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ABSTRACT

Introduction: Transthyretin amyloidosis (ATTR
amyloidosis) is a clinically heterogeneous dis-
ease caused by mutations in the transthyretin
(TTR) gene or aggregation of wild-type trans-
thyretin (ATTRwt). In Spain, there are two large
endemic foci of ATTR amyloidosis caused by the
Val30Met variant, with additional cases across
the country; however, these data may be
incomplete, as there is no centralized patient
registry. The Transthyretin Amyloidosis Out-
comes Survey (THAOS) is an ongoing, global,
longitudinal, observational survey of patients
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with ATTR amyloidosis, including both inher-
ited and wild-type disease, and asymptomatic
patients with TTR mutations. This analysis
aimed to gain a deeper understanding of the
clinical profile of patients with ATTR amyloi-
dosis in Spain.

Methods: This was a descriptive analysis of the
demographic and clinical characteristics of
symptomatic patients enrolled at six sites geo-
graphically dispersed throughout Spain (data
cutoff: January 6, 2020). Patient data at enroll-
ment, including genotype, demographics, and
clinical presentation for symptomatic patients,
were recorded. Patients were grouped by pre-
dominant phenotype based on clinical mea-
sures at enrollment: predominantly cardiac,
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predominantly neurologic, or mixed (cardiac
and neurologic).

Results: There were 379 patients (58.0% male;
63.3% symptomatic) enrolled in the six THAOS
sites in Spain. Predominant genotypes were the
Val30Met mutation (69.1%) or ATTRwt
(15.6%). Predominant phenotype distribution
was neurologic (50.4%), mixed (35.8%), and
cardiac (13.8%) for all symptomatic patients
(n = 240); neurologic (67.8%), mixed (21.2%),
and cardiac (11.0%) for symptomatic Val30Met
(n = 146); and mixed (64.9%), cardiac (22.8%),
and neurologic (12.3%) for symptomatic
ATTRwt (n = 57). Symptomatic patients repor-
ted a range of ATTR amyloidosis signs and
symptoms at enrollment, with autonomic neu-
ropathy and sensory neuropathy common in all
phenotypes.

Conclusions: These results from THAOS high-
light the phenotypic heterogeneity associated
with ATTR amyloidosis in Spain and the
importance of comprehensive neurologic and
cardiac evaluations in all patients with ATTR
amyloidosis.

Trial registration:
NCT00628745.

ClinicalTrials.gov:

Keywords: Amyloidosis;
Polyneuropathy; Spain; Transthyretin

Cardiac;

Why carry out this study?

Transthyretin amyloidosis is a
heterogeneous disease caused by
mutations in the transthyretin (TTR) gene
(ATTRv amyloidosis) or the aggregation of
wild-type TTR (ATTRwt amyloidosis).

In Spain there are two large endemic foci
of ATTRv amyloidosis (Majorca and
Huelva), and additional cases occur across
the country; however, these data may be
incomplete, as there is no centralized
patient registry.

This study was carried out to gain a deeper
understanding of the clinical profile of
patients with ATTR amyloidosis in Spain.

What was learned from the study?

Over half of the patients with ATTR
amyloidosis enrolled in the Transthyretin
Amyloidosis Outcomes Survey (THAOS) in
Spain were from non-endemic sites,
suggesting wide dispersion of the disease
across the country.

Furthermore, results of this analysis
highlight the multisystemic nature and
phenotypic heterogeneity associated with
ATTR amyloidosis in Spain and the
importance of a comprehensive
multidisciplinary approach for all patients
with ATTR amyloidosis.

INTRODUCTION

Transthyretin amyloidosis (ATTR amyloidosis)
is a progressive, and life-threatening, heteroge-
neous disease caused by mutations in the
transthyretin (TTR) gene (ATTRv amyloidosis)
or the aggregation of wild-type TTR (ATTRwt
amyloidosis), resulting in the deposition of
amyloid fibrils in peripheral nerves and vital
organs, leading mainly to polyneuropathy and/
or cardiomyopathy [1].

