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Abstract

Transthyretin amyloidosis (ATTR amyloidosis) is a progressive, multi-systemic disease with
wild-type (ATTRwt) and hereditary (ATTRv) forms. Over 130 variants associated with
ATTRv amyloidosis have been identified, although little is known about the majority of these
genotypes. This analysis examined phenotypic characteristics of symptomatic patients with
ATTRv amyloidosis enrolled in the Transthyretin Amyloidosis Outcomes Survey (THAOS)
with four less frequently reported pathogenic genotypes: F64L (c.250T>C, p.F84L), 168L
(c.262A>T, p.188L), 1107V (c.379A>G; p.1127V), and S77Y (c.290C>A; p.S97Y). THAOS is
the largest ongoing, global, longitudinal observational study of patients with ATTR amyloid-
osis, including both ATTRwt and ATTRv amyloidosis. This analysis describes the baseline
demographic and clinical characteristics of untreated symptomatic patients with the F64L,
I68L, 1107V, or S77Y genotypes at enroliment in THAOS (data cutoff date: January 4,
2022). There were 141 symptomatic patients with F64L (n = 46), 168L (n = 45), 1107V (n =
21), or S77Y (n = 29) variants at the data cutoff. Most patients were male and median age at
enrollment was in the sixth decade for S77Y patients and the seventh decade for the others.
A predominantly neurologic phenotype was associated with F64L, [107V, and S77Y geno-
types, whereas patients with the 168L genotype presented with more pronounced cardiac
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involvement. However, a mixed phenotype was also reported in a considerable proportion
of patients in each variant subgroup. This analysis from THAOS represents the largest
study of ATTRv symptomatic patients with the F64L, 168L, 1107V, and S77Y genotypes.
These data add to the limited knowledge on the clinical profile of patients with specific
ATTRuv variants and emphasize the importance of comprehensive assessment of all
patients.

Trial registration

ClinicalTrials.gov: NCT00628745.

Introduction

Transthyretin amyloidosis (ATTR amyloidosis) is a progressive, multi-systemic disease with
wild-type (ATTRwt) and hereditary (ATTRv) forms [1]. ATTRv amyloidosis is caused by vari-
ants in the transthyretin (TTR) gene that destabilize the TTR protein, leading to systemic
deposition of TTR amyloid fibrils and impairment mainly to the peripheral nerves, autonomic
nervous system, and heart [2, 3]. The phenotypic presentation of ATTRv amyloidosis is clini-
cally heterogeneous, with phenotypes ranging from predominantly neurologic to predomi-
nantly cardiac to mixed, depending on the particular TTR variant and other factors such as age
of onset, disease penetrance, and geographic location [4-7]. If untreated, patients’ survival esti-
mates range from 2 to 10 years [1, 4]. Over 130 different TTR variants associated with ATTRv
amyloidosis have been identified [8]. V30M (c.148G>A; p.V50M) is the most frequently
reported TTR variant, representing approximately 70% of patients worldwide [9], whereas
many other genotypes are not well characterized.

Although limited data are available, there have been prior descriptions of these variants. The
F64L (c.250T>C, p.F84L) variant is responsible for a late-onset, predominantly neurologic form
of ATTRv amyloidosis [10, 11] characterized by a high number of sporadic patients, high male/
female ratio, and carpal tunnel syndrome (CTS) frequently reported at onset [12]. The I68L
(c.262A>T, p.I88L) variant causes a late-onset, predominantly cardiac form of ATTRv amyloid-
osis, mimicking a hypertrophic cardiomyopathy that is almost indistinguishable from ATTRwt
amyloidosis [13, 14]. The 1107V (c.379A>G, p.I127V) variant has been most frequently
described in France and Japan, with clinical presentations of CTS, polyneuropathy, late-onset
cardiomyopathy, and possible cranial nerve involvement [15-17]. The S77Y (c.290C>A, p.
S97Y) variant is particularly frequent in northern France, with a predominantly neurologic phe-
notype and demyelinating pattern reported by nerve conduction studies (NCS) [18, 19].

