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ABSTRACT

Introduction: Transthyretin amyloidosis (ATTR
amyloidosis) is primarily associated with a car-
diac or neurologic phenotype, but a mixed
phenotype is increasingly described.

Prior presentation These data were presented in part at
the XVIII International Symposium on Amyloidosis,
Heidelberg, Germany, September 4-8, 2022.

The members of the THAOS investigators are mentioned
in the Acknowledgements section.
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Methods: This study describes the mixed phe-
notype cohort in the Transthyretin Amyloidosis
Outcomes Survey (THAOS). THAOS is an ongo-
ing, longitudinal, observational survey of
patients with ATTR amyloidosis, including both
hereditary (ATTRv) and wild-type disease, and
asymptomatic carriers of pathogenic transthyr-
etin variants. Baseline characteristics of patients
with a mixed phenotype (at enrollment or
reclassified during follow-up) are described
(data cutoff: January 4, 2022).

Results: Approximately one-third of symp-
tomatic patients (n = 1185/3542; 33.5%) were
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classified at enrollment or follow-up as mixed
phenotype (median age, 66.5 years). Of those,
344 (29.0%) were reclassified to mixed pheno-
type within a median 1-2 years of follow-up.
Most patients with mixed phenotype had
ATTRv amyloidosis (75.7%). The most frequent
genotypes were V30M (38.9%) and wild type
(24.3%).

Conclusions: These THAOS data represent the
largest analysis of a real-world mixed phenotype
ATTR amyloidosis population to date and sug-
gest that a mixed phenotype may be more
prevalent than previously thought. Patients
may also migrate from a primarily neurologic or
cardiologic presentation to a mixed phenotype
over time. These data reinforce the need for
multidisciplinary evaluation at initial assess-
ment and follow-up of all patients with ATTR
amyloidosis.

Trial Registration: ClinicalTrials.gov: NCT006
28745.

Keywords: Amyloidosis; Cardiomyopathy;
Mixed phenotype; Polyneuropathy; Transthy-
retin; THAOS
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Key Summary Points

Why carry out this study?

Transthyretin amyloidosis (ATTR
amyloidosis) is primarily associated with a
predominantly cardiac or neurologic
phenotype, but a mixed phenotype is
increasingly described.

This study utilized data from the
Transthyretin Amyloidosis Outcomes
Survey (THAOS) to describe characteristics
of patients with ATTR amyloidosis and a
mixed phenotype.

What was learned from this study?

Approximately one-third of symptomatic
patients from THAOS had a mixed
phenotype, suggesting that it may be
more prevalent than previously thought.

Patients may migrate from a primarily
neurologic or cardiologic presentation to a
mixed phenotype over time.

These data reinforce the need for
multidisciplinary evaluation at initial
assessment and follow-up of all patients
with ATTR amyloidosis.

INTRODUCTION

Transthyretin amyloidosis (ATTR amyloidosis)
is a progressive, multisystemic disease with
hereditary (variant; ATTRv amyloidosis) and
acquired (wild-type; ATTRwt amyloidosis) eti-
ologies [1]. ATTR amyloidosis results from the
deposition of transthyretin (TTR) amyloid fibrils
in organs and tissues throughout the body,
leading to cardiac and peripheral nervous sys-
tem dysfunction [2]. ATTRv amyloidosis is
characterized by variants in the TTR gene that
lead to increased tetramer instability, monomer
dissociation, and aggregation, whereas ATTRwt
amyloidosis is characterized by instability of the
native TTR tetramer, resulting in age-related
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monomer release, misfolding, and fibrillogene-
sis [1]. Although ATTR amyloidosis is a hetero-
geneous disease, its phenotypic presentation is
classified as predominantly neurologic, pre-
dominantly cardiac, or mixed [1]. The perceived
clinical phenotype is a function of both the
anatomic sites of fibril deposition, which may
depend on the specific TTR variant, and, per-
haps more importantly, the ability of healthcare
professionals to ascertain the impact of the fib-
rillar deposits on specific organ function [2, 3].
More than 130 pathogenic variants have been
reported to be associated with ATTRv amyloi-
dosis [4]. One of the most frequently reported
variants worldwide, V30M (p.V50M), is pri-
marily associated with neurologic or mixed
phenotypes [5]. Conversely, ATTRwt amyloido-
sis is primarily associated with a cardiac phe-
notype but can also present with a mixed
phenotype [5, 6]. Although consensus guideli-
nes on the management of patients with ATTR
amyloidosis recommend both comprehensive
neurologic and cardiologic assessment at initial
evaluation [3, 7], this is typically not done in
clinical practice; rather, the focus of the assess-
ment largely depends on provider expertise (i.e.,
cardiologist or neurologist). The resulting
referral bias may lead to an underreporting of
the prevalence of mixed phenotype in the ATTR
amyloidosis population [5]. Furthermore, a
patient may present with a predominantly
neurologic or cardiac phenotype at initial
assessment, but as the disease progresses, clini-
cal presentation may evolve to a mixed
phenotype.

