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Abstract

Purpose To investigate the utility of Pittsburgh compound B
(PiB) positron emission tomography (PET) imaging for eval-
uating whole-body amyloid involvement in patients with sys-
temic amyloidosis.

Methods Whole-body ''C-PiB PET was performed in seven
patients with systemic immunoglobulin light-chain (AL) am-
yloidosis, seven patients with hereditary transthyretin
(ATTRm) amyloidosis, one asymptomatic 77R mutation car-
rier and three healthy controls. The correlations between clin-
ical organ involvement, radiological ''C-PiB uptake and his-
topathological findings were analysed for each organ.
Results Organ involvement on ''C-PiB PET imaging showed
good correlations with the clinical findings for the heart and
stomach. Abnormal tracer uptake was also observed in the
spleen, lachrymal gland, submandibular gland, sublingual
gland, lymph node, brain, scalp, extraocular muscles, nasal
mucosa, pharynx, tongue and nuchal muscles, most of which
were asymptomatic. Physiological tracer uptake was univer-
sally observed in the urinary tract (kidney, renal pelvis, ureter
and bladder) and enterohepatic circulatory system (liver,
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gallbladder, bile duct and small intestine) in all participants.
Most of the patients and one healthy control subject showed
asymptomatic tracer uptake in the lung and parotid gland. The
peripheral nervous system did not show any tracer uptake
even in patients with apparent peripheral neuropathy.
Histological amyloid deposition was confirmed in biopsied
myocardium and gastric mucosa where abnormal ''C-PiB re-
tention was observed.

Conclusions "'C-PiB PET imaging can be used clinically in
the systemic evaluation of amyloid distribution in patients
with AL and ATTRm amyloidosis. Quantitative analysis of
"'C-PiB PET images may be useful in therapy evaluation
and will reveal whether amyloid clearance is correlated with
clinical response.

Keywords Amyloid - Pittsburgh compound B PET - Amyloid
imaging - Light-chain amyloidosis - Hereditary transthyretin
amyloidosis

Introduction

Systemic amyloidosis is a group of diseases associated
with progressive deposition of circulating amyloid precur-
sor protein in a number of vital organs, which eventually
results in fatal multiple organ dysfunction unless properly
treated. Appropriate diagnosis and treatment at the early
stage are therefore critically important to improve progno-
sis. To develop an adequate treatment plan, it is essential to
confirm amyloid deposition and to evaluate the extent of
organ involvement. At present, histopathological examina-
tion of biopsied tissue specimens is performed to confirm
amyloid deposition. However, this has a number of limita-
tions, including relatively high invasiveness and the re-
quirement for specific operator skills. In addition, tissue
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Table 1  Clinical background, organ involvement, and ''C-PiB tracer uptake in the enrolled subjects
Organ involvement and PiB tracer uptake
Treatment Glandular tissues CNS PNS Soft tissues
No. Diagnosis Age Sex history Ht St Sp LG PG SmG SIG TG LN Brain SmN AN Sc EM Na Ph Tg NM
invol
1 Systemic AL amyloidosis 56 M  Chemotherapy Organ involvement r &) R +
Tracer uptake +H+ + ++ + + +++ + + 4+
2 Systemic AL amyloidosis 71 M None Organ involvement s )
Tracer uptake ++ + + + 4+
3 Systemic AL amyloidosis 82 F None Organ involvement + Sl + @)
Tracer uptake + + ++ + o+
4 Systemic AL amyloidosis 52 F None Organ involvement r ) i
Tracer uptake + + o+ + + + + o+
5  Systemic AL amyloidosis 69 F None Organ involvement +
Tracer uptake ++  + + +
6  Systemic AL amyloidosis 59 M None Organ involvement + )
Tracer uptake +++ ++ + + + 4+
7  Systemic AL amyloidosis 57 F None Organ involvement
Tracer uptake +
Hereditary ATTR Organ involvement + + +) + +
amyloidosis (V30M) e F LDLT Tracer uptake ++ + + T+
Hereditary ATTR R Organ involvement + + +) + +
o amyloidosis (V30M) 45 M LDLT, Tafamidis Tracer uptake ++  + + ++ + + + ++  +
Hereditary ATTR L Organ involvement +  + (&) (+) + +
10 S 23 F Tafamidis
amyloidosis (G47R) atamicis Tracer uptake + o+ + + 4 + +
Hereditary ATTR Organ involvement + + +
11 P 43 M LDLT
amyloidosis (V30M) Tracer uptake 4 + A 4+ + + o+ +
Hereditary ATTR Organ involvement + + +
12 amyloidosis (V30M) s M BDLT Tracer uptake ++ + B + + o4+ o+
13 Hereditary ATTR 5 M BDLT, PM, Organ involvement + o+ + +
3 amyloidosis (V30M) } Tafamidis Tracer uptake +++  + ++  + + + +  +
Hereditary ATTR Organ involvement + o+ +
14 L 5 M N
amyloidosis (T60A) 8 one Tracer uptake +  + + +
Asymptomatic TTR Organ involvement
15 mutation carrier (D18G) 28 F None Tracer uptake
16 Healthy control 39 M None Organ involvement
Tracer uptake
17 Healthy control 38 M None Organ involvement
Tracer uptake +
18 Healthy control 50 M None Organ involvement