The Transthyretin Amyloidosis Outcomes Survey (THAOS) is an ongoing, global, longitu-
dinal, observational survey of patients with ATTR amyloidosis, including both hereditary and
wild-type disease, and asymptomatic carriers with TTR variants [20]. THAOS collects data on
the natural history of the disease from a large and diverse patient population to better charac-
terize forms of ATTR amyloidosis and improve disease diagnosis and patient management.
This analysis of THAOS data was conducted to gain a deeper understanding of the characteris-
tics of patients with the F64L, 168L, 1107V, or S77Y variant.

Methods

The design and methodology of THAOS (ClinicalTrials.gov: NCT00628745) have been previ-
ously described in detail [20]. This analysis describes the baseline characteristics of untreated
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symptomatic patients with the F64L, I168L, I107V, or S77Y variant at enrollment in THAOS
starting from its onset in 2007 to the data cutoff date of January 4, 2022. Authors did not have
access to identifying information after data collection. Symptomatic patients were defined as
patients with at least one symptom rated by investigators as definitely related to ATTR amy-
loidosis at enrollment who were not treated with tafamidis before or on the date of enrollment.
Symptom duration was defined as the time from the onset of symptom(s) considered definitely
related to ATTR amyloidosis to enrollment. Neurologic impairment was assessed using the
Neuropathy Impairment Score in the Lower Limbs (NIS-LL; range 0-88), with higher scores
indicating greater impairment [21], and with the modified polyneuropathy disability (mPND)
score (range I-IV), where I indicates sensory disturbance in lower limbs but preserved walking
capacity; II indicates difficulties in walking but no need of a walking stick; IIla indicates one
stick or one crutch required for walking; IIIb indicates two sticks or two crutches required for
walking; and IV indicates patient confined to a wheelchair or bed. Quality of life was assessed
using the Karnofsky Performance Status score (range 0-100%), and EQ-5D-3L index score
(ranges from below 0 to 1) [22], with lower scores indicating greater impairment. Nutritional
status was evaluated using the body mass index (BMI) and the modified BMI (mBMI), calcu-
lated by multiplying the BMI by serum albumin level to compensate for fluid accumulation.
Patients were classified by phenotype at enrollment based on the following definitions:

 Predominantly cardiac phenotype:

© abnormal electrocardiogram (ECG) due to rhythm disturbance or heart failure or
dyspnea;

© no more than mild neurologic or gastrointestinal (GI) symptoms (excluding erectile
dysfunction, constipation, and carpal tunnel).

Cardiac symptoms did not need to be ongoing at a given visit to be included for phenotyp-
ing; however, symptoms had to be definitely related to ATTR amyloidosis as judged by the
investigator.

o Predominantly neurologic phenotype:
© neurologic symptoms of any severity or GI symptoms of any severity;
© no abnormal ECG due to rhythm disturbance or heart failure or dyspnea.

Neurologic and GI symptoms had to be ongoing and definitely related to ATTR amyloid-
osis. An mPND score >I was included as a neurologic symptom wherever applicable.

« Mixed phenotype:
© abnormal ECG due to rhythm disturbance or heart failure or dyspnea;

© neurologic symptoms of any severity or GI symptoms of any severity but did not satisfy
the criteria for predominantly cardiac or predominantly neurologic.

« Symptomatic patients with unknown phenotype:

O all other symptomatic patients who did not meet any of the above criteria for either
predominantly cardiac, predominantly neurologic, or mixed phenotypes.

All THAOS study sites received ethical or institutional review board approval prior to
patient enrollment, and each patient provided written informed consent. The study followed
the International Council for Harmonisation Good Pharmacoepidemiology Practice guide-
lines and the principles of the Declaration of Helsinki.
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Continuous data are presented as mean (standard deviation [SD]) or median (10th, 90th
percentile), and categorical data are presented as count (percentage). SAS software (SAS Insti-
tute; Cary, North Carolina; version 9.4) was used for data analysis.

