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ABSTRACT

OBJECTIVES This study aimed to test the diagnostic value of [18F]-florbetaben positron emission tomography (PET) in
patients with suspicion of CA.

BACKGROUND Diagnosis of cardiac involvement in immunoglobulin light-chain-derived amyloidosis (AL) and
transthyretin-related amyloidosis (ATTR), which holds major importance in risk stratification and decision making, is
frequently delayed. Furthermore, although diphosphonate radiotracers allow a noninvasive diagnosis of ATTR, demon-
stration of cardiac amyloidosis (CA) in AL may require endomyocardial biopsy.

METHODS Forty patients with biopsy-proven diagnoses of CA (20 ALs, 20 ATTRs) and 20 patients referred with the
initial clinical suspicion and later diagnosed with non-CA pathology underwent a cardiac PET/computed tomography scan
with a 60-min dynamic [18F]-florbetaben PET acquisition, and 4 10-min static scans at 5, 30, 50, and 110 min after
radiotracer injection.

RESULTS Visual qualitative assessment showed intense early cardiac uptake in all subsets. Patients with AL displayed a
high, persistent cardiac uptake in all the static scans, whereas patients with ATTR and those with non-CA showed an
uptake decrease soon after the early scan. Semiquantitative assessment demonstrated higher mean standardized uptake
value (SUVpean) in patients with AL, sustained over the whole acquisition period (early SUVean: 5.55; interquartile range
[IQR]: 4.00 to 7.43; vs. delayed SUVean: 3.50; IQR: 2.32 to 6.10; p = NS) compared with in patients with ATTR (early
SUV nean: 2.55; 1QR: 1.80 to 2.97; vs. delayed SUV ean: 1.25; IQR: 0.90 to 1.60; p < 0.001) and in patients with non-CA
(early SUVean: 3.50; IQR: 1.60 to 3.37; vs. delayed SUV ean: 1.40; IQR: 1.20 to 1.60; p < 0.001). Similar results were
found comparing heart-to-background ratio and molecular volume.

CONCLUSIONS Delayed [18F]-florbetaben cardiac uptake may discriminate CA due to AL from either ATTR or other
mimicking conditions. [18F]-florbetaben PET/computed tomography may represent a promising noninvasive tool for the
diagnosis of AL amyloidosis, which is still often challenging and delayed. (A Prospective Triple-Arm, Monocentric, Phase-
Il Explorative Study on Evaluation of Diagnostic Efficacy of the PET Tracer [18F]-Florbetaben [Neuraceq] in Patients With
Cardiac Amyloidosis [FLORAMICAR2]; EudraCT number: 2017-001660-38) (J Am Coll Cardiol Img 2020; m:m-m)
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ABBREVIATIONS
AND ACRONYMS

AL = immunoglobulin light-
chain-derived amyloidosis

ATTR = transthyretin-related
amyloidosis

CA = cardiac amyloidosis

CI = confidence interval

CT = computed tomography
[18F] = Fluorine 18

H/Bkg = heart-to-background
uptake ratio

IGR = interquartile range
MV = molecular volume

PET = positron emission
tomography

RI = retention index

SUV = standardized uptake
value

TAC = time-activity curve

VOI = volumetric region of
interest

myloidoses are a group of systemic

inherited or acquired disorders char-

acterized by extracellular deposition
of amyloid insoluble fibrils, deriving from
proteins encoded by mutated genes or from
the misfolding of a normal protein (1). Car-
diac involvement in amyloidosis is a major
determinant of clinical presentation and
may be present in primary immunoglobulin
light-chain-derived amyloidosis (AL) and
transthyretin-related amyloidosis (ATTR),
either due to misfolded wild-type TTR (pre-
viously defined senile systemic amyloidosis)
or to mutated TTR (also called variant) (2,3).
Cardiac amyloidosis (CA) has an ominous
prognosis that frequently is worse after a
delay in diagnosis and treatment (4-7).
Indeed, whereas ATTR has a recognized, spe-
cificc and sensitive diagnostic tool in
diphosphonate scintigraphy, no imaging
approach is as accurate in adjudicating AL
CA.

