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[18F]ﬂorbetapir PET for early detection of N

amyloidosis in patients with hereditary
transthyretin amyloidosis polyneuropathy

Systemic amyloidosis is a heterogeneous group of diseases
characterized by localized or systemic deposition of insol-
uble extracellular fibrillary proteins in organs. Systemic
amyloidosis is categorized by precursor protein, and the
most common are immunoglobulin light-chain amyloidosis
(AL) and transthyretin (TTR) protein produced predomi-
nantly in the liver (ATTR amyloidosis). ATTR amyloidosis
frequently results from age-related misfolding of wild-type
TTR and, less commonly, from misfolding of a variant TTR
from an autosomal dominant mutation of the TTR gene.'
Hereditary ATTR (hATTR) is a progressive and potentially
fatal disease with a heterogeneous clinical presentation;
patients often develop a mixed phenotype of poly-
neuropathy (PN) characterized by sensory, motor, and
autonomic neuropathy and/or cardiac amyloidosis.” The
survival rate varies widely, ranging from 3 to 15 years after
diagnosis, depending on factors such as genetic mutation
and clinical phenotype. It is extremely critical for the
detection of amyloidosis at the earliest stage, when ther-
apy is still effective before severe organ damage occurs.
Noninvasive imaging approaches, such as scintigraphy
using the calcification detection tracer [*°™Tc]3,3-diphos-
phono-1,2-propanodicarboxylic acid (DPD), [*™Tc]pyro-
phosphate, [®*™Tc]hydroxymethylene  diphosphonate
(HMDP), and ['?3I]serum amyloid P component and cardiac
magnetic resonance imaging, have been used to assist in
the diagnosis of systemic amyloidosis.? Positron emission
tomography (PET) using ['®F]NaF, a fibroblast activation
protein inhibitor tracer, [*®Ga]pentixa, [®*Cu]fibrin-binding-
protein, ['®F]fluorodeoxyglucose, and amyloid imaging
tracers ['®F]flutemetamol, ['®F]florbetapir (FBP), ['®F]flor-
betaben, and [''C]PIB has been used in the clinical evalu-
ation of systemic amyloidosis. These amyloid imaging
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tracers have demonstrated prognostic utility in detecting
cardiac amyloidosis in patients with hATTR and AL, as well
as in identifying pulmonary involvement in individuals with
AL. ["®F]FBP PET has been reported for the diagnosis and
follow-up of AL patients with cardiac or multiorgan
involvement and ATTR patients. [''C]JPIB PET/computed
tomography (CT) has been used for treatment monitoring
with tafamidis in patients with ATTR. Moreover, ['®F]flor-
betaben PET/CT is in a clinical trial for differential diag-
nosis among light chain cardiac amyloidosis, ATTR, and
mimicking conditions.

In the present study, we assessed the utility of ['®F]FBP
imaging in detecting amyloidosis in hATTR-PN patients car-
rying p.H76R, p.A117S, p.K55N, or p.T69A mutations, for
which no amyloid PET has been reported, as well as in the
more common p.V50M mutation carriers. Seventeen partic-
ipants, including 9 normal controls (aged 58.9 + 7.9 years)
and 8 patients with hATTR-PN (aged 55.4 + 13.7 years),
were recruited from Huashan Hospital in Shanghai, China,
from 2022 to 2024 (demographics in Table S1). Genetic
testing, biopsy, and biochemical assays of the patient’s
serum and urine were conducted. Whole-body PET/CT using
['®F]FBP was performed, and amyloid deposition was
assessed using maximum standard uptake value (SUVax)
and target-to-background ratio (TBR) analyses with medi-
astinal blood pool as reference region (Fig. S2). The detailed
methods are described in the supplemental file.

Among the 8 patients with hATTR-PN, 1 patient carrying
p.H76R (c.227A > G), 2 patients carrying p.A117S
(c.394G > T), 2 patients carrying p.V50M (c.148G > A), 2
patients carrying p.T69A (c.205A > G), and 1 patient car-
rying p.K55N (c.165G > C) were included. The clinical
symptoms reported in the literature are consistent with
these cases. One hATTR-PN (p.H76R) patient clinically
manifested with first-degree atrioventricular block, cardiac
radiofrequency ablation, prostatic hyperplasia, and pleural
effusion. The two hATTR-PN (p.A117S) patients clinically
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Figure 1  ['®F]FBP imaging in hATTR-PN patients and normal controls for assessing organ involvement. (A, G, H, N, O) Maximum
intensity projection (MIP) of ["®F]FBP whole-body scans of hATTR-PN patients. Transaxial PET, CT, transaxial and coronal images of
overlay images of the heart (B), kidney (C), and bone marrow (D) from a patient with hATTR-PN (p.A117S, aged 48 years old, male,
A); stomach (E), and fat in the pelvic floor (F) from a patient with hATTR-PN (p.T69A, aged 45 years old, female, G); retina (1),
heart (J), and BM (K) from a patient with hATTR-PN (p.K55aN, aged 60 years old, female, H); and kidney (L) and muscle (M) from a
hATTR-PN patient (p.V50M, aged 67 years old, male, N). and fat (P), heart (Q), kidney (R), muscle (S), and tongue (U) of a hATTR-
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manifested multiple sensorimotor peripheral neuropathies,
with amyloidosis in the peripheral nerve plexus and heart
and distal cold limbs. Two hATTR-PN (p.V50M) patients
exhibited amyloidosis in the peripheral nerve plexus and
sensorimotor peripheral impairment. One patient with p.
T69A had amyloidosis in the peripheral nerve plexus with
normal cardiac function (aged 45 years, female), whereas
the other two had cardiac amyloidosis in the gastrointes-
tinal system and sensorimotor peripheral impairment (aged
58 years, male). The hATTR-PN (p.K55N) patient clinically
manifested with vitreous amyloidosis in both eyes. The
levels of biochemical markers in the hATTR-PN groups are
shown in Table S2.