Results
Fe64L

A total of 62 patients had the F64L variant in THAOS; 46 (74.2%) of these patients were symp-
tomatic at enrollment (Fig 1). Of 46 symptomatic patients (31 males, 67.4%), 29 (63.0%) were
enrolled in Italy, 15 (32.6%) in the United States, and the remaining 2 (4.4%) in Brazil and
Argentina (S1 Table). Among symptomatic patients, median age at enrollment was 67.6 years,
with a median duration of symptoms of 5.0 years (Table 1). Most symptomatic patients
(73.9%) had a predominantly neurologic phenotype (Fig 2), with a median NIS-LL derived
total score of 23.6 (Table 1). Of 40 symptomatic patients with a predominantly neurologic or
mixed phenotype at enrollment, 40% of patients had an mPND score >2 (Table 2). The pre-
dominantly neurologic phenotype was common in Italy (79.3%). None of the symptomatic
F64L patients had a predominantly cardiac phenotype. Median mBMI was 1083.5, and median
EQ-5D-3L index score was 0.60. More than half of the patients (53.0%) were able to care for
themselves (Karnofsky index 70-90). Of six symptomatic patients with a mixed phenotype at
enrollment, 50% had conduction abnormalities at baseline, including first degree atrioventric-
ular block (n = 2) and left anterior hemiblock (n = 1). The left ventricular (LV) diastolic diame-
ter was collected for only one patient and it was 36.2 mm (Table 3). Overall, numbness was the
most common neurologic symptom, followed by tingling and neuropathic pain/paresthesia;
syncope was the most common cardiac manifestation (Figs 3 and 4).

I68L

There were 77 patients (68.8% male) with the I68L variant in THAOS, 45 (58.4%) of whom
were symptomatic at enrollment (Fig 1). Of 45 symptomatic patients (35 males, 77.8%), 39
(86.7%) were enrolled in Italy, 4 (8.9%) in the United States, and 1 (2.2%) each in Germany
and France (52 Table). Median age at enrollment was 69.3 years, and median symptom dura-
tion was 3.0 years (Table 1). Predominantly cardiac was the most common phenotype, fol-
lowed by mixed and predominantly neurologic (Fig 2). More than 50% of the symptomatic
patients who were predominantly neurologic or mixed at enrollment had an mPND score of I
(Table 2). Median mBMI was 1106.4, and median EQ-5D-3L index score was 0.83. Most
patients (68.3%) were able to care for themselves (Karnofsky index 70-90) (Table 1). Of 31
symptomatic patients with a predominantly cardiac or mixed phenotype at enrollment, the fol-
lowing were observed: 9 (29%) had atrial fibrillation or atrial flutter at baseline, 18 (58.1%) had
conduction abnormalities, 3 (9.7%) had a pacemaker, median LV diastolic diameter was 46
mm, median LV septum diameter was 17 mm, median ejection fraction was 52%, median LV
mass index was 186.4 gm/m?, and median N-terminal pro-B-type natriuretic peptide (NT-
proBNP) was 2648 pg/mL (Table 3). Heart failure was the most common cardiac manifestation
(62.2% of patients), followed by rhythm disturbance (28.9%), whereas neuropathic pain/pares-
thesia was the most common neurologic symptom (Figs 3 and 4).

1107v

A total of 33 patients (66.7% males) with the [107V variant were in THAOS, 21 (63.6%) of
whom were symptomatic at enrollment (Fig 1). Of the 21 symptomatic patients (18 males,
85.7%), 8 (38.1%) were enrolled in France, 6 (28.6%) in Brazil, and the remaining 7 (33.3%) in
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(A) FB4L

All countries Italy USA
n=62 n=39 n=16
(B) 168L

All countries Italy
n=77 n=69
(C) o7V

50.0% 50.0%

All countries Brazil France
n=33 n=12 n=11
(D) S7T7Y

50.0% 50.0%

All countries France Israel
n=58 n=24 n=18

mm  Symptomatic mm  Asymptomatic

Fig 1. Symptom status of all patients with ATTRv amyloidosis and the (A) F64L, (B) I68L, (C) 1107V, and (D) S77Y
variants in THAOS. Symptom status is shown across all countries and in countries with the largest number of patients
with the given variant. ATTRv amyloidosis, hereditary transthyretin amyloidosis; THAOS, Transthyretin Amyloidosis
Outcomes Survey.