The Transthyretin Amyloidosis Outcomes
Survey (THAOS) is the largest ongoing, longi-
tudinal, observational study of patients with
ATTR amyloidosis, including both ATTRv and
ATTRwt amyloidosis, as well as asymptomatic
carriers of  pathogenic = TTR  variants
(NCT00628745) [8]. Owing to its large patient
population, THAOS has provided valuable
insights into ATTR amyloidosis and has high-
lighted the genotypic, phenotypic, and geo-
graphic heterogeneity of the disease [5, 9-13].
The objective of this analysis was to examine
baseline demographic and clinical characteris-
tics of a large sample of patients with mixed-
phenotype ATTR amyloidosis in THAOS,

including comparison of those classified as
mixed phenotype at enrollment vs those who
migrated from a predominantly cardiac or
neurologic phenotype at enrollment to a mixed
phenotype during follow-up. This is the first
report to date registering the disease evolution
and migration from one phenotype to another
in an ATTR amyloidosis patient population.

METHODS

The study design and eligibility criteria for
THAOS have been described [8]. All study sites
received ethical or institutional review board
approval prior to patient enrollment, and each
patient provided written informed consent. The
study followed the Good Pharmacoepidemiol-
ogy Practice guidelines and the principles of the
Declaration of Helsinki. The study was
approved at the primary site in this analysis by
Comité de Etica de la Investigacion de las Illes
Balears (CEIM-IB).

Patient Populations and Classifications

The full analysis set (FAS) included all untreated
symptomatic patients enrolled in THAOS as of
the data cutoff date who met inclusion/exclu-
sion criteria with signed informed consent, and
who were classified as having a mixed pheno-
type at enrollment or who were classified as
either predominantly cardiac or predominantly
neurologic at enrollment and were reclassified
as having a mixed phenotype at any subsequent
follow-up visit. Patients were either never trea-
ted with tafamidis, or if they were started on
tafamidis treatment post-enrollment, then only
data from the time of enrollment until the day
prior to the first date of tafamidis treatment
were included in this analysis. Symptomatic
patients included patients with at least one
symptom reported as definitely ATTR-related at
enrollment regardless of whether or not all
symptoms were assessed. Symptom onset was
defined as the date of first occurrence of symp-
toms(s) that were reported as definitely ATTR-
related. Symptom relatedness was determined
by the investigator.
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Patients were analyzed according to geno-
type group; the ATTRwt amyloidosis group
included all patients classified as wild type at
enrollment in THAOS, and the ATTRv amyloi-
dosis group included all patients with a docu-
mented TTR variant. Patients with ATTRv
amyloidosis were further subdivided into V30M
(patients with either V30M, V30M + G6S
[p-G26S], or V3OM + E7V [p.E27V]) and non-
V30M (all other patients with ATTRv amyloi-
dosis) groups.

Phenotypes were defined as follows. The
predominantly cardiac phenotype included
patients with abnormal electrocardiogram
(ECG) due to rhythm disturbance, heart failure
(HF), or dyspnea, and no more than mild neu-
rologic or gastrointestinal (GI) symptoms (ex-
cluding erectile dysfunction, constipation, and
carpal tunnel). Cardiac symptoms did not need
to be ongoing at a given visit to be included for
phenotyping; however, symptoms needed to be
definitely related to ATTR amyloidosis. The
predominantly neurologic phenotype included
patients with neurologic or GI symptoms of any
severity and who did not have abnormal ECG
due to rhythm disturbance, HF, or dyspnea.
Neurologic and GI symptoms had to be ongoing
and definitely related to ATTR amyloidosis. A
modified polyneuropathy disability (mPND)
score > [ was included as a neurologic symptom
wherever applicable. The mixed phenotype
included patients with abnormal ECG due to
rhythm disturbance, HF, or dyspnea and neu-
rologic or GI symptoms of any severity but did
not satisfy the criteria for predominantly car-
diac or predominantly neurologic. Symp-
tomatic patients with unknown phenotype
included all other symptomatic patients who
did not meet any of the above criteria for any of
the predominantly cardiac, predominantly
neurologic, or mixed phenotypes. All patients
with ATTRwt amyloidosis at enrollment were
classified as predominantly cardiac unless they
had any neurologic symptoms that were defi-
nitely related to ATTR amyloidosis, in which
case they were classified as having a mixed
phenotype.

Under the assumption that phenotype-re-
lated symptoms do not truly disappear but are
only masked or temporarily resolved,

phenotype classifications were carried forward
to future visits even if there were no available
symptom data at the subsequent visit. Patients
classified as predominantly cardiac or predom-
inantly neurologic at a given visit continued to
be classified as such at subsequent visits unless
the patient developed additional symptoms
warranting a reclassification to mixed pheno-
type. The mixed phenotype is considered a
persistent state, so once a patient was classified
as having a mixed phenotype at a given visit,
that patient remained in the mixed category at
all subsequent visits.