Nuclear techniques have emerged as powerful
tools in the diagnosis and characterization of CA. It
has been recently demonstrated that myocardial
uptake of technetium Tc 99m-labeled diphospho-
nates provides a noninvasive confirmation of ATTR
in selected cases (8), whereas it is not useful for
the diagnosis of AL, which currently relies on
the histological demonstration of amyloid fibrils (9)
and requires invasive maneuvers, such as endo-
myocardial biopsy. Recently, some positron emission
tomography (PET)/computed tomography (CT) ra-
diopharmaceuticals developed for the imaging
of beta-amyloid deposits within the brain have
also shown cardiac uptake, but their usefulness
in the diagnostic work-up of patients with CA is
still controversial (10-13). Among such radiotracers,
Fluorine 18 [18F]-Florbetaben, a 18F-labeled stilbene
derivative, has a high binding affinity (Ki =
6.7 nmol/l) to brain beta-amyloid (14), whereas
there is limited evidence on its application for
extracerebral amyloid detection. Two previous
studies have reported cardiac [18F]-florbetaben
uptake in either AL or ATTR CA by using a static
acquisition beginning early after the injection
(15 min) and lasting up to 70 min.
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We aimed therefore to test the diagnostic value of
[18F]-florbetaben PET uptake dynamics for differen-
tial diagnosis of cardiac involvement in patients with
either AL or ATTR CA.

METHODS

PATIENT POPULATION AND PROTOCOL CRITERIA.
Forty patients with biopsy-proven diagnoses of CA
(20 ALs and 20 ATTRs) and 20 patients referred to our
tertiary center with the initial clinical suspicion of CA
and then diagnosed with non-CA conditions were
prospectively enrolled and underwent PET/CT with
[18F]-florbetaben. Patients <20 years of age and those
with coronary artery disease, chronic liver diseases,
and severe renal failure (estimated glomerular filtra-
tion rate <30 ml/min/1.73 m?) were excluded. Diag-
nosis of CA was based on thorough clinical
evaluation, biomarkers (N-terminal pro-B-type natri-
uretic peptide, high-sensitivity troponin T, urine
and/or serum immunoglobulin light chains, plasma
protein electrophoresis, and serum-free light chains),
genetic evaluation for patients with ATTR, electro-
cardiography, Doppler echocardiography, technetium
Tc 99m -hydroxymethylene diphosphonate scintig-
raphy, cardiac magnetic resonance, and histological
evidence of amyloid deposition, according to the
most recent indications (8,15). Following the pre-
liminary results from the first 6 patients (AL, ATTR,
non-CA; n = 2 each) the sample size was estimated at
9 for each group, given a power of 0.95 and a small
effect (G*Power Software, version 3.1, University of
Dusseldorf Department of Psychology, Dusseldorf,
Germany). On this premise, we have finally enrolled
20 patients in each group. Final diagnosis in the
control population included hypertrophic cardiomy-
opathy in 7 patients, hypertensive heart disease in 10
patients, and dilated cardiomyopathy in 3 patients.

The study protocol conformed to the 1975 Decla-
ration of Helsinki and was approved by the institu-
tional ethics committee and by the Agenzia Italiana
del Farmaco committee (EudraCT number: 2017-
001660-38); all patients provided written informed
consent.

PET/CT IMAGING. All studies were acquired on a
Discovery VCT PET/CT scanner (GE Healthcare, Mil-
waukee, Wisconsin) applying a 3-dimensional
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TABLE 1 Clinical, Biohumoral, and Echocardiographic Characteristics of Patients With AL and ATTR Amyloidosis and Those With Non-CA
p Value