https://doi.org/10.1371/journal.pone.0292435.g001

Germany, Japan, and the United States (S3 Table). Median age at enrollment was 63.7 years,
with a median symptom duration of 3.6 years (Table 1). Predominantly neurologic was the
most common phenotype (42.9%), with a median NIS-LL of 38.9; almost 59% of symptomatic
patients with a predominantly neurologic or mixed phenotype at enrollment had an mPND
score >2 (Table 2). In France, a predominantly neurologic and mixed phenotype (both 37.5%)
were equally as common, whereas the most common phenotype in Brazil was mixed (66.7%)
(Fig 2). Overall, median mBMI was 879.1, and median EQ-5D-3L index score was 0.64. Almost
41% of patients were able to care for themselves (Karnofsky index 70-90), while a similar per-
centage (41.2%) had greater disability (Karnofsky index 40-60) (Table 1). Of eight symptom-
atic patients with a predominantly cardiac or mixed phenotype at enrollment, 50% had
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Table 1. Baseline demographic and clinical characteristics of symptomatic patients with ATTRv amyloidosis and the F64L, 168L, 1107V, or S77Y variant in
THAOS.

Characteristic F64L (n = 46) 168L (n = 45) 1107V (n=21) S77Y (n=29)
Male 31(67.4) 35(77.8) 18 (85.7) 21(72.4)
Age at enrollment (years) 67.6 (52.1,76.4) 69.3 (56.5, 80.4) 63.7 (56.7, 76.0) 57.8 (47.2, 69.6)
BMI 23.8(19.1,32.3) 25.6 (22.0, 32.4) 25.9 (19.5, 32.6) 25.3(19.9, 33.1)
mBMI 1083.5 (805.2, 1389.1) 1106.4 (690.9, 1539.8) 879.1 (824.9, 1446.2) 978.0 (564.0, 1228.6)
Symptom duration (years) 5.0(0.8,13.4) 3.0(0.7,11.9) 3.6(1.2,10.6) 4.7 (1.2,12.7)
EQ-5D-3L index score 0.6 (0.31, 0.82) 0.8 (0.6, 1.0) 0.6 (0.1, 0.9) 0.7 (0.7, 0.8)
Derived NIS-LL total score® 23.6 (2.0, 61.0) 2.0 (0.0, 20.0) 38.9 (2.0, 65.9) 8.0 (0.0, 72.5)
Karnofsky Performance Status score”
10-30 0 0 0 1(4.8)
40-60 10 (29.5) 4(9.7) 7 (41.2) 4(19.1)
70-90 18 (53.0) 28 (68.3) 7 (41.2) 12 (57.1)
100 6(17.6) 9 (22.0) 3(17.6) 4(19.0)

Values are n (%) or median (10", 90™ percentile). In the respective groups (F64L, 168L, 1107V, and S77Y), BMI was available in 46, 45, 18, and 27 patients; mBMI in 22,
9, 10 and 10 patients; EQ-5D-3L in 20, 39, 12, and 2 patients; and Derived NIS-LL total score in 12, 4, 10, and 7 patients.

*NIS-LL score was derived by an algorithm using symptoms.

PPercentages based on number of patients with available scores.

ATTRv amyloidosis, hereditary transthyretin amyloidosis; BMI, body mass index; mBMI, modified body mass index; NIS-LL, Neuropathy Impairment Score in the
Lower Limbs; THAOS, Transthyretin Amyloidosis Outcomes Survey.

https://doi.org/10.1371/journal.pone.0292435.t001

conduction abnormalities, median LV diastolic diameter was 42 mm, median LV septum
diameter was 18 mm, median ejection fraction was 53%, and median LV mass index was 171.5
gm/ m?” (Table 3). Overall, heart failure was the most common cardiac manifestation, reported
by 28.6% of patients, and over half reported neuropathic pain/paresthesia (57.1%) and/or
numbness (52.4%) (Figs 3 and 4).