Tracer uptake

PiB Pittsburgh compound B, AL amyloidosis light-chain amyloidosis, ATTR amyloidosis transthyretin amyloidosis, Ht heart, St stomach, Sp spleen, LG
lachrymal gland, PG parotid gland, SmG submandibular gland, S/G sublingual gland, 7G thyroid gland, LN lymph node, CNS central nervous system,
PNS peripheral nervous system, SmN sensorymotor neuropathy, AN autonomic neuropathy, Sc scalp, EM extraocular muscles, Na nasal mucosa, Ph
pharynx, Tg tongue, NM nuchal muscles, LDLT living-donor partial liver transplantation, BDLT brain-dead donor liver transplantation, PM pacemaker,
Tracer uptake grading: +: mild; ++: moderate; +++: intense, Gray boxes: organ involvements not determined by international consensus criteria [7]; (+):

organ-related symptoms without consensus involvement criteria

biopsy can be used to evaluate amyloid deposition only in
a limited area of a single organ. Therefore, whole-body
amyloid imaging is becoming a novel, useful, and less
invasive method for evaluating systemic amyloidosis.

'C-Labelled Pittsburgh compound B (''C-PiB; 2-[4'-
methylaminophenyl]-6-hydroxybenzothiazole) positron
emission tomography (PET) is an established amyloid im-
aging technique used in the evaluation of localized Af3
amyloid deposition in the brain of patients with
Alzheimer’s disease [1] and Ap-type cerebral amyloid
angiopathy [2]. PiB is a derivative of the amyloid-
binding dye, thioflavin-T [3], and it can therefore theoret-
ically combine with various amyloid proteins. Recent
studies have indicated that PiB is able to detect other
types of amyloidosis [4-6]. In the study reported here
we investigated the feasibility of using ''C-PiB PET in
the evaluation of whole-body amyloid deposition in two
major types of systemic amyloidosis, i.e. systemic immu-
noglobulin light-chain (AL) and hereditary transthyretin
(ATTRm) amyloidosis.