Transthyretin amyloid polyneuropathy is a
common clinical presentation of ATTRv amy-
loidosis, and is most frequently associated with
the Val30Met (p.Val50Met) variant, the most
common TTR mutation worldwide [1]. It is
considered endemic in Portugal and Sweden,
with foci in Japan, Brazil, and certain regions of
Spain [2].

More than 140 ATTRv genotypes have been
identified (http://amyloidosismutations.com/
attr.html), and four main phenotype groups
largely associated with TTR mutation or time of
disease onset have been described: Val30Met
early onset (< 50 years); Val30Met late onset
(> 50 years); non-Val30Met mixed phenotype,
and non-Val30Met cardiac phenotype (e.g.,
Vall122lle [p.Vall42lle]) [3].

While TTR mutations may be associated with
a specific phenotype [3, 4], the clinical presen-
tation may also be influenced by other factors
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such as a patient’s country of origin. In Por-
tuguese patients with the Val30Met variant,
symptoms typically emerge in the third decade
(early-onset disease), while in patients with the
Val30Met variant from other European coun-
tries, symptoms emerge in the seventh decade
(late-onset disease), and often with a mixed
phenotype [5, 6]. Other factors such as age, sex,
fibril type, and maternal inheritance may also
influence phenotype and age of onset [7].

In Spain there are two large endemic foci of
ATTRv amyloidosis (Majorca and Huelva), and
additional cases occur across the country;
however, these data may be incomplete, as
there is no centralized patient registry. In
Majorca, the largest focus in Spain, the preva-
lence has been estimated to be 5/100,000
inhabitants [8, 9], considered the fifth largest
focus worldwide. In Majorca, the mean age at
onset has previously been reported as 46 years
[8]; epidemiological data of ATTRv amyloidosis
in other areas of Spain is scarce.

An improved understanding of the regional
characteristics of patients with ATTR amyloi-
dosis can help optimize clinical assessment and
disease management. The aim of this analysis
was to gain a deeper understanding of the
clinical profile of patients with ATTR amyloi-
dosis in Spain enrolled in the Transthyretin
Amyloidosis Outcomes Survey (THAOS). Estab-
lished in 2007, THAOS is the largest ongoing,
global, longitudinal, observational survey of
patients with ATTR amyloidosis, both inherited
and wild-type disease, and asymptomatic
patients with TTR mutations (ClinicalTrials.-
gov: NCT00628745) [10].

METHODS

The design of THAOS has been published pre-
viously [10]. Symptomatic patients enrolled in
six sites geographically dispersed throughout
Spain participated in this analysis (data cutoff:
January 6, 2020). These sites included Huelva,
Barcelona, San Sebastian, Madrid, and Palma de
Majorca. Clinical characteristics of patients, by
each phenotype, were assessed.

All study sites received ethical or institu-
tional review board approval prior to 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.

Patient demographics of sex, geographical
location, race/ethnicity, age at enrollment and
symptom onset, and time from symptom onset
to diagnosis were examined. Patients were
classified into one of three phenotypes based on
symptoms at enrollment in THAOS [4]. Patients
with the predominantly cardiac phenotype
were those (1) with abnormal electrocardiogram
(ECG) due to rhythm disturbance, heart failure,
or dyspnea, and (2) who did not have more than
mild neurologic or gastrointestinal (GI) symp-
toms (excluding erectile dysfunction, constipa-
tion, and carpal tunnel syndrome). Patients
with the predominantly neurologic phenotype
were those (1) with walking disability of any
severity, other neurologic symptoms of any
severity, or GI symptoms (early satiety, nausea,
vomiting, unintentional weight loss, diarrhea,
constipation, or fecal incontinence) of any
severity, and (2) who did not have abnormal
ECG due to rhythm disturbance, heart failure,
or dyspnea. Patients with the mixed phenotype
were all remaining symptomatic patients who
did not meet the criteria for either cardiac or
neurologic phenotype.