S77Y

There were 58 patients (67.2% male) with the S77Y variant in THAOS, 29 (50.0%) of whom
were symptomatic at enrollment. Of the 29 symptomatic patients (21 males, 72.4%), most
were enrolled in France (n = 16 [55.2%]), Israel (n = 5 [17.2%]), or the United States (n = 5
[17.2%]) (S4 Table). Median age at enrollment was 57.8 years, with a median symptom dura-
tion of 4.7 years (Table 1). The most common phenotype was predominantly neurologic
(55.2%) (Fig 2), with a median NIS-LL derived total score of 8; 44% of symptomatic patients
with a predominantly neurologic or mixed phenotype at enrollment had an mPND score of I
(Table 2). Median mBMI was 978.0, and median EQ-5D-3L index score was 0.74. About 57%
were able to care for themselves (Karnofsky index 70-90) (Table 1). Out of 10 symptomatic
patients with a predominantly cardiac or mixed phenotype at enrollment, 40% had a pace-
maker. The median LV diastolic diameter was 52 mm and median LV mass index was 150 gm/
m? (Table 3). The most common cardiac manifestation overall was heart failure, and the most
common neurologic symptom was neuropathic pain/paresthesia (69.0% of patients) (Figs 3
and 4).

Discussion

Over 130 variants in the TTR gene have been identified to cause pathogenic ATTRv amyloid-
osis, with very few (V30M, V122I [c.424G>A; p.V142I]) being sufficiently described in the
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(A) Fe4L

All countries Italy USA
n=46 n=29 n=15

(B) 168L

All countries Italy
n=45 n=39

(C) o7V

66.7%

37.5%

All countries France Brazil
n=21 n=8 n=6

(D) S77Y

All countries France Israel
n=29 n=16 n=5
mm Predominantly cardiac ~ mm Predominantly neurologic Mixed wm Unknown

Fig 2. Phenotype distribution in symptomatic patients with ATTRv amyloidosis and the (A) F64L, (B) I68L, (C)
1107V, and (D) S77Y variants in THAOS. Phenotype distribution is shown across all countries and in countries with
the largest number of patients with the given variant. ATTRv amyloidosis, hereditary transthyretin amyloidosis;
THAOS, Transthyretin Amyloidosis Outcomes Survey.

https://doi.org/10.1371/journal.pone.0292435.g002

literature. With the wealth of data available in THAOS [23], there is an opportunity to gain
knowledge and describe these less prominent variants. Even in THAOS, among all symptom-
atic patients enrolled, 75% are affected by ATTRwt amyloidosis or by ATTRv amyloidosis
caused by V30M or V122I variants [23]. The remaining 25% patients have less frequently rec-
ognized variants, usually described in the literature by relatively short case series or case
reports. The current analysis provides the largest evaluation of the clinical characteristics of
ATTRv symptomatic patients with the F64L, I68L, 1107V, or S77Y genotypes to date.

Age at enrollment was comparable between F64L, 168L, and I107V patients, while S77Y
subjects were younger at enrollment, and with the longest symptom duration, particularly
patients from France with the S77Y variant. Geographical distribution in THAOS is consistent
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Table 2. mPND score distribution of symptomatic patients with a predominantly neurologic or mixed phenotype at enrollment with ATTRv amyloidosis and the
F64L, 168L, 1107V, or S77Y variant in THAOS.