Patients were further divided according to
the following categories: the mixed phenotype
throughout set included all patients in the FAS
who were classified as having a mixed pheno-
type at enrollment; the predominantly cardiac
to mixed phenotype set included all patients in
the FAS classified as predominantly cardiac at
enrollment and were reclassified as having a
mixed phenotype at any subsequent follow-up
visit; and the predominantly neurologic to
mixed phenotype set included all patients in
the FAS classified as predominantly neurologic
at enrollment and were reclassified as having a
mixed phenotype at any subsequent follow-up
visit. The phenotype reclassification visit was
defined as the first visit during which a patient
was reclassified as having a mixed phenotype
from either predominantly cardiac or predomi-
nantly neurologic. New symptom categories
were those reported at the time of phenotype
reclassification that were not reported at
enrollment.

Assessments

Demographic and clinical characteristics of
untreated patients in THAOS with mixed-phe-
notype ATTR amyloidosis at enrollment or
reclassified as mixed phenotype during follow-
up were assessed descriptively (data cutoff date:
January 4, 2022). Symptoms at baseline were
categorized as autonomic neuropathy, cardiac
disorder, GI manifestations, motor neuropathy,
and sensory neuropathy. Autonomic neuropa-
thy included dizziness, palpitations, dry eye,
constipation, diarrhea, diarrhea/constipation,
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early satiety, fecal incontinence, nausea, vom-
iting, recurrent urinary tract infections, urinary
incontinence, urinary retention, dyshidrosis,
and erectile dysfunction. Cardiac disorder
included coronary artery disease, dyspnea, HF,
myocardial infarction, rhythm disturbance,
syncope, arterial hypertension, cardiomyopa-
thy, and other cardiovascular disease. GI mani-
festations included constipation, diarrhea,
diarrhea/constipation, early satiety, fecal
incontinence, nausea, unintentional weight
loss, and vomiting. Motor neuropathy included
muscle weakness and walking disability. Sen-
sory neuropathy included balance abnormality,
neuropathic arthropathy, neuropathic
pain/paresthesia, numbness, temperature or
pain insensitivity, and tingling. Symptom cate-
gories were not mutually exclusive.

Patients’ ability to perform normal daily life
activities and their need for assistance was
assessed using the Karnofsky Performance Sta-
tus Scale score, ranging from 10 (moribund;
fatal processes progressing rapidly) to 100
(normal; no complaints). Neurologic impair-
ment was measured in symptomatic patients
using the derived Neuropathy Impairment
Score in the Lower Limbs (NIS-LL; ranges from 0
to 88) [14]. Higher scores indicate greater
impairment, and the NIS-LL scale includes
reflex, motor, and sensory subscales. mPND
scores were analyzed in symptomatic patients
with a predominantly neurologic or mixed
phenotype. The mPND score is a measure of
walking disability and ranges from 0 to IV,
where 0 indicates no sensory disturbance in the
feet and ability to walk without difficulty; I
indicates sensory disturbance in the feet but
preserved walking capacity; II indicates some
difficulties walking but able to walk without aid;
[Ila indicates one stick or crutch required for
walking; IlIb indicates two sticks or crutches
required for walking; and IV indicates patients
confined to a wheelchair or bed. Health-related
quality of life (HRQoL) was assessed using the
European Quality of Life five-dimension three-
level scale (EQ-5D-3L) and the Norfolk Quality
of Life-Diabetic Neuropathy questionnaire. The
EQ-5D-3L is a measure of self-reported health
status. The first part assesses health on five
dimensions (mobility, self-care, usual activities,

pain/discomfort, and anxiety/depression), each
with three levels: no problems, some problems,
and extreme problems/unable to perform.
Health state profiles are assigned a summary
index score ranging from O (death) to 1 (perfect
health). The second part is a visual analog scale
in which patients rate perceived health from 0
(worst) to 100 (best). The 35-item Norfolk
Quality of Life (QoL)-Diabetic Neuropathy (DN)
questionnaire assesses diabetic neuropathy
across five domains: physical functioning/large
fiber neuropathy, activities of daily living,
symptoms, small fiber neuropathy, and auto-
nomic neuropathy. Scores range from — 4 to
136, with higher scores indicating worse
HRQoL.

Measures of cardiac involvement in symp-
tomatic patients were left ventricular septal wall
thickness (LVSWT) and left ventricular ejection
fraction (LVEF). New York Heart Association
(NYHA) functional class was analyzed in
patients with HF.

Statistical Analysis

This descriptive analysis examined baseline
characteristics of patients with a mixed pheno-
type and compared patients with a mixed phe-
notype classified at enrollment vs those
reclassified as having a mixed phenotype during
the study. Continuous data are presented as
median (10th, 90th percentile), and categorical
data are presented as count (percentage).