Several clinical characteristics were assessed
at enrollment. Neurologic impairment was
measured by a derived Neuropathy Impairment
Score in the Lower Limbs (NIS-LL; ranging from
0 [normal] to 88 [total impairment]) [11]. The
NIS-LL scale includes reflex, motor, and sensory
subscales measuring key physiological respon-
ses. The Karnofsky Performance Status Scale was
used to quantify the patient’s ability to perform
normal daily life activities and their need for
assistance (ranging from O [dead] to 100 [nor-
mal; no complaints]). Quality of life was asses-
sed using the (1) EQ-5D-3L, a self-administered
health status instrument by which respondents
rated their current health state on five dimen-
sions (mobility, self-care, usual activities, pain
or discomfort, and anxiety or depression), with
each dimension having three levels of function
(1 =no problems, 2 =some problems, and
3 = extreme problems) [12], and (2) Norfolk
Quality of Life Questionnaire-Diabetic

I\ Adis



Neurol Ther

Neuropathy (Norfolk QoL-DN), a patient-re-
ported questionnaire that returns a total quality
of life score ranging from —4 to 136, with higher
scores reflecting poorer quality of life [11, 13].
Measures of cardiac disease were left ventricular
(LV) septal thickness (mm) and LV ejection
fraction (%).

Statistical Analysis

Data are presented as mean (standard deviation
[SD]) and percentages unless stated otherwise.

RESULTS

Overall Population

There were 379 patients enrolled in the six
THAOS sites in Spain at the time of data cutoff.
Most patients had the Val30Met mutation
(69.1%) or ATTRwt amyloidosis (15.6%)
(Table 1). Almost half of the patients (43.5%)
were included from the two Val30Met endemic

foci in Spain (Majorca and Huelva). There was a
greater proportion of men in the whole cohort
(58.0% male), which was more pronounced
among patients with ATTRwt amyloidosis
(84.7% male). The median age at onset of ear-
liest ATTR amyloidosis was 51.4 years (10th
percentile 27.5, 90th percentile 74.4), with a
mean duration of disease of 9.7 years (SD 8.4)
(Table 2). Finally, 91.0% of the overall popula-
tion was Caucasian.

Of all 379 patients, 240 (63.3%) were symp-
tomatic. Of those, 150 (62.5%) were male and
146 (60.8%) carried the Val30Met mutation.
Half of the symptomatic patients (50.4%) had a
neurologic phenotype (Table 2). Patients with a
cardiac phenotype had a higher mean age at
symptom onset than those with a mixed or
neurologic phenotype (63.8 years [SD 17.1] vs.
53.2 years [SD 18.5] vs. 46.7 years [SD 15.8],
respectively), while patients with a mixed phe-
notype had the longest delay from symptom
onset to diagnosis (8.1 years [SD 8.1]) (Table 2).

Patients reported a range of ATTR amyloi-
dosis signs and symptoms at enrollment, with

Table 1 Genotype distribution: overall population and symptomatic patients

Overall population N = 379, z (%)

Symptomatic patients N = 240, » (%)

Val30Met (p.ValSOMe) 262 (69.1)
Wild-type 59 (15.6)
Val1221le (p.Val1421le) 14 (3.7)
delVal122 (p.delVal142) 14 (3.7)
Glu89Lys (p.Glul09Lys) 12 (3.2)
Ala45Thr (p.Ala65Thr) 3 (0.8)
Glu89Gln (p.Glul09Gln) 3 (08)
1le107Met (p.lle127Met) 3 (0.8)
Ser77Tyr (p.Ser97Tyr) 3 (0.8)
Val71Ala (p.Val91Ala) 2 (0.5)
Asp18Asn (p.Asp38Asn) 1(0.3)
Asp38Ala (p.Asp58Ala) 1(03)
Glu89Gly (p.Glul09Gly) 1(03)
Thr60Ala (p.Thr80Ala) 1(0.3)