Characteristic F64L (n = 40) 168L (n = 23) 1107V (n=17) S77Y (n =25)
mPND score, n (%)

0 3(7.5) 4(17.4) 1(5.9) 2(8)

I 11 (27.5) 12 (52.2) 5(29.4) 11 (44)

I 6 (15) 3(13) 3(17.6) 2(8)

Illa 4(10) 2(8.7) 0 1(4)

IIIb 3(7.5) 1(4.3) 5(29.4) 2(8)

v 3(7.5) 0 2(11.8) 3(12)

Missing 10 (25) 1(4.3) 1(5.9) 4(16)

ATTRv amyloidosis, hereditary transthyretin amyloidosis; mPND, modified polyneuropathy disability; THAOS, Transthyretin Amyloidosis Outcomes Survey.

https://doi.org/10.1371/journal.pone.0292435.t1002

with previous reports, with F64L and 168L variants frequently identified in Italy, S77Y in
France and Israel, and 107V in Brazil [9-15, 17-19, 24]. Male predominance was confirmed
across all genotypes, most notably in patients with the I107V variant [9-12, 14, 19, 23, 24].
Mitochondrial DNA defects and neurohormonal factors have been taken into consideration as
possible causes of these gender-related differences [25, 26], but further studies are needed to
confirm the role of these factors.

A predominantly neurologic phenotype was associated with F64L, 107V, and S77Y vari-
ants. In particular, 79.3% of Italian F64L patients presented with almost exclusively

Table 3. Cardiac measures in symptomatic patients with a predominantly cardiac or mixed phenotype at enrollment with ATTRv amyloidosis and the F64L, I68L,

1107V, or S77Y variant in THAOS.

Characteristic F64L (n = 6) 168L (n = 31) 1107V (n=8) S77Y (n=10)
Atrial fibrillation or atrial flutter

Yes 0 9(29.0) 0 3(30.0)

No 1(16.7) 2(6.5) 1(12.5) 0

Missing 5 (83.3) 20 (64.5) 7 (87.5) 7 (70.0)
Conduction abnormalities

Yes 3(50.0) 18 (58.1) 4(50.0) 4(40.0)

No 0 5(16.1) 2 (25.0) 2(20.0)

Missing 3(50.0) 8(25.8) 2 (25.0) 4 (40.0)
Pacemaker

Yes 1(16.7) 3(9.7) 1(12.5) 4 (40.0)

No 5(83.3) 11 (35.5) 2 (25.0) 0

Missing 0 17 (54.8) 5(62.5) 6 (60.0)
LV diastolic diameter (mm) 36.2 (36.2, 36.2) 46.0 (43.0, 54.0) 42.0 (40.0, 48.0) 52.0 (33.0, 55.0)
LV systolic diameter (mm) 20.3 (20.3, 20.3) 36.0 (25.0, 44.0) 31.5 (27.0, 35.0) 43.0 (29.0, 45.0)
LV septum diameter (mm) 16.0 (16.0, 16.0) 17.0 (14.0, 21.0) 18.0 (13.0, 23.0) 21.0 (11.0, 22.0)
Ejection fraction (%) 73.0 (73.0, 73.0) 52.0 (35.0, 62.0) 53.0 (45.0, 66.0) 51.5 (38.0, 66.0)
LV mass index (gm/m?) 90.8 (90.8, 90.8) 186.4 (140.2, 248.3) 171.5 (121.9, 179.4) 159.0 (104.4, 297.6)

NT-proBNP (pg/mL)

527.9 (208.0, 847.7)

2648.0 (1149.0, 3782.0)

1009.0 (803.0, 1215.0)

3555.5 (325.0, 7406.8)

Values are n (%) or median (10“’, 90t percentile). In the respective groups (F64L, I68L, 1107V, S77Y), LV diastolic diameter was available in 1, 13, 5 and 5 patients; LV
systolic diameter in 1, 13, 4, and 4 patients; LV septum diameter in 1, 18, 5, and 5 patients; Ejection fraction in 1, 19, 5, and 4 patients; LV mass index in 1, 13, 4, and 4,
patients; and NT-proBNP in 2, 11, 2, and 4 patients.