RESULTS

Patient Demographics and Genotype

At the time of the analysis, 3542/5286 untreated
patients enrolled in THAOS were symptomatic.
Approximately one-third of symptomatic
patients (n = 1185, 33.5%) were classified as
having a mixed phenotype (68.9% male, 73.0%
White); 897 (75.7%) had ATTRv amyloidosis
and 288 (24.3%) had ATTRwt amyloidosis.
Median age at enrollment was 66.5 years and
median symptom duration was 5.2 years
(Table 1). Most patients 841/1185 (71.0%) were
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Table 1 Demographic and clinical characteristics of patients with mixed phenotype ATTR amyloidosis enrolled in

THAOS according to genotype

Overall ATTRwt V30M ATTRv Non-V30M ATTRv
(N = 1185) amyloidosis amyloidosis amyloidosis (2 = 436)
(n = 288) (n = 461)

Male, 7 (%) 817 (689) 265 (92.0) 274 (59.4) 278 (63.8)
Age at enrollment (years), median  66.5 (41.7,  77.5 (68.0, 87.1) 583 (352, 75.7) 62.9 (46.9, 77.2)

(10th, 90th percentile) 80.7)
Race, 7 895 259 256 380
White, 7 (%) 653 (73.0) 233 (90.0) 190 (74.2) 230 (60.5)
Black, 7 (%) 94 (10.5) 8 (3.1) 18 (7.0) 68 (17.9)
Asian, 7 (%) 95 (10.6) 12 (4.6) 39 (15.2) 44 (11.6)
Other, 7 (%) 53 (5.9) 6 (23) 9 (3.5) 38 (10.0)
Symptom duration (years), median 5.2 (1.0, 4.2 (0.7, 18.0) 64 (1.7, 16.8) 4.8 (0.9, 15.1)

(10th, 90th percentile) 16.8)
mBM]I, » 759 170 324 265
Median (10th, 90th percentile) 983.3 1045.0 (822.2, 953.8 (667.7, 1248.0) 963.6 (705.9, 1257.8)

(717.9, 1323.3)
1265.6)

Karnofsky Performance Status 927 194 385 348

score, 72
10-30, 7 (%) 6 (0.6) 1(0.5) 1 (0.3) 4 (L)
40-60, 7 (%) 209 (22.5) 26 (134) 106 (27.5) 77 (22.1)
70-90, 7 (%) 676 (729) 162 (83.5) 269 (69.9) 245 (70.4)
100, 7 (%) 36 (3.9) 5 (2.6) 9 (2.3) 22 (63)

ATTR amyloidosis transthyretin amyloidosis, A7 TRv amyloidosis hereditary transthyretin amyloidosis, 4TTRwt amyloidosis
wild-type transthyretin amyloidosis, 72BMI modified body mass index, THAOS Transthyretin Amyloidosis Outcomes

Survey

classified as having a mixed phenotype at
enrollment and 344/1185 (29.0%) were reclas-
sified as having a mixed phenotype during the
study.

In patients who were classified as having a
mixed phenotype at enrollment (n = 841;
72.2% male, 72.5% White), 605 (71.9%) had
ATTRv amyloidosis and 236 (28.1%) had
ATTRwt amyloidosis. Median age at enrollment
was 68.5 years and median symptom duration
at enrollment was 5.7 years. A higher propor-
tion of patients with ATTRwt amyloidosis vs
ATTRv amyloidosis were male (91.5% vs 64.6%)

and White (91.5% vs 63.7%). Patients with
ATTRwt amyloidosis vs ATTRv amyloidosis were
also older (median age at enrollment, 77.5 vs
63.5 years) and had a higher modified body
mass index (median, 1042.9 vs 936.2).

In 344 patients reclassified as having a mixed
phenotype during the study, 238 (69.2%) were
reclassified from a predominantly neurologic
phenotype and 106 (30.8%) were reclassified
from a predominantly cardiac phenotype.

All 238 patients initially enrolled with a
predominantly neurologic phenotype (54.2%
male, 76.3% White) had ATTRv amyloidosis.
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Fig. 1 Cumulative incidence of time to reclassification to mixed phenotype according to initial phenotype

Median age at enrollment was 55.0 years and
median symptom duration at enrollment was
4.4 years. Median time from enrollment to
phenotype reclassification was 32.2 months
(Fig. 1).

Among 106 patients initially enrolled with a
predominantly cardiac phenotype (76.4% male,
71.9% White), 54 (50.9%) had ATTRv amyloi-
dosis and 52 (49.1%) had ATTRwt amyloidosis.
Median age at enrollment was 70.6 years and
median symptom duration was 3.8 years. Med-
ian time from enrollment to phenotype reclas-
sification was 14.8 months.

In the overall mixed phenotype population,
the most frequent genotype was V30M (£ G6S
or E7V) (38.9%) followed by wild type (24.3%)
(Table 2). The most common non-V30M vari-
ants (36.8% of the overall genotypes repre-
sented) were V122I (p.V142]) (7.4%) and E89Q
(p-E109Q) (6.8%).

