatively, the steadily
increasing numbers of patients with ATTRwt
amyloidosis could indicate that the growth will be
ongoing and that ATTRwt amyloidosis remains
considerably underdiagnosed compared with ATTRv
amyloidosis. Patients with ATTRv amyloidosis inherit
a genetic variant to manifest symptoms, whereas any
older adult, predominantly of male sex, can develop
ATTRwt amyloidosis.

Although this analysis was limited to patients
enrolled in THAOS, there is evidence to suggest that
THAOS is capturing a large proportion of all diag-
nosed patients with ATTRwt amyloidosis, at least in
the United States, and that diagnostic patterns in
ATTRwt amyloidosis are well represented in
THAOS. In a recent retrospective study examining
Medicare claims from 2010 to 2018, 726 patients
with ATTRwt amyloidosis were identified in the
United States (34), compared with 677 patients in
the United States enrolled in THAOS as of this data
cutoff.



TABLE 3 NYHA Functional Class at Diagnosis According to Year of Diagnosis

Year

NYHA
Functional
Class I

NYHA
Functional
Class II

NYHA
Functional
Class III

NYHA
Functional
Class IV Missing Total

2005 0 1 (50.0) 1 (50.0) 0 0 2

2006 0 1 (25.0) 2 (50.0) 0 1 (25.0) 4

2007 1 (14.3) 3 (42.9) 2 (28.6) 1 (14.3) 0 7

2008 1 (8.3) 9 (75.0) 1 (8.3) 0 1 (8.3) 12

2009 1 (7.7) 4 (30.8) 6 (46.2) 1 (7.7) 1 (7.7) 13

2010 4 (11.4) 15 (42.9) 11 (31.4) 2 (5.7) 3 (8.6) 35

2011 3 (7.3) 20 (48.8) 11 (26.8) 1 (2.4) 6 (14.6) 41

2012 4 (7.1) 20 (35.7) 23 (41.1) 3 (5.4) 6 (10.7) 56

2013 6 (7.1) 36 (42.4) 25 (29.4) 4 (4.7) 14 (16.5) 85

2014 5 (5.2) 51 (53.1) 23 (24.0) 2 (2.1) 15 (15.6) 96

2015 1 (1.3) 51 (64.6) 14 (17.7) 3 (3.8) 10 (12.7) 79

2016 9 (8.7) 52 (50.5) 28 (27.2) 1 (1.0) 13 (12.6) 103

2017 23 (13.7) 88 (52.4) 34 (20.2) 2 (1.2) 21 (12.5) 168

2018 11 (7.1) 96 (61.5) 25 (16.0) 2 (1.3) 22 (14.1) 156

2019 19 (15.2) 59 (47.2) 19 (15.2) 1 (0.8) 27 (21.6) 125

Values are n (%). Percentages based on total patients diagnosed in that year.

NYHA ¼ New York Heart Association.

Nativi-Nicolau et al J A C C : C A R D I O O N C O L O G Y , V O L . 3 , N O . 4 , 2 0 2 1

Temporal Trends of Wild-Type ATTR-CM in THAOS O C T O B E R 2 0 2 1 : 5 3 7 – 5 4 6

544
STUDY LIMITATIONS. Although improvements in
diagnostic methodology can help identify more pa-
tients with ATTR-CM, the increase in ATTRwt
amyloidosis diagnoses in this analysis may also reflect
the changing characteristics of THAOS over time.
THAOS has grown from 3 participating centers with
patients with ATTRwt amyloidosis in 2007 to 31
participating centers in 2019, and the increase in di-
agnoses observed here could be attributable to the
growing reach of THAOS. However, when controlling
for the number of participating centers, the average
number of patients with ATTRwt amyloidosis enrolled
each year has been steadily increasing, suggesting that
the increase in diagnoses does not solely reflect the
growth of THAOS. It should be noted that for patients
enrolled in another clinical trial while participating in
THAOS, data collected during the period of that clinical
trial participation may not be entered into THAOS.
Additional restrictions as to data management post
trial participation also apply. This may, in part, explain
the decline in the number of new patients with
ATTRwt amyloidosis enrolled in THAOS in 2015 and
2016, when there was significant recruitment for
ongoing clinical trials in cardiomyopathy (11). The
apparent decline in diagnoses in 2018 and 2019 was
likely a consequence of most patients being diagnosed
before entry into THAOS, since the number of enroll-
ments in 2018 and 2019 increased. It may be that
additional patients diagnosed with ATTR-CM in 2018
and 2019 will enroll in THAOS in the coming years. The
fact that data are entered retrospectively into the
THAOS registry by study sites and investigators
suggests that perhaps not all data for the 2018-2019
period were added at the date of this analysis. There-
fore, it is likely the increase observed here reflects both
the growing reach of THAOS and advances in diag-
nostic approaches. Finally, as noted in the figures and
tables, data were missing for some patients.

CONCLUSIONS

THAOS is a valuable resource for tracking the incidence of
ATTR amyloidosis and monitoring temporal changes in
diagnoses and diagnostic methodology used over time.
This current analysis is one of the largest international
evidence reports on ATTRwt amyloidosis and contributes
to our understanding of this disease.
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PERSPECTIVES

COMPETENCY IN MEDICAL KNOWLEDGE: In the

past decade, ATTRwt amyloidosis diagnoses have

increased worldwide and more diagnoses have been made

by bone scintigraphy. However, patients still suffer from

several years of delayed diagnosis.

TRANSLATIONAL OUTLOOK: The time to diagnosis of

ATTRwt amyloidosis has not changed over the past 5

years despite the increased use of bone scintigraphy.

Future research should further examine barriers to diag-

nosis of ATTRwt amyloidosis.
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