146 (60.8)
S7
10

23.8)
42)

S © o o o o o w N~ ~

Data cutoff: January 6, 2020
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Table 2 Demographic and baseline characteristics: overall population and symptomatic patients

Overall population

Symptomatic patients (N = 240)

(V= 379) Cardiac Neurologic Mixed
phenotype®  phenotype® phenotype®
(N = 33) (N = 121) (N = 86)

Age at signed, informed consent,
years

n 379 33 121 86

Mean (SD) 56.1 (17.8) 714 (133) 553 (14.3) 65.6 (18.0)
Median (10th percentile, 90th 55.4 (34.2, 80.0) 72.8 (554, 54.9 (37.2, 74.8) 69.6 (40.2, 87.2)
percentile) 85.8)

Age at onset of earliest ATTR amyloidosis symptoms, years

n 277 33 121 86

Mean (SD) 51.0 (17.6) 638 (17.1) 467 (15.8) 532 (18.5)
Median (10th percentile, 90th 51.4 (27.5, 74.4) 68.5 (424, 47.7 (25.6, 69.0) 55.1 (27.1, 77.0)
percentile) 82.5)

Duration of disease at time of consent, years

7 260 33 121 86

Mean (SD) 9.7 (8.4) 7.5 (6.4) 8.6 (7.5) 12.4 (9.3)
Median (10th percentile, 90th 7.9 (0.9, 19.9) 5.2 (1.8,14.8) 7.2 (0.7, 17.2) 10.1 (2.1, 25.3)
percentile)

Time from symptom onset to diagnosis, yearsCl

7 187 28 97 62

Mean (SD) 5.0 (7.5) 40 (54) 3.3 (7.0) 8.1 (8.1)
Median (10th percentile, 90th 2.7 (0.0, 17.0) 2.5(0.0,93) 13 (-14, 13.9) 5.5 (0.3, 18.3)

percentile)

Data cutoff: January 6, 2020

Overall population includes asymptomatic and symptomatic patients. Patients were grouped into a predominant clinical

phenotype based on clinical presentation at enrollment

ATTR amyloidosis transthyretin amyloidosis, ECG electrocardiogram, GI gastrointestinal, SD standard deviation

* Patients with the cardiac phenotype are those (1) with abnormal ECG due to rhythm disturbance, heart failure, or
dyspnea, and (2) who do not have more than mild neurologic or GI symptoms (excluding erectile dysfunction, constipation,
and carpal tunnel syndrome)

® Patients with the neurologic phenotype are those (1) with walking disability of any severity, other neurologic symptoms of
any severity, or GI symptoms (carly satiety, nausea, vomiting, unintentional weight loss, diarrhea, constipation, or fecal
incontinence) of any severity, and (2) who do not have abnormal ECG due to rhythm disturbance, heart failure, or dyspnea
¢ Patients with the mixed phenotype are all remaining symptomatic patients who do not meet the criteria for either cardiac
or neurologic phenotype

4 Negative percentile reflects that date of diagnosis is carlier than date of symptom onset
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Cardiac phenotype

B N=33)

Fig. 1 Signs and symptoms at enrollment by predominant
phenotype. Data cutoff: January 6, 2020. Cardiac pheno-
type, # = 33; necurologic phenotype, # = 121; mixed
phenotype, 7 = 86. “Autonomic neuropathy’ includes
dizziness, dry eye, dyshidrosis, palpitations, recurrent
urinary tract infections, urinary incontinence, urinary
retention, vomiting, constipation, diarrhea, early satiety,
fecal incontinence, nausea, erectile dysfunction. “Cardiac
disorder” includes coronary artery disease, dyspnea, heart
failure, other cardiovascular disease, rhythm disturbance,
syncope, myocardial infarction. “Gastrointestinal” includes
constipation, diarrhea, early satiety, fecal incontinence,
nausea, unintentional weight loss, vomiting. “Motor
neuropathy” includes muscle weakness, walking disability.
“Other” includes adrenal insufficiency, cerebrovascular
accident/stroke, cognitive decline, depression, dialysis,

autonomic neuropathy and sensory neuropathy
common in all phenotypes (Fig.1). Clinical
characteristics at enrollment for symptomatic
patients were consistent with phenotype, with
Norfolk QoL-DN total quality of life score
appearing to be poorest in patients with a mixed
phenotype (Table 3).