Symptom Categories at Enrollment

In the overall mixed phenotype population,
cardiac disorder and sensory neuropathy were
the most common symptom categories, fol-
lowed by autonomic neuropathy, GI symptoms,
and motor neuropathy (Fig. 2). Neuropathy and
GI symptoms were more common in ATTRv
amyloidosis than ATTRwt amyloidosis and
more common in V30M ATTRv amyloidosis
than non-V30M ATTRv amyloidosis.

In the subset of patients who were classified
as having a mixed phenotype at enrollment,
cardiac disorder (92.4%) was the most common
symptom category at enrollment, followed by
sensory neuropathy (71.6%), autonomic neu-
ropathy (62.9%), GI symptoms (48.5%), and
motor neuropathy (43.5%). A greater propor-
tion of patients with ATTRv amyloidosis vs
ATTRwt amyloidosis had cardiac disorder
(100.0% vs 72.9%), sensory neuropathy (84.3%
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Table 2 Genotype distribution of patients with mixed
phenotype ATTR amyloidosis enrolled in THAOS

Table 2 continued

Genotype, 7 (%) Overall
Genotype, 7 (%) Overall (N = 1185)

(N = 1185)

V30M (p.V50M) + G6S (p.G26S)/ 461 (38.9) EG2K (pE82K) 202
V30M (p.VSOM) + V30M G47E (p.G67E) 2 (0.2)
(p-V50M)/E7V (p.E27V) K70N (p.K90N) 2 (0.2)

Wild type 288 (24.3) $501 (p.S701) 2(0.2)

V1221 (p.V142I) 88 (7.4) T49A (p.T69A) 2(02)

E89Q (p.E109Q) 81 (6.8) Y116S (p.Y1369) 2 (0.2)

TG60A (p.TSOA) + TG0A (p.TSOA)/ 39 (3.3) V28M (p.V4SM) 2 (0.2)
G6S (p.G26S) M13dup (p.M33dup) 2 (0.2)

SSOR (p.S70R) 27 (2.3) A19D (p.A39D)/G6S (p.G26S) 1(0.1)

168L (p.I88L) 22 (19) A45D (p.A65D) 1(0.1)

D38A (p.D58A) 17 (14) A45S (p.AGSS) 1(0.1)

E89K (p.E109K) 12 (10) A4ST (p.A6ST) 1(0.1)

1107V (p.127V) 11(09) DISN (p.D38N) 1(0.1)

S77Y (pS97Y) 11(09) CI10R (p.C30R) 1(0.1)

S77F (p.S97F) 10 (0.8) E42G (pE62G) 1(0.1)

F64L (p.F84L) 9(08) ES4G (p.E74G) 1(0.1)

HS88R (p.HI108R) 7 (0.6) ES4K (p.E74K) 1(0.1)

A97S (p.A117S) 6 (05) E61G (p.ESIG) 1(0.1)

G47A (p.G67A) 6 (05) EGIK (p.ESIK) 1(0.1)

F33L (p.F53L) 6(05) E92K (p.E112K) 1(0.1)

T59K (p.T79K) 6 (05) G47V (p.G67V) 1(0.1)

delV122 (p.delV142) 5 (0.4) G6S (p.G265) 1(0.1)

V201 (p.V40I) 4(0.3) G6S (p.G26S)/T491 (p.T691) 1(0.1)

ES4Q (p.E74Q) 3(03) 1107M (pd127M) 1(0.1)

L58H (p.L78H) 3(03) 1107F (p.I127F) 1(0.1)

$52P (p.S72P) 3(03) 173V (pI93V) 1(0.1)

V122A (p.V142A) 3(03) I84N (p1104N) 1(0.1)

A120S (p.A140S) 2 (02) 184S (p.1104S) 1(0.1)

A19D (p.A39D) 2(02) I84T (p.1104T) 1(0.1)

R34S (p.R34S) 2(02) L111M (p.L131M) 1(0.1)

D38V (p.DS8V) 2(02) L12P (p.L32P) 1(0.1)

ES4L (p.E74L) 2 (02) K35N (pK55N) 1(0.1)
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Table 2 continued

Genotype, 7 (%) Overall
(N = 1185)
P24S (p.P44S) 1(0.1)
S23N (p.S43N) 1(0.1)
T40N (p.T60N) 1(0.1)
T59R (p.T79R) 1 (0.1)
T751 (p.T9SI) 1(0.1)
T80I 1(0.1)
V71A (p.V91A) 1(0.1)

ATTR  amyloidosis transthyretin  amyloidosis, THAOS
Transthyretin Amyloidosis Outcomes Survey

vs 39.0%), autonomic neuropathy (76.9% vs
27.1%), motor neuropathy (55.7% vs 12.3%),
and GI symptoms (64.1% vs 8.5%). A greater
proportion of patients with V30M ATTRv amy-
loidosis vs non-V30M ATTRv amyloidosis had
sensory neuropathy (95.1% vs 74.5%), auto-
nomic neuropathy (87.1% vs 67.6%), motor
neuropathy (67.2% vs 45.3%), and GI symp-
toms (74.2% vs 55.0%).