Materials and methods
Participants

The clinical information of the participants is summarized in
Table 1. From June 2015 to December 2016, seven patients
with histologically proven systemic AL amyloidosis
(mean + SD age 63.7 + 10.6 years, range 52—82 years), seven
patients with histologically and genetically proven ATTRm
amyloidosis (age 44.3 + 11.3 years, range 23 — 58 years),
one asymptomatic 77R gene mutation carrier (age 28 years)
and three healthy control volunteers (age 42.3 + 6.7 years,
range 38-50 years) were enrolled in this study. All patients
were diagnosed and examined at Shinshu University Hospital.
All of the AL amyloidosis patients were newly diagnosed
untreated patients except one (subject 1, Table 1) who had
received chemotherapy but relapsed before achieving any
clinical organ response. The 77R genotypes of the ATTRm
amyloidosis patients were as follows: V30M (p.V50M) het-
erozygous (five patients), G47R (p.G67R) heterozygous (one
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patient), and T60A (p.T80A) heterozygous (one patient). All
ATTRm patients except one (subject 14) received antiamyloid
therapies, liver transplantation and/or tafamidis (Table 1). The
TTR genotype of the asymptomatic mutation carrier (subject
15, Table 1) was D18G (p.D38G).

Clinical evaluation

Clinical organ involvement due to systemic amyloid deposition
was evaluated in all participants at the time of the scan. The
international consensus guidelines from the 10th International
Symposium on Amyloid and Amyloidosis [7] were used to
determine organ involvement of the heart, kidney, liver, gastro-
intestinal tract, lung, sensorimotor and autonomic nervous sys-
tem, tongue and lymph nodes (Table 2). Reduced gastric mo-
tility was demonstrated gastroendoscopically by confirming re-
sidual gastric contents ingested on the day before
gastroendoscopy. These criteria were originally designed for
evaluating AL amyloidosis. However, we used these criteria
for evaluating both AL and ATTRm amyloidosis in this study
as no established evaluation method was available for ATTRm
amyloidosis. With regard to other organs without consensus
involvement criteria, organ-related symptoms were simply de-
scribed, but possible correlations between symptoms and amy-
loid involvement are not discussed.

"'C-PiB PET imaging

All imaging was performed with a PET/CT scanner
(Discovery PET/CT 600; GE Healthcare, Milwaukee, WI).
A whole-body low-dose CT scan from the vertex to the pelvis
was performed 30 min after administration of 500—-636 MBq
of ''C-PiB. After the CT scan, emission scans with seven bed
positions were followed by a scan at 2 min per bed position in
3D mode. The images were reviewed by trained
amyloidologists and a radiologist from among the authors
(N.E, N.K, K.O and Y.S). Both maximum intensity projection
images (Fig. 1) and transaxial images (Fig. 2) were visually
examined in the conventional manner to evaluate tracer uptake
in the body. For brain evaluation, standardized uptake value
ratio (SUVR) images (Fig. 2Aa, Ba, Ca) were generated by
normalizing ''C-PiB uptake relative to pontine uptake [2],
because ''C-PiB uptake in the brain was weaker than in the
other involved organs (Figs. | and 2) and abnormal ''C-PiB
retention was observed in the cerebellum but not in the pons in
ATTRm amyloidosis patients [6]. In this study, only
leptomeningeal brain uptake [6], and not uptake characteristic
of Alzheimer’s disease, was taken as significantly positive
brain uptake because we intended to evaluate amyloid depo-
sition derived from systemic amyloidosis and not that derived
from localized A3 amyloidosis. Tracer uptake in the scalp was
determined as significantly positive only when the uptake was
stronger than in the brain white matter on SUVR images (Fig.
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Table2  Organ involvement criteria in this study determined according
to international consensus guidelines [7]

Organ Criterion for organ involvement

Heart Mean left ventricular wall thickness
> 12 mm, no other cardiac cause

Kidney 24-h urine protein >0.5 g/day,
predominantly albumin

Liver Total liver span >15 cm or alkaline

phosphatase >1.5 times institutional upper
limit of normal

Gastrointestinal tract ~ Direct biopsy verification with symptoms

Lung Direct biopsy verification with symptoms,

Interstitial radiographic pattern

Nerve Peripheral: clinical; symmetrical lower extremity

sensorimotor peripheral neuropathy
Autonomic: gastric-emptying disorder,
pseudo-obstruction, voiding dysfunction

not related to direct organ infiltration
Tongue Tongue enlargement, clinical

Lymph node Lymphadenopathy

2Ca). Abnormal tracer uptake was graded visually as mild (+),
moderate (++) or intense (+++; Table 1).