Neurologic phenotype
(N=121)

Mixed phenotype
(N = 86)

fractures, glaucoma, hyperlipidemia, inflammatory arthritis,
inflammatory bowel disease, osteoarthritis, osteoporosis,
other endocrine/metabolic disease, other eye disease, other
gastrointestinal disease, other genitourinary/reproductive
disease, other musculoskeletal disease, other neurologic
diagnosis, other psychiatric diagnosis, other respiratory
disease, pneumonia, renal impairment, thyroid dysfunc-
tion, visual impairment and vitrectomy, transplant, kidney
stones, diabetes mellitus, asthma, chronic obstructive
pulmonary disease, hepatitis, peptic ulcer disease, chronic
demyelinating inflammatory polyneuropathy, carpal tunnel
syndrome, scizures, schizophrenia. “Sensory neuropathy”
includes balance abnormality, neuropathic arthropathy or
pain/paresthesia, numbness, temperature/pain insensitiv-
ity, tingling. Categories are not mutually exclusive

The overall phenotype distribution for
symptomatic patients (n = 240) was neurologic
(50.4%), mixed (35.8%), and cardiac (13.8%).
Most patients with the Val30Met variant had a
neurologic phenotype (67.8%), but there were
many with a mixed (21.2%) or cardiac (11.0%)
phenotype. Notably, most patients with
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Table 3 Clinical characteristics at enrollment, by predominant phenotype: symptomatic patients (N = 240)

Cardiac phenotype®
(N = 33)

Neurologic phenotype®
(N =121)

Mixed phenotype*
(N = 86)

Derived NIS-LL score
7
Mean (SD)
Median (10th percentile, 90th

percentile)
Reflex score
7
Mean (SD)
Median (10th percentile, 90th

percentile)
Motor score
n
Mean (SD)
Median (10th percentile, 90th

percentile)
Sensory score
n
Mean (SD)
Median (10th percentile, 90th

percentile)
KPS score, %
n
Mean (SD)
Median (10th percentile, 90th

percentile)
LV septum, mm
n
Mean (SD)
Median (10th percentile, 90th

percentile)
LV ¢jection fraction, %
n

Mean (SD)

16
8.0 (14.1)
2.5 (0.0, 39.0)

19
13 (27)
0.0 (0.0, 7.0)

20
1.9 (5.5)
0.0 (0.0, 9.0)

14
5.7 (10.4)
0.0 (0.0, 26.0)

27
81.5 (12.9)
80.0 (60.0, 100.0)

16
17.1 (3.0)
17.5 (12.0, 21.0)

15
55.3 (11.5)

53
10.6 (20.2)
0.0 (0.0, 53.0)

84
17 (3.1)
0.0 (0.0, 8.0)

65
5.8 (14.6)
0.0 (0.0, 26.0)

66
7.7 (17.9)
0.0 (0.0, 28.0)

67
869 (13.8)
90.0 (70.0, 100.0)

49
132 (4.1)
12.0 (8.0, 19.0)

48
60.9 (7.2)

51
7.0 (12.3)
0.0 (0.0, 20.0)

69
0.8 (2.3)
0.0 (0.0, 2.0)

63
0.9 (3.7)
0.0 (0.0, 2.0)

55
6.6 (14.7)
0.0 (0.0, 32.0)

62
779 (17.1)
80.0 (50.0, 100.0)

70
15.5 (4.7)
16.0 (10.0, 21.5)

68
55.9 (12.1)
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Table 3 continued

Cardiac phenotype®
(V= 33)

Neurologic phenotype®
(N =121)

Mixed phenotype®
(N = 86)