ATTRv amyloidosis, hereditary transthyretin amyloidosis; LV, left ventricular; NT-proBNP, N-terminal pro-B-type natriuretic peptide.

https://doi.org/10.1371/journal.pone.0292435.t003
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Fig 3. Neurologic symptoms in symptomatic patients with ATTRv amyloidosis and the (A) F64L, (B) I68L, (C) 1107V,
and (D) S77Y variants in THAOS. Neurologic symptoms are shown across all countries and in countries with the
largest number of patients with the given variant. ATTRv amyloidosis, hereditary transthyretin amyloidosis; THAOS,
Transthyretin Amyloidosis Outcomes Survey.

https://doi.org/10.1371/journal.pone.0292435.g003

neuropathic symptoms, compared with 66.7% of patients from the United States with the
same variant. The I68L variant was the only variant with the greatest proportion of patients
having a predominantly cardiologic phenotype (42.2%). Another difference was the mPND
score distribution of symptomatic patients with a predominantly neurologic or mixed pheno-
type at enrollment, with 17.4% of I68L patients in class 0 (no neurologic symptoms), while a
large number of F64L, 1107V, and S77Y patients were in class 2 or more (40%, 58.8%, and
32.0%, respectively). Specifically, 41.2% of symptomatic [107V patients and 25.0% of symp-
tomatic F64L subjects with a predominantly neurologic or mixed phenotype at enrollment
were not able to walk independently (mPND score >IITa), while S77Y patients had milder
neuropathic limitations (52.2% with an mPND score of I). However, a mixed phenotype was
also reported in a considerable proportion of patients for each (13-38% of patients), with
some interesting regional differences. In fact, Brazilian I107V patients presented with a mixed
phenotype two times more frequently than Italian and French patients, who mainly had classic
neurologic involvement. Finally, I68L variants were, as expected, mainly associated with a pre-
dominantly cardiac phenotype (42.2% of symptomatic subjects). In these patients, conduction
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Fig 4. Cardiac manifestations in symptomatic patients with ATTRv amyloidosis and the (A) F64L, (B) 168L, (C)
1107V, and (D) S77Y variants in THAOS. Cardiac manifestations are shown across all countries and in countries with
the largest number of patients with the given variant. ATTRv amyloidosis, hereditary transthyretin amyloidosis;
THAOS, Transthyretin Amyloidosis Outcomes Survey.

https://doi.org/10.1371/journal.pone.0292435.g004

abnormalities were the most common signs of cardiomyopathy at ECG, while echocardiogram
revealed an increase in LV diastolic diameter and LV septum diameter. As reported by previ-
ous studies, normal median ejection fraction (52%) was observed, despite laboratory evidence
of cardiac dysfunction (median NT-proBNP: 2648 pg/mL). Although there is a prevalent car-
diac manifestation of ATTRv disease in this variant, a considerable number of symptomatic
patients presented with a mixed (26.7%) or predominantly neurologic (24.4%) phenotype
associated with a milder neurologic impairment (mPND score 1 in more than 50% of these
patients). These data confirm that patients with ATTRv amyloidosis must be thoroughly inves-
tigated, even if harboring variants historically associated with a neurologic or cardiologic
phenotype.

THAOS has notable strengths in that the registry represents a large, geographically diverse
group of countries and study sites worldwide. Study limitations include the overall smaller
number of patients available to analyze, and referral bias may have impacted phenotype cate-
gorization which has the potential to change the clinical and epidemiologic aspects of the vari-
ants evaluated here. Registry data, by nature, are also not always complete and are limited by
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the data imputed. Lastly, the current analysis presents baseline data only; future studies should
examine prognostic data to provide insight into long-term outcomes of these patients.

Conclusions

ATTRv amyloidosis is a heterogeneous genetic disease, with the V30M genotype being the
most common variant reported and described worldwide. Other genotypes are less frequent,
and the corresponding phenotypes are not well characterized. THAOS continues to accumu-
late valuable real-world data from patients with ATTR amyloidosis, including those with less
frequently reported pathogenic genotypes, such as F64L, 168L, 1107V, and S77Y. The findings
presented in this analysis enhance the current understanding of the clinical profile of patients
with these genotypes and emphasize the importance of comprehensive assessment of all
patients.
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