Histopathological analysis

The correlations between histopathological findings of
biopsied specimens and ''C-PiB PET findings were investi-
gated retrospectively to validate the feasibility of ''C-PiB
PET. Histopathological analysis, including Congo red staining
and immunohistochemical staining, was performed as de-
scribed previously [8].

Protocol approval and patient consent

All procedures in studies involving human participants were
performed in accordance with the ethical standards of the in-
stitutional and/or national research committee and with the
principles of the 1964 Declaration of Helsinki and its later
amendments or comparable ethical standards. The study pro-
tocol was approved by the Ethics Committee of Shinshu
University School of Medicine, and written informed consent
was obtained from each participant.

Results

Correlations between clinical manifestations and "'C-PiB
PET images

The clinical background of the participants, organ involve-
ment, and ""C_PiB tracer uptake in each organ are summarized
in Table 1. Universal tracer uptake was observed in the urinary
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Fig. 1 Representative whole- a
body maximum intensity
projection ''C-PiB PET images:
a — ¢ anterior views; d — f lateral
views; a, d healthy control subject
(subject 16, Table 1); b e AL
amyloidosis patient (subject 1,
Table 1); ¢, f ATTRm amyloidosis
patient (subject 12, Table 1). The
urinary tract and enterohepatic
circulatory system are positively
delineated in all subjects due to
the physiological clearance
pathway of ''C-PiB. Abnormal
tracer uptake in the heart, spleen,
extraocular muscles, parotid
gland, tongue, nuchal muscles,
submandibular gland and thyroid
gland is apparent in the AL
patient (b, e). Increased density d
due to collapse of the lower right
lung is also apparent (b, e).
Abnormal tracer uptake in the
heart, scalp, lachrymal gland,
parotid gland, nasal mucosa,
pharynx, tongue, submandibular
gland, sublingual gland, thyroid
gland and brain is apparent in the
ATTRm patient (c, e)

tract (kidney, renal pelvis, ureter and bladder) and
enterohepatic circulatory system (liver, gallbladder, bile duct
and small intestine) in all participants, including healthy con-
trols (Figs. 1 and 2) due to physiological clearance of ''C-PiB
through the renal and hepatobiliary systems [9]. In addition,
most of the patients with systemic amyloidosis and one
healthy control subject showed increased ''C-PiB retention
in the lung (Fig. 2Ah, Bh, Ch). This was probably due to
reduced pulmonary blood flow and a partial volume effect
induced by a collapsed lung. For these reasons, we excluded
the urinary tract, enterohepatic circulatory system and lung
from the evaluations.

Common findings for both AL and ATTRm amyloidosis

Among the organs evaluated, good correlations between
clinical and radiological organ involvement were observed
in the heart (Fig. 2Bh, Ch) and stomach (Fig. 2Bi, Ci) in
both AL and ATTRm amyloidosis. As shown in Table 1, 11
of 12 patients with clinical cardiac involvement (mean left
ventricular wall thickness >12 mm) showed positive tracer
uptake in the heart. The only exception was a 23-year-old
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female ATTRm patient with G47R mutation (subject 10,
Table 1) who did not show increased " C_PiB retention,
although she presented with mild cardiac wall thickening
(mean left ventricular wall thickness 14.5 mm), compatible
with amyloid cardiomyopathy. Similarly, all eight patients
with clinical gastric involvement (decreased gastric motil-
ity) showed positive gastric ''C-PiB uptake. In addition,
two patients (one AL and one ATTRm) showed increased
"'C-PiB retention in the gastric wall, although they did not
have clinical gastric involvement. Radiological involve-
ment was more sensitive than clinical organ involvement
in the tongue, as 13 patients (six AL, seven ATTRm)
showed increased ''C-PiB retention in the tongue (Figs.
le, f, 2Be, Ce) and two (both AL) had obvious
macroglossia (Table 1).