All hATTR-PN patients (p.A117S, p.V50M, p.T69A, or p.
K55N p.H76R mutation carriers) presented positive ['®F]FBP
PET results and diverse distribution patterns: p.A117S mu-
tation carrier-positive uptake in the heart, kidneys, bone
marrow (BM), fat, and muscles (Fig. 1A—C); p.T69A muta-
tion carrier-positive uptake in the BM, stomach, pelvic floor
fat, kidneys, and muscles (Fig. 1D—G); p.K55N mutation
carrier-positive uptake in the vitreous body, heart, mus-
cles, lungs, and BM (Fig. 1H—K); p.V50M mutation carrier-
positive uptake in the kidneys and muscles (Fig. 1L, M); and
p.H76R mutation carrier-positive uptake in heart, tongue,
muscles, kidneys, BM, and fat (Fig. 10—U). We further
validated the accuracy of ['®F]FBP PET findings via histo-
logical staining of amyloid deposits in biopsy tissues. Organ
involvement by ['®F]FBP was most observed in the muscle,
BM, and kidney (>85%) of patients with hATTR-PN (Fig. S1).
We detected a greater number of involved organs by SUV ax
and visual analysis of ['®F]FBP in hATTR-PN patients (p.
A117S, p.V50M, p.K55N, p.T69A, and p.H76R) than in
normal controls (p < 0.0001 and p < 0.0001, respectively;
Fig. 1V). In addition, TBR analysis revealed greater ['®F]FBP
uptake in the liver and BM in hATTR-PN patients than in the
NC group (p < 0.0001 and p = 0.0211, respectively;
Fig. 1X). In hATTR-PN patients, a greater number and per-
centage of involved organs were detected by SUV,ax and
visual analysis compared with clinical evaluation, with no
difference between SUV .« and visual analysis.

The most common genetic variants in hATTR worldwide
are V30M (p.V50M) and T60A worldwide.® Several PET
studies have reported greater uptake in patients with
hATTR-CA carrying V30M (p. V50M) than in healthy controls
when ['®F]FBP, ['®F]flutemetamol,* and ["'C]PIB are used.
Cerebellum and cerebral amyloid deposition in long-term
hATTR V30M (p.V50M) patients has been previously re-
ported using ['®F]flutemetamol PET.* In our study, no cen-
tral nervous system involvement was observed in hATTR-PN
(p.V50M) or hATTR-PN harboring other mutations. Positive
[''CIPIB uptake has been reported in various organs of
hATTR patients carrying G47R, T60A, or D18G mutations.
The hATTR-PN p.A117S (A97S) mutation has been reported
in a few studies in East Asian populations but has not been
reported in Caucasians. hATTR-PN p.T69A (T49A) patients
were reported in two studies from France and lItaly, and

hATTR-PN p.H76R (H56R) patients were reported once with
geographic kindreds in the USA and were both reported for
the first time in the East Asian population. Thus far, only
one case report on an hATTR-PN p.K55N (K35N) patient with
vitreous amyloidosis, whose clinical manifestations were
similar to those in the present study, has been published.

Scintigraphy with [**™Tc]DPD and [**™Tc]HMDP was
found to be suboptimal in TTR-cardiac amyloidosis patients
with V30M (p.V50M) or p.F64L mutations but positive in, e.
g., E89Q, A36P, T49A, F33V, and 168L mutation carriers.’
These findings highlight the unique value of PET using am-
yloid tracers such as ['®F]FBP in detecting amyloid deposits
in patients with hATTR. Differences in the binding sites of
amyloid PET tracers on amyloid-beta fibrils have previously
been described in sporadic and autosomal dominant Alz-
heimer’s disease. An ex vivo study showed that the amyloid
tracer [°H]PIB and the flutemetamol analog cyano-flute-
metamol were able to detect AL and ATTR amyloid de-
posits. Further study on the binding affinity of the amyloid
tracer for ATTR fibrils with different mutations will be
informative.

In conclusion, our findings suggest that ['®F]FBP PET is a
powerful noninvasive imaging tool for the early detection
and characterization of amyloid deposition patterns in
hATTR-PN patients carrying p.A117S, p.K55N, p.H76R, or p.
T69A mutations. The ability of ['8F]FBP PET to characterize
amyloid deposition patterns in hATTR-PN patients with
different mutations may guide personalized treatment de-
cisions and monitor treatment response, such as the use of
transthyretin gene silencing, liver transplantation, or
pharmacotherapies. Early detection of amyloidosis in
hATTR-PN patients via ['®F]FBP PET is clinically critical, as
it facilitates timely intervention before irreversible organ
damage develops and enables the identification of amyloid
deposition in organs typically inaccessible to biopsy.
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Mediastinal blood pool; SMG, submandibular gland.
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