AL (n = 20) ATTR (n = 20) Non-CA (n = 20) AL vs. ATTR AL vs. Non-CA ATTR vs. Non-CA  Overall
Male 13 (65) 18 (90) 12 (60) 0.031 0.802 0.009 0.002
Age, yes 67.8 £ 9.3 80.7 £7.2 71.8 £ 1.6 <0.001 0.120 0.007 <0.001
BMI, kg/m? 244 + 4.0 255+ 29 25.7 £ 23 0.261 0.222 0.959 0.389
NYHA functional class I-1I/1ll-IV 7 (36)/13 (64) 14 (70)/6 (30) 15 (75)/5 (25) 0.021 0.021 0.926 0.028
Atrial fibrillation 4 (20) 10 (50) 4 (20) 0.071 0.796 0.045 0.078
Hypertension 8 (40) 10 (50) 9 (45) 0.854 0.565 0.818 0.813
Diabetes 5(25) 2 (10) 3 (15) 0.204 0.560 0.909 0.191
Hemoglobin, g/dl 127 £1.6 127 £1.7 122 +1.8 0.889 0.535 0.303 0.636
eGFR, ml/min/1.73 m? 60.8 + 23.7 62.3 +£20.9 64.9 + 30.1 0.955 0.634 0.527 0.815
NT-proBNP, ng/L 5,766 (2,351-13,953) 2,928 (1,677-7,082) 1,013 (494-4,270) 0.235 0.009 0.039 0.7
hs-Troponin T, ng/l 107.5 (48.1-211.3) 60.4 (38.6-115.9) 29.0 (13.3-72.9) 0.373 0.036 0.040 0.048
Beta-blockers 16 (80) 14 (77) 12 (70) 0.562 0.562 0.756 0.526
ACE inhibitors and/or ARBs 11 (55) 14 (70) 1 (55) 0.432 0.851 0.524 0.135
MRA 14 (70) 10 (50) 1 (55) 0.196 0.046 0.927 0.102
LV ejection fraction 52.8 +10.2 50.3 £11.2 57.5 +£13.1 0.645 0.136 0.070 0.154
Diastolic dysfunction grade—0/1/2/3 1/3/4/12 (5/15/20/60)  1/3/7/9 (5/15/35/45) 1/10/6/3 (5/50/30/15) 0.654 0.009 0.021 0.020
E/e 20.8 + 8.4 20.0 £ 6.2 13.6 £5.2 0.596 0.009 0.002 0.005
LA volume index, ml/m? 227 +5.0 235+ 45 17.6 £+ 4.3 0.692 0.004 0.003 0.004
LV end-diastolic volume index, ml/m? 411+ 8.9 50.3 +16.2 63.2 £19.2 0.035 <0.001 0.016 0.001
LV end-systolic volume index, ml/m? 19.2 £5.0 25.6 +13.3 28.7 £ 171 0.129 0.219 0.925 0.270
LV mass indexed, g/m? 149 + 39 181 + 49 129 + 39 0.044 0.294 0.003 0.009
IVS thickness, mm 169 +£2.8 18.4 £ 3.7 131+33 0.165 0.001 <0.001 <0.001
Posterior wall thickness, mm 152+ 2.8 16.0 + 2.9 NnN5+24 0.329 <0.001 <0.001 <0.001
TAPSE, mm 14.7 £ 35 17.6 + 4.9 191 +£3.2 0.119 0.002 0.341 0.014
PAPs, mm Hg M+£M 43 +7 48 + 22 0.468 0.984 0.310 0.609
Values are n (%), mean =+ SD, or median (interquartile range).

ACE = angiotensin-converting enzyme; AL = immunoglobulin light-chain-derived amyloidosis; ARBs = angiotensin receptor blockers; ATTR = transthyretin-related amyloidosis; BMI = body mass index;
CA = cardiac amyloidosis; eGFR = estimated glomerular filtration rate (Cockroft-Gault); hs = high-sensitivity; IVS = interventricular septum; LA = left atrial; LV = left ventricular; MRA = mineralocorticoid
receptor antagonists; NT-proBNP = N-terminal pro-B-type natriuretic peptide; NYHA = New York Heart Association; PAP = pulmonary artery systolic pressure; TAPSE = tricuspid annular plane systolic
excursion.

acquisition protocol. A low-dose CT was first per-
formed through the heart for attenuation correction
(effective dose of 1 mSv). All patients then underwent
a dynamic cardiac PET/CT scan during the intrave-
nous infusion of 300 MBq/ml of [18F]-Florbetaben
followed by a saline flush of 10 ml (1 ml/s); the
mean whole-body exposure due to the radiopharma-
ceutical was 5.8 mSv. Dynamic images were recon-
structed from the list-mode scan, performed for up to
60 min. A static cardiac scan (delayed static) was also
performed 110 min after [18F]-florbetaben injection.
Images were reviewed on dedicated workstations
(Advantage 4.6 and Xeleris 3.1; GE Healthcare). Each
static cardiac scan was evaluated visually and re-
ported as “positive” or “negative” considering cardiac
visualization, myocardial count uniformity and
background noise, especially when lung activity was
present. Two experienced nuclear physicians (D.G.
and A.G.) performed the qualitative analysis inde-
pendently, and a consensus was reached on all ana-
lyses. Readers were blinded to the patient diagnosis.