Median (10th percentile, 90th

percentile)
EQ-5D health state
n
Mean (SD)
Median (10th percentile, 90th

percentile)
EQ-5D index, derived value
n
Mean (SD)
Median (10th percentile, 90th

percentile)

60.0 (36.0, 65.0)

20
714 (18.1)
70.0 (45.0, 99.0)

20
0.8 (0.2)
0.8 (0.6, 1.0)

Norfolk QoL-DN: total quality of life score

n
Mean (SD)
Median (10th percentile, 90th

percentile)

19
266 (25.5)
31.0 (~1.0, 58.0)

60.0 (54.0, 70.0)

43
72.7 (15.6)
80.0 (50.0, 90.0)

43
0.8 (0.2)
0.8 (0.5, 1.0)

48
242 (26.8)
13.5 (0.0, 67.0)

57.0 (38.0, 69.0)

68
67.5 (19.1)
70.0 (40.0, 90.0)

68
0.8 (0.2)
0.8 (0.4, 1.0)

59
315 (33.1)
20.0 (0.0, 89.0)

Data cutoff: January 6, 2020

Patients were grouped into a predominant clinical phenotype based on clinical presentation at enrollment

ECG clectrocardiogram, EQ-SD EuroQol quality-of-life questionnaire, GI gastrointestinal, KPS Karnofsky Performance
Status, LV left ventricular, NIS-LL Neuropathy Impairment Score in the Lower Limbs, Norfolk QoL-DN Norfolk Quality
of Life-Diabetic Neuropathy questionnaire, SD standard deviation

* Patients with the cardiac phenotype are those (1) with abnormal ECG due to rhythm disturbance, heart failure, or
dyspnea, and (2) who do not have more than mild neurologic or GI symptoms (excluding erectile dysfunction, constipation,
and carpal tunnel syndrome)

® Patients with the neurologic phenotype are those (1) with walking disability of any severity, other neurologic symptoms of
any severity, or GI symptoms (early satiety, nausea, vomiting, unintentional weight loss, diarrhea, constipation, or fecal
incontinence) of any severity, and (2) who do not have abnormal ECG due to rhythm disturbance, heart failure, or dyspnea
¢ Patients with the mixed phenotype are all remaining symptomatic patients who do not meet the criteria for either cardiac
or neurologic phenotype

ATTRwt amyloidosis had a mixed phenotype
(64.9%), with just over one-third presenting
with a cardiac (22.8%) or neurologic (12.3%)
phenotype (Table 4).

DISCUSSION

In this first descriptive analysis of the ATTR
amyloidosis population in Spain we found, as
expected, that Val30Met is, by far, the most
frequent variant. Although Spain has two
endemic foci of patients with ATTR amyloidosis
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Table 4 ATTR amyloidosis phenotype distribution by genotype: symptomatic patients (N = 240)

Genotype Overall, N Cardiac® Neurologic” Mixed*
n % n % n %

Val30Met (p.ValSOMet) 146 16 11.0 99 67.8 31 212
Wild-type 57 13 228 7 123 37 64.9
Val1221le (p.Vall421le) 10 2 20.0 4 40.0 4 40.0
Glu89Lys (p.Glul09Lys) 9 0 0.0 4 44.4 5 55.6
delVal122 (p.delVal142) 7 1 143 3 429 3 429
Ala45Thr (p.Ala65Thr) 2 0 0.0 0 0.0 2 100.0
Ile107Met (p.Ile127Met) 2 0 0.0 2 100.0 0 0.0
Asp18Asn (p.Asp38Asn) 1 0 0.0 0 0.0 1 100.0
Asp38Ala (p.Asp58Ala) 1 0 0.0 0 0.0 1 100.0
Glu89GlIn (p.Glu109Gln) 1 1 100.0 0 0.0 0 0.0
Glu89Gly (p.Glu109Gly) 1 0 0.0 1 100.0 0 0.0
Ser77Tyr (p.Ser97 Tyr) 1 0 0.0 0 0.0 1 100.0
Thr60Ala (p.Thr80Ala) 1 0 0.0 1 100.0 0 0.0
Val71Ala (p.Val91Ala) 1 0 0.0 0 0.0 1 100.0