It is likely that ''C-PiB PET is able to detect subclin-
ical amyloid deposition in glandular tissues. The salivary
glands (parotid gland, submandibular gland and sublin-
gual gland) were the most prominent organs positive for
"C_PiB, and increased retention was observed in four AL
and six ATTRm patients. Among these patients, the sub-
mandibular gland was palpable in one AL patient. The
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Fig. 2 Representative transaxial
PET images and fused PET/CT
images. A Healthy control
(subject 16, Table 1); B AL
amyloidosis patients (Ba — h, j
patient 1; Bi patient 4; Table 1). C
ATTRm amyloidosis patients
(Ca, b patient 9; Cc — j patient
12; Table 1). Increased 'c_piB
retention is apparent in the brain
(Ca), scalp (Ca, b), lachrymal
gland (Cc), extraocular muscles
(Bc), nuchal muscles (Be — g),
parotid gland (Ad — e, Bd —e,
Cd - e), nasal mucosa (Cd),
pharynx (Cd — f), tongue (Be and
Ce), submandibular gland (Bf,
Cf), sublingual gland (Cf),
thyroid gland (Bg, Cg), heart (Bh,
Ch), lung (Ah, Bh, Ch), liver
(Ai—j, Bi—j, Ci—}), gastric
wall, spleen (Bi, Ci), small
intestine, and kidneys (Aj, Bj, Cj)

amount of ''C-PiB accumulation in the salivary glands in
ATTRm patients (Fig. 2Cd — f) was greater than in AL
patients (Fig. 2Bd — f). One healthy control subject
showed ''C-PiB retention in the parotid gland, but the
level was much lower than in patients with systemic am-
yloidosis. Eight patients (three AL, five ATTRm) showed
increased ''C-PiB retention in the thyroid (Fig. 2Bg, Cg),
and five of these patients (three AL, two ATTRm) had
subclinical hypothyroidism (Table 1). Six patients (four
AL, two ATTRm; Fig. 2Bi) showed positive ""C-PiB ac-
cumulation in the spleen, but none of the patients showed
clinical symptoms regarding this organ.

In contrast to other organs, amyloid deposition in the
peripheral nervous system was difficult to detect by ''C-
PiB PET. In fact, no patients showed increased C-PiB
retention in the peripheral nervous system (i.e. nerve root,
plexus and peripheral nerves), although six ATTRm pa-
tients and one AL patient showed clinically obvious sen-
sorimotor and autonomic polyneuropathy.

@ Springer

A) Healthy control

Specific findings for AL amyloidosis

Characteristic abnormal ''C-PiB accumulation in the nuchal
muscles (Figs. 1b, e, 2Bc — g) was observed only in five pa-
tients with AL amyloidosis, and one of these patients showed
a dropped head due to weakness of the nuchal muscles.
Lymph nodes (one patient) and extraocular muscles (two
patients; Figs. le, 2Bc) were the other organs in which posi-
tive !'C-PiB uptake was observed only in patients with AL
amyloidosis, and none of these patients showed clinical symp-
toms regarding these organs.

Specific findings for ATTRm amyloidosis

Abnormal ''C-PiB retention was observed only in ATTRm
amyloidosis patients in the lachrymal gland (five patients;
Fig. 2Cc), brain (two patients; Fig. 2Ca), scalp (three
patients; Fig. 2Ca), nasal mucosa (three patients; Figs. 1f,
2Cd), and pharynx (four patients; Fig. 2Cd — f; Table 1).
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Fig.3 Correlations between ''C-
PiB PET images and
histopathological findings. a —d
Gastric images in an AL
amyloidosis patient (patient 4,
Table 1). Transaxial fused PET/
CT image of the stomach (a)
shows mild ''C-PiB tracer uptake
in the gastric wall (arrowheads).
Congo red staining of biopsied
gastric mucosa specimen shows
considerable amyloid deposition
in muscularis mucosae,
submucosal connective tissue and
lamina propria (b, ¢ polarized
view), and all of these deposits are
specifically immunolabelled with
anti-A antibody (d; scale bars