In patients who were reclassified from a
predominantly neurologic to mixed phenotype,
sensory neuropathy (85.7%) was the most
common symptom, followed by autonomic
neuropathy (66.0%), GI symptoms (60.1%),
motor neuropathy (49.6%), and cardiac disorder
(10.1%). In patients with V30M ATTRv amyloi-
dosis vs non-V30M ATTRv amyloidosis, sensory
neuropathy (92.1% vs 71.2%), autonomic neu-
ropathy (74.5% vs 46.6%), motor neuropathy
(57.0% vs 32.9%), and GI symptoms (70.3% vs
37.0%) were more common.

In patients who were reclassified from a
predominantly cardiac to mixed phenotype,
cardiac disorder (94.3%) was the most common
symptom category, followed by autonomic
neuropathy (37.7%), sensory neuropathy
(34.0%), GI symptoms (16.0%), and motor
neuropathy (6.6%). Cardiac disorder (100.0% vs
88.5%), autonomic neuropathy (53.7% vs
21.2%), sensory neuropathy (51.9% vs 15.4%),
motor neuropathy (11.1% vs 1.9%), and GI

symptoms (31.5% vs 0%) were more common
in ATTRv amyloidosis vs ATTRwt amyloidosis.
Sensory neuropathy (55.6% vs 51.1%), auto-
nomic neuropathy (55.6% vs 53.3%), and GI
symptoms (55.6% vs 26.7%) were more com-
mon in V30M ATTRv amyloidosis vs non-V30M
ATTRv amyloidosis.

Cardiac, Neurologic, and HRQoL Measures

HF was present in 60.7% of the overall mixed
phenotype population (Fig. 3A). The incidence
of HF was highest in ATTRwt amyloidosis
(82.6%) (Fig. 3B) and lowest in V30M ATTRv
amyloidosis (31.2%) (Fig. 3C). Most patients
with HF were classified as NYHA class II or III at
enrollment (78.5%; Fig. 3A). The proportion of
patients classified as NYHA class I was higher in
patients with V30M ATTRv amyloidosis (26.4%)
(Fig. 3C) than in patients with ATTRwt amyloi-
dosis (8.0%) (Fig.3B) and non-V30M ATTRv
amyloidosis (10.1%) (Fig. 3D), whereas the
proportion of patients in NYHA class III status
was lower, respectively (18.8% vs 33.6% and
32.3%).

In patients classified as having a mixed
phenotype at enrollment, HF was present in
70.2% of patients, and most (81.3%) were clas-
sified as NYHA class II or III at enrollment. In
patients reclassified from a predominantly
neurologic to mixed phenotype, HF was present
in 16.4% of patients, and 51.3% had missing
NYHA classification at enrollment. In patients
reclassified from having a predominantly car-
diac to mixed phenotype, HF was present in
84.9% of patients, and most (81.1%) were clas-
sified as NYHA class II or III at enrollment.

Differences between genotype subgroups
were also observed for other clinical character-
istics in the overall mixed phenotype popula-
tion. Median LVSWT was lower and median
LVEF higher in V30M ATTRv amyloidosis vs
ATTRwt amyloidosis and non-V30M ATTRv
amyloidosis (Fig. 4A and B). Median derived
NIS-LL total score was higher in V30M ATTRv
amyloidosis vs ATTRwt amyloidosis and non-
V30M ATTRv amyloidosis (Fig. 4C). In addition,
a higher proportion of patients with V30M
ATTRv amyloidosis had mPND scores of II or
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Symptom
category

Cardiac disorder
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Sensory neuropathy

933
Autonomic neuropathy | 820
Motor neuropathy |
GI symptoms
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Patients, %

mm Overall (V=1185) m= ATTRwt(n=288) mm V30M(n=461) == Non-V30M (n = 436)

Fig. 2 Summary of symptom categories reported at amyloidosis transthyretin amyloidosis, ATTRwr wild-type
enrollment in patients with mixed phenotype ATTR transthyretin amyloidosis, GI gastrointestinal
amyloidosis overall and by genotype category. ATTR

higher than patients with ATTRwt amyloidosis vs ATTRwt amyloidosis, as indicated by higher
or non-V30M ATTRv amyloidosis (Fig. ). median Norfolk QoL-DN total scores (Fig. 4D).
HRQoL impairment was worse in ATTRv amy- Median EQ-5D-3L derived index was similar
loidosis (both V30M and non-V30M genotypes) between genotype subgroups (Fig. 4E).
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A B 4.2%

All patients with HF Patients with HF +
(n="1719 [60.7%]) ATTRwt amyloidosis
(n =238 [82.6%])

C 9.0% D 4.5%

10.1%

Patients with HF + Patients with HF +
V30M ATTRv amyloidosis non-V30M ATTRv amyloidosis
(n=144[31.2%]) (n=337[77.3%])