Data cutoff: January 6, 2020

ATTR amyloidosis transthyretin amyloidosis, ECG electrocardiogram, GI gastrointestinal

* Patients with the cardiac phenotype are those (1) with abnormal ECG due to rhythm disturbance, heart failure, or

dyspnea, and (2) who do not have more than mild neurologic or GI symptoms (excluding erectile dysfunction, constipation,

and carpal tunnel syndrome)

® Patients with the neurologic phenotype are those (1) with walking disability of any severity, other neurologic symptoms of

any severity, or GI symptoms (early satiety, nausea, vomiting, unintentional weight loss, diarrhea, constipation, or fecal

incontinence) of any severity, and (2) who do not have abnormal ECG due to rhythm disturbance, heart failure, or dyspnea

¢ Patients with the mixed phenotype are all remaining symptomatic patients who do not meet the criteria for either cardiac

or neurologic phenotype

with the Val30Met variant, we found that more
than half of the patients with ATTR amyloidosis
enrolled in THAOS in Spain were included from
non-endemic sites. This shows the wide disper-
sion of the disease across the country, and the
need for clinical suspicion in non-endemic
areas. Moreover, our results highlight the mul-
tisystemic nature and phenotypic heterogeneity
associated with ATTR amyloidosis in Spain and
the importance of a comprehensive multidisci-
plinary approach for all patients with ATTR
amyloidosis [14].

The neurologic phenotype was the predom-
inant clinical picture of patients with ATTR
amyloidosis in Spain, followed by the mixed
phenotype. The neurologic phenotype is also
predominant in other countries with endemic
foci of patients with the Val30Met variant,
including Portugal, Sweden, Japan, and Brazil
[4, 15, 16]. The cardiac phenotype is more
commonly seen in other European countries
such as Germany, Denmark, and Italy, where
there is a greater distribution of genotypes [4],
and in the United States, where a large propor-
tion of patients have ATTRwt amyloidosis or the
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Vall122Ile (p.Vall42lle) mutation [17]. More
recent studies suggest that a mixed phenotype is
relatively common [4, 18].

Over 30% of patients with the Val30Met
variant experienced cardiac symptoms, with or
without neurologic symptoms. Cardiac
involvement has previously been reported to be
present in similar proportions (30-36%) among
patients with Val30Met [4, 15, 16, 19] and, as
expected, is more frequent among those
patients with late-onset disease [4, 15]. This
reinforces the need for a multidisciplinary
approach in endemic areas, independent of the
most frequent phenotype of the area.

More remarkable is the fact that 11.0% of
patients with Val30Met had a cardiac pheno-
type, which has been shown in other analyses
[15, 20]. Isolated cardiac involvement in
patients with Val30Met is rare.

Phenotypic variations are observed between
populations of patients with the Val30Met
mutation. As previously published [8], the ATTR
amyloidosis Val30Met population in Spain pre-
sents with a “middle-age” disease onset. Clini-
cally, this finding is reflected in the high
proportion of patients showing autonomic
neuropathy (typical of early disease onset) and
sensorimotor neuropathy or mixed phenotype
(typical of late disease onset) [3]. In Portugal,
onset is early (around 30 years), with high
penetrance, and the disease is characterized by
length-dependent small-fiber sensory-motor
polyneuropathy and severe autonomic dys-
function [2, 21]. Conversely, the age of onset is
later (after 50 years) and penetrance much lower
in Sweden, and neuropathy tends to affect all
fibers, with mild autonomic symptoms [2, 22].
Onset can be early or late in Japan, with corre-
sponding differences in the clinical presenta-
tion [23]. Genetic factors aside from the TTR
mutation could play a role in the phenotypic
variation observed between populations. Prior
reports have identified several genetic factors
that may influence the age of onset such as C1Q
polymorphisms [24, 2§5], single-nucleotide
haplotype polymorphisms in the TTR gene
[26, 27], mitochondrial haplogroup polymor-
phisms [28], RBP4 and AR gene variation [29],
and mitochondrial DNA copy number ([30].
Environmental factors may also play a role.