b —d 400 um). e — h Cardiac
images in an ATTRm amyloidosis
patient (patient 14, Table 1).
Transaxial fused PET/CT image
of the heart () shows mild ''C-
PiB tracer uptake in the left
ventricular wall and
intraventricular septum
(arrowheads) and in the anterior
wall of the right ventricle (arrow).
Congo red staining of biopsied
endomyocardial specimen shows
moderate amyloid deposition in
interstitial tissue around
cardiomyocytes (f, g polarized
view). All of these deposits are
specifically immunolabelled with
anti-TTR antibody (h scale bars
f—h 100 pum)

None of the patients showed clinical symptoms regarding
these organs, except one patient with positive lachrymal gland
uptake who showed dry eye.

Correlation between ''C-PiB PET images
and histopathological findings

To validate the feasibility of whole-body ''C-PiB PET in the
detection of amyloid deposition, we investigated the correlation
between ''C-PiB PET images and histopathological findings in
biopsied tissues. In this study, gastric mucosal biopsy speci-
mens were available in ten patients (three AL, seven ATTRm)

and an endomyocardial biopsy specimen was available in one
ATTRm patient. Considerable amyloid deposition was ob-
served in muscularis mucosae and submucosal connective tis-
sue in all gastric mucosal biopsy specimens, and abnormal ''C-
PiB retention in the gastric wall was observed in each patient
(Fig. 3a— d). Endomyocardial biopsy was performed in a 58-
year-old male ATTRm patient (patient 14, Table 1) with a 2-
year history of cardiac dysfunction. Histopathological exami-
nation demonstrated moderate ATTR amyloid deposition in the
cardiac interstittum and ''C-PiB PET showed abnormal tracer
retention in the cardiac wall, compatible with the histopatho-
logical findings (Fig. 3¢ — h).
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Table 3 Amyloid imaging techniques for systemic amyloidosis

Tracer Type of amyloidosis Advantages Limitations Reference
12L_SAP AL and AA Amyloid detectable in the spleen, kidneys, ~ Heart undetectable. Positive liver [10]
adrenals, bone marrow, carpal region, scintigraphy observed even among patients
skin, and tongue whose liver function (including ALP)
is totally normal
ATTRm Amyloid detectable in the spleen, Heart, GI tract, and nerves undetectable. Liver [11]
kidneys, and adrenals scintigraphy positive in all patients whose
hepatic amyloid was histologically
confirmed to be absent
AB2M Amyloid detectable in the affected joints Low sensitivity for detecting shoulder and [12]
(wrists and knees) and spleen hip joint arthropathy
AApo-Al Amyloid detectable in the spleen, Amyloid deposition undetectable in the skin, [13]
kidneys, and liver vocal cords, heart, nerves, and testes
99mTe-DPD AL Amyloid detectable in the skeletal muscle About half of patients with cardiac involvement  [14]
did not show positive scintigraphy. The other
visceral organs showed negative uptake
ATTRm Amyloid detectable in the heart, joints, No significant liver or spleen uptake in patients.  [15]
lower GI tract, thoracic and Physiological positive uptake in the urinary
abdominal wall tract (kidney, ureter, and bladder) in
patients and controls
AApo-Al Amyloid detectable in the heart Data unknown for hepatic, renal, and [16]
neuropathic involvement
99mMTe_PYP AL Amyloid detectable in the spleen, No significant correlation between cardiac [17, 18]
limbs, tongue, and thyroid amyloidosis and cardiac uptake. Limited
relationship between organ involvement and
tracer uptake in the liver, GI tract, and kidneys
ATTRm and Cardiac involvement is sensitively detectable Ability to detect organ involvement other than [19, 20]
ATTRwt the heart is undetermined
99mTe MDP AL and AA Amyloid detectable in the limbs, No significant correlation between cardiac [18]
tongue, and thyroid amyloidosis and cardiac uptake. Limited
relationship between organ involvement and
tracer uptake in the liver, GI tract, and kidneys
8F_Florbetapir AL and ATTR Amyloid detectable in the heart in Data unknown for other organs [21, 22]
both AL and ATTR amyloidosis
AL Amyloid detectable in the peripheral Number of investigated patients limited [23]
nerve and possibly in the muscles to one (case report)
AL Amyloid detectable in the Number of investigated patients limited [24]
heart and larynx to one (case report)
ALECT2 Positive uptake observed in the lungs, Number of investigated patients limited [25]
spleen, adrenal glands, kidneys, and to one (case report)
bone marrow
'8F_Florbetaben AL Positive uptake observed in the heart, Number of investigated patients limited [26]
spleen, thyroid, salivary gland, and kidney ~ to one (case report)
99mTc—Aprotinin AL (and ATTRm)  Amyloid detectable in the heart, pleura, Number of investigated patients with ATTRm [27, 28]
lung, thyroid, pericardium, sternum, very limited. Organs under the diaphragm
tongue, salivary glands, lymph node, (such as kidney, liver, spleen) not evaluable due
oropharynx, larynx, intestines, and joints to the high scattering from the kidneys. Central
or peripheral nervous system
involvement undetectable
"'c-PiB AL and ATTRm Good correlation between clinical and Physiological uptake in the lung, urinary tract , This study