M ClassI M Class II M Class III i Class IV i Missing

Fig. 3 Distribution of NYHA functional class at enroll- with HF (n = 719/1185). ATTR amyloidosis transthyretin
ment in patients with mixed phenotype A ATTR amy- amyloidosis, ATTRv amyloidosis hereditary transthyretin
loidosis, B ATTRwt amyloidosis, C V30M ATTRv amyloidosis, ATTRwt amyloidosis wild-type transthyretin
amyloidosis, and D non-V30M ATTRv amyloidosis. amyloidosis, HF heart failure, NYHA New York Heart
NYHA class is reported only in mixed phenotype patients Association
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Fig. 4 Other clinical and HRQoL characteristics in
patients with mixed phenotype ATTR amyloidosis overall
and by genotype. Cardiac measures, A LVSWT and
B LVEF; neuropathy measure, C derived NIS-LL total
score; and HRQoL measures, D EQ-5D-3L derived index
and E Norfolk QoL-DN scores are shown. Lines within
boxes denote medians; outer limits of boxes denote 10th

In the subset of patients classified as having a
mixed phenotype at enrollment, median
derived NIS-LL total score was higher in patients
with V30M ATTRv amyloidosis (40.8) compared
with  patients with non-V30M  ATTRv

and 90th percentiles. ATTR amyloidosis transthyretin
amyloidosis, ATTRwt amyloidosis wild-type transthyretin
amyloidosis, DN diabetic neuropathy, EQ-SD-3L EQ-5D
three-level version, HRQoL health-related quality of life,
LVEF left ventricular ejection fraction, LVSWT left
ventricular septal wall thickness, NIS-LL Neuropathy
Impairment Score in the Lower Limbs

amyloidosis (14.0) and patients with ATTRwt
amyloidosis (4.0).

In patients reclassified from a predominantly
neurologic to a mixed phenotype, cardiac
involvement (median LVSWT and LVEF,
respectively) was similar between V30M
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Fig. 5 Distribution of mPND scores in patients with
mixed phenotype ATTR amyloidosis overall and by

genotype. Denominators are the number of patients with

(13.0 mm and 63.0%) and non-V30M (15.0 mm
and 62.5%) ATTRv amyloidosis. Median derived
NIS-LL total score was higher in V30M ATTRv
amyloidosis (15.0) vs non-V30M ATTRv amy-
loidosis (6.0). HRQoL impairment was similar in
V30M vs non-V30M ATTRv amyloidosis as
indicated by median Norfolk QoL-DN total
scores (35.0 vs 26.0) and the median EQ-5D-3L
index (0.8 vs 0.8).

In patients reclassified from having a pre-
dominantly cardiac to mixed phenotype, med-
ian LVEF was higher in patients with V30M
ATTRv amyloidosis (61.0%) vs patients with
ATTRwt amyloidosis (52.5%) and patients with
non-V30M  ATTRv  amyloidosis  (55.5%),
whereas median LVSWT was not different
between genotype subgroups (16.0, 17.0, and
16.0 mm, respectively). Median derived NIS-LL
total score was higher in non-V30M ATTRv
amyloidosis (4.0) vs V30M ATTRv amyloidosis
(0.0) and ATTRwt amyloidosis (2.0). HRQoL
impairment was worse in V30M ATTRv amy-
loidosis vs non-V30M ATTRv amyloidosis and
ATTRwt amyloidosis as indicated by higher

non-missing data. ATTR amyloidosis transthyretin amy-
loidosis, ATTRwt amyloidosis wild-type transthyretin
amyloidosis, PND modified polyneuropathy disability

median Norfolk QoL-DN total scores (52.0 vs
17.0 and 15.5).

DISCUSSION

Data from this THAOS analysis represent the
largest analysis of a mixed phenotype ATTR
amyloidosis population recorded to date, with
approximately one-third of untreated symp-
tomatic patients in THAOS classified as mixed
phenotype. Furthermore, approximately one
third of the overall population of patients with
a mixed phenotype were initially classified at
enrollment as having a predominantly neuro-
logic or predominantly cardiac phenotype and
were reclassified as having a mixed phenotype
within a median 1 to 2 years of follow-up. To
the best of our knowledge, this is the first report
to document a migration from one phenotype
to another over time.

The clinical presentation of ATTR amyloi-
dosis has historically been characterized by
three phenotypes: predominantly neurologic,
predominantly cardiac, or mixed (both
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neurologic and cardiologic abnormalities pre-
sent) [1]. However, classification into these
phenotype subgroups is subject to referral bias
depending on the availability or absence of a
multidisciplinary team and the type of clinical
evaluation performed on the patient. As the
evidence for the multisystemic nature of the
disease grows, a more holistic approach is rec-
ommended [15], which could lead to patients
who were initially classified as having a singular
phenotype being reclassified as having a mixed
phenotype. For example, in one study, 20 of 29
(69%) patients with 168L (p.I88L) ATTRv amy-
loidosis, traditionally considered a primarily
cardiac phenotype, were reclassified as having a
mixed phenotype after a complete evaluation
[16]. Similar findings have been described with
the more frequent V1221 genotype, historically
known as a mainly cardiac phenotype, where
reports have highlighted the occurrence of
neurologic involvement when specifically
explored [17, 18].