Diagnostic delay was pronounced among
patients with the cardiac and mixed pheno-
types. On the other hand, diagnostic delay
among patients with the neurologic phenotype
was limited. This reflects the high suspicion
index and targeted follow-up of asymptomatic
carriers of TTR mutations around Val30Met foci
[31].

Diagnostic delay in transthyretin amyloid
cardiomyopathy is frequent [32, 33] and has
been reported to be more than 1 year after first
cardiac evaluation. However, if diagnostic delay
is defined as the time between symptom onset
and diagnosis, this time would be greater, as
seen in our analysis. Similar diagnostic delay
was observed in a previous THAOS analysis [19].

One remarkable finding is the diagnostic
delay among patients of mixed phenotype,
which could be explained by the high propor-
tion of patients with ATTRwt amyloidosis in
this subgroup (64.9%). Although neurologic
manifestations are increasingly being recog-
nized in ATTRwt amyloidosis [34], the high
proportion of mixed and neurologic pheno-
types among patients with ATTRwt amyloidosis
was surprising. We speculate that autonomic
symptoms, carpal tunnel syndrome, or lumbar
spinal stenosis in some patients could have
been attributed to neurologic involvement in
the patients registered as mixed phenotype;
however, in the literature, this phenotype is
characterized by sensorimotor neuropathy,
which has been considered rare in ATTRwt
amyloidosis [34]. Previously, symptomatic
neuropathy was reported in up to 12% of cases
but with limited description of associated neu-
ropathy [35]. Recently, a single referral center
review showed a prevalence of 30.5% for neu-
ropathic symptoms among 163 patients with
ATTRwt amyloidosis, with no evidence of
alternative factors that cause these neuropathic
symptoms [34], suggesting that neuropathic
symptoms may be more common in ATTRwt
amyloidosis than previously thought. However,
not all patients in the current analysis had a
neurologic evaluation, and most of our results
are based on analysis of a small number of
patients, so a multifactorial cause could not be
ruled out, especially given that risk factors for
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neuropathy are very common in the ATTRwt
amyloidosis population [16].

Our study has some limitations: (1) patients
in Spain included in THAOS are being followed
in referral centers; thus the cohort may be not
representative of all patients with ATTR amy-
loidosis in Spain, especially in terms of diag-
nostic delay; (2) patients with ATTRv
amyloidosis in Spain are probably underrepre-
sented in this analysis, as just six hospitals
participated in this THAOS analysis, though the
analysis did include the two endemic foci of
Val30Met in Spain (Huelva and Majorca); and
(3) ATTRwt amyloidosis is likely also underrep-
resented, as underdiagnosis is frequent [36], and
also because the THAOS registry was initially
focused on ATTRv amyloidosis. There are also
limitations inherent to a large global registry
with the different specialties of enrolling cen-
ters potentially focusing on different clinical
assessments and not all assessments available
for all patients.

The main strength of the study is that in
Spain there is no centralized patient registry, so
THAOS represents the first national epidemio-
logical approach to ATTR amyloidosis. More
efforts are needed to increase our understanding
of regional characteristics of patients with ATTR
amyloidosis in order to help optimize clinical
assessment and disease management.

CONCLUSIONS

ATTR amyloidosis in Spain is typically a disease
that occurs in middle age, associated mainly
with the Val30Met variant, and presents with
neurologic or mixed phenotype. Cardiac mani-
festations among patients in this cohort with
the Val30Met variant and neurologic com-
plaints among those with ATTRwt amyloidosis
were not uncommon, which highlights the
importance of a multidisciplinary evaluation of
patients with ATTR amyloidosis.
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