radiological involvement in the heart and
stomach. Positive uptake in the tongue,
lymph node, spleen, lachrymal gland,
salivary glands, thyroid, brain, scalp,
extraocular muscles, nasal mucosa,
pharynx, and nuchal muscles

and enterohepatic circulation system. Peripheral

nervous system involvement undetectable

SAP serum amyloid P, DPD diphosphono-1,2-propanodicarboxylic acid, PYP pyrophosphate, MDP methylene diphosphonate,PiB Pittsburgh compound
B, AL light-chain amyloidosis, AA serum amyloid A amyloidosis, ATTRm hereditary transthyretin amyloidosis, AB2M (32-microglobulin amyloidosis,
AApo-Al apolipoprotein A I amyloidosis, ATTRwt systemic wild-type transthyretin amyloidosis, ALECT2 leucocyte cell-derived chemotaxin 2 amy-
loidosis, GI gastrointestinal
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Discussion

Several previous studies have investigated the utility of
whole-body molecular imaging to reveal systemic amyloid
deposition using various tracers (Table 3) [10-28].
Scintigraphy with '*I-labelled serum amyloid P component
('2*I-SAP) is the most intensively investigated diagnostic test
for whole-body amyloid imaging, and is able to detect amy-
loid deposition in several types of systemic amyloidosis, in-
cluding AL, ATTRm, AB2M and AApoAl amyloidosis
[10—13]. However, '**I-SAP scintigraphy is not sufficient to
evaluate amyloid deposition in the heart [10, 11, 13], which is
the most important organ for determining prognosis and ther-
apeutic management in patients with systemic amyloidosis. In
addition, the availability of '*I-SAP is limited to certain spe-
cialized institutions [29].

Bone-secking tracers, including *°™Tc-3,3-diphosphono-
1,2-propanodicarboxylic acid (DPD), **™Tc-pyrophosphate
(PYP) and *™Tc-methylene diphosphonate (MDP), have also
been reported to be useful for detecting systemic amyloidosis in
ATTRm, wild-type ATTR (ATTRwt), AL and AApoAl amy-
loidosis [30]. Notably, bone-seeking tracers are very sensitive in
the detection of cardiac ATTR amyloidosis [19, 20]. However,
these tracers are unable to detect cardiac amyloid involvement
in AL amyloidosis [14, 17, 18]. In addition, bone-seeking
tracers are not useful for detecting amyloid deposition in most
visceral organs other than the heart [14—18] (Table 3).