In addition to referral bias, the primary
symptom may overshadow and exclude other
multisystemic clinical presentations, hindering
an understanding of the genotype-phenotype
relationship and clinical management. For
example, at the onset of disease, orthopedic
symptoms may occur in conjunction with the
cardiac phenotype, GI symptoms may occur
with the neurologic phenotype [19], and other
organs and systems, such as the eye, central
nervous system or renal system, may be
involved in both phenotypes [20, 21]. Further-
more, some rare ATTR variants, such as A18G or
L12P, may present with oculoleptomeningeal
amyloidosis, a well characterized clinical
grouping of central nervous system symptoms
(e.g., seizures, stroke-like episodes) and vitreous
TTR deposits [22]. Hence, these patients may be
classified within any of the three phenotypes
depending on the severity of the primary clini-
cal presentation of ATTR amyloidosis. This evi-
dence suggests that patients with a mixed
phenotype may represent a heterogeneous
patient population, and characterization of
patients with a mixed phenotype using real-
world experience is critical to establishing
appropriate clinical management.

Ditferences were also observed in the clinical
presentation of the mixed phenotype-genotype
subgroups analyzed. In comparison with
patients with ATTRwt amyloidosis, patients
with ATTRv amyloidosis more commonly pre-
sented with neurologic and GI symptoms and
had worse neuropathic impairment and lower
HRQoL. In patients with ATTRv amyloidosis,
those with the V30M variant more frequently
reported neurologic and GI symptoms and had
worse neuropathic progression than those
patients with non-V30M variants. Despite worse
neuropathic progression, measures of HF and
left ventricular structure and function were less
severe in patients with V30M ATTRv amyloi-
dosis vs patients with non-V30M ATTRv amy-
loidosis or ATTRwt amyloidosis. However, most
patients with HF, regardless of phenotype, were
classified as NYHA class II or III at the time of
enrollment. Lastly, the observation that nearly
a quarter of the mixed phenotype patients in
this analysis had ATTRwt amyloidosis is not
surprising as, although it is typically associated
with a cardiac phenotype, neurologic involve-
ment other than carpal tunnel syndrome in
ATTRwt amyloidosis has been described and
ranges from 24% to as high as 70% [23-25].

The factors underlying why patients with the
same TTR variant could present with different
phenotypes are not completely known. One
possible explanation is that single amino-acid
alterations may change tissue tropism by alter-
ing the molecular structure of the TTR protein
[26]. Tissue pH, the presence of proteolytic
activity, or certain protein interactions may also
influence the protein deposition [26-28]. It has
also been shown that structural differences in
amyloid fibrils have been related to different
phenotypes in V30M ATTRv amyloidosis
[29-31].

Strengths of this analysis include that
THAOS is the largest registry of patients with
ATTR amyloidosis, and this analysis represents
the largest cohort of ATTR amyloidosis patients
with a mixed phenotype analyzed to date. Fur-
thermore, to the best of our knowledge this is
the first report to examine ATTR amyloidosis
progression from a single phenotype to a mixed
phenotype. The study also has several limita-
tions. First, as ATTR amyloidosis is a rare
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disease, the number of patients in the pheno-
type subgroups analyzed was relatively small.
Second, referral bias could have been present in
the registry depending on whether the included
cases were mainly being followed by a neurol-
ogist, a cardiologist, or a multidisciplinary unit.
Thirdly, the higher rate of reclassification to a
mixed phenotype in patients with a neurologic
vs cardiologic phenotype at enrollment could
be biased by the more symptomatic nature of
early neurologic disease. Extra-cardiac manifes-
tations in patients with a predominantly cardi-
ologic phenotype are likely evident at a more
advanced stage of disease and require evalua-
tion by a clinician familiar with these symp-
toms. Fourthly, neurologic impairment is also a
common feature of aging, and we cannot
exclude the possibility that some patients
reclassified from a cardiologic to mixed pheno-
type may have had some neurologic symptoms
caused by aging. To reduce the risk of misclas-
sification, all symptoms contributing to the
phenotype must have been definitely related to
ATTR amyloidosis. Lastly, there was a substan-
tial amount of missing data, which is not
unexpected in a registry analysis, but the clas-
sification of the mixed phenotype was based on
an algorithm that used available data from the
database.

CONCLUSION

These THAOS data represent the largest analysis
of a real-world mixed phenotype ATTR amyloi-
dosis population to date and suggest that a
mixed phenotype may be more prevalent in
ATTR amyloidosis than previously thought.
Mixed phenotype ATTR amyloidosis represents
a heterogeneous group of patients with differ-
ent clinical presentations. A key finding was
that patients may migrate from a predomi-
nantly neurologic or cardiologic presentation to
a mixed phenotype over time, and this can have
important clinical implications for patient
management. Overall, these data reinforce the
need for multidisciplinary evaluation of all
patients with ATTR amyloidosis at initial eval-
uation and follow-up.
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