Recently, the potential of two '®F-labelled tracers, '*F-
florbetapir [21-25] and '®F-florbetaben [26], for whole-body
amyloid imaging has been reported. Although '*F-florbetapir
PET was shown to be able to detect cardiac involvement in
patients with AL and ATTRm amyloidosis [21], data
concerning its ability to detect amyloid involvement of other
organs are limited to case reports [23-25] (Table 3). Further
experience in using this tracer for systemic amyloid evaluation
in larger cohorts is needed. With regard to '*F-florbetaben,
there is only one case report of the positive uptake of the tracer
in several organs in a patient with AL amyloidosis [26].
Further investigation of the correlation between '®F-
florbetaben uptake and histopathological findings in a group
study setting is required. **™Tc-Aprotinin [27, 28] shows a
similar uptake pattern to ''C-PiB in AL amyloidosis patients
(Table 3). However, its value for assessing ATTR amyloidosis
is unclear due to the small number of patients investigated [27,
28], and this tracer is no longer used widely because of the
withdrawal of bovine aprotinin from the market [22].

The greatest advantage of ''C-PiB PET demonstrated in
this study was that this widely available tracer can detect car-
diac amyloid deposition very clearly in AL amyloidosis pa-
tients as well as in ATTRm amyloidosis patients. In addition,
"'C-PiB PET can reveal AL and ATTRm amyloid deposition
in other organs, including the stomach, spleen, lymph nodes,
brain, glandular tissues and soft tissues. In particular, it is

notable that there was a good correlation between clinical
and radiological involvement in the stomach in both AL and
ATTRm amyloidosis patients (Table 1). To our knowledge,
there have been no reports of other tracers that can detect
amyloid deposition in the gastric wall.

In this study, we confirmed the correlations between
"'C-PiB PET imaging findings and histopathological find-
ings in the stomach and heart (Fig. 3). In addition, we
recently showed that ''C-PiB PET can detect
leptomeningeal ATTR amyloid deposition with high sensi-
tivity [6]. Other organs, including the spleen [31], lachry-
mal glands [32], salivary glands [33, 34], thyroid [35] and
lymph nodes [36] have been reported to be histologically
involved in patients with systemic amyloidosis. In this
study, histological confirmation of amyloid deposition
was not obtained from these organs, but they were posi-
tively delineated by ''C-PiB PET only in patients with
systemic amyloidosis, and not in the asymptomatic 77R
mutation carrier or the healthy controls. Therefore, in-
creased ''C-PiB retention in these organs was considered
to delineate amyloid deposition, and histological amyloid
deposition in these organs may be more common than pre-
viously thought. However, detailed histology-based studies
(biopsy and/or autopsy studies) are required to confirm the
relationship between radiological tracer uptake intensity
and histological amyloid burden in each organ.

This study identified several limitations of ''C-PiB PET for
clinical use in evaluating systemic amyloidosis. The first is its
lack of ability to assess amyloid involvement in the urinary
tract and enterohepatic circulatory system because of the
physiological clearance pathway of PiB through the renal
and hepatobiliary systems. This characteristic of ''C-PiB
PET could be a major limitation when evaluating patients with
systemic AL amyloidosis, as both the kidney and liver are
commonly involved in this disease [37, 38]. 'C-PiB PET
was also found to be unable to distinguish pathological lung
uptake from physiological uptake, as not only amyloidosis
patients but also one healthy control subject showed increased
"'C-PiB in the lung at similar intensities. Another limitation of
"'C-PiB PET is its inability to detect amyloid deposition in the
peripheral nervous system, similar to previously reported
tracers (Table 3).

In conclusion, ''C-PiB PET imaging can be used clinically
for systemic evaluation of amyloid distribution in AL and
ATTRm amyloidosis patients. Quantitative analysis of ''C-
PiB PET may be useful in therapy evaluation and will reveal
whether amyloid clearance is correlated with clinical
response.
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