Mean standardized uptake value (SUViean) Was
defined as the mean voxel intensity within the
volumetric region of interest (VOI). The molecular
volume (MV) within each VOI was automatically
calculated as the sum of all voxels with SUV =50% of
the SUV,.x assessed in early images in each single
patient. The [18F]-florbetaben cardiac time-activity
curve (TAC) was obtained using dynamic re-
constructions and by manually drawing a myocardial
VOI in the transaxial slice where the left ventricular
shape was best represented; plasma TAC was also
obtained tracing a circular VOI within the left atrial
cavity in the same transaxial slice of the dynamic
scan. Moreover, whole-heart static images were
retrospectively reconstructed from the dynamic list-
mode acquisition between 5 and 15 min (early static),
between 30 and 40 min (intermediate static), and
between 50 and 60 min (late static). Whole-heart
mean SUV  (SUVean), plasma SUVie., (back-
ground), and heart-to-background uptake (H/Bkg)
ratios were calculated on early, intermediate, and
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FIGURE 1 Histological Patterns
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amyloidosis; CA = cardiac amyloidosis.

Representative histological patterns from endomyocardial biopsy obtained with Congo-red (CR) staining and immunostaining for transthyretin
(TTR), kappa, and lambda immunoglobulin light chains. AL = immunoglobulin light-chain-related amyloidosis; ATTR = transthyretin-related

late scans, as well as on static images obtained at
110 min (delayed). The [18F]-florbetaben myocardial
retention index (RI) was calculated as the ratio be-
tween the heart SUVpean and the integral of the
blood pool TAC in each frame of the dynamic
acquisition over a 60-min period after the radio-
tracer injection according to the formula:

RI(t) = TACx(t) / / "TAC,(t)dt

where TACy, = TAC of the heart; TAC, = TAC of blood
pool, t = time, and ' = minutes. Further details on

PET/CT acquisition and analysis protocol are pro-
vided in the Supplemental Methods.

STATISTICAL ANALYSIS. Normal distribution was
assessed by the Kolmogorov-Smirnov test; contin-
uous variables with normal distribution were pre-
sented as mean + SD, whereas those with non-normal
distribution were presented as median (interquartile
range [IQR]); and categorical variables were shown as
percentages. Differences among groups were tested
by 1-way analysis of variance on ranks (Kruskal-Wallis
H test) or by chi-square test, as appropriate. A p value
of <0.05 was considered significant. Kappa statistics
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CENTRAL ILLUSTRATION Cardiac [18F]-Florbetaben Uptake in Patients With and Without CA
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those with non-CA. SUVnean = mean standardized uptake value.

(Upper panel) Fluorine 18 [18F]-florbetaben cardiac positron emission tomography myocardial time-activity curves in patients with
immunoglobulin light-chain amyloidosis (AL) (blue), transthyretin-related amyloidosis (ATTR) (red), and non-cardiac amyloidosis (non-CA)
(gray). The 95% confidence interval is represented as a shaded area for each curve. (Lower panel) Early (5 to 15 min), intermediate (30 to
40 min), and late (50 to 60 min) [18F]-florbetaben cardiac positron emission tomography scans in patients with AL and ATTR CA and in

and SE were calculated to assess the intra- and inter-
observer agreement: kappa values <0.4, between 0.4
and 0.75, and >0.75 were taken to represent poor, fair,
and good agreement, respectively. Statistical analysis
was performed using SPSS version 27 (IBM Corp.,
Armonk, New York)

RESULTS

CLINICAL CHARACTERISTICS. Clinical characteris-
tics and echocardiographic features of the subjects are
summarized in Table 1. Representative histological
patterns are shown in Figure 1. Patients with ATTR,
compared with those with AL and non-CA, were older

and presented with higher left atrial volume and left
ventricular mass index (23.5 + 4.5 ml/m?; p = 0.003 vs.
non-CA; and 129 + 39 g/m? p = 0.003 vs. non-CA,
respectively). Furthermore, whereas patients with
CA presented with worse diastolic dysfunction, no
difference could be observed in terms of left ventric-
ular systolic function when patients with CA were
compared with patients with non-CA.

CARDIAC PET/CT CHARACTERISTICS. Static im-
ages qualitative analysis. A total of 240 static cardiac
scans (4 scans per patient: early; intermediate; late;
and delayed) were evaluated by 2 independent ob-

servers. Images indicated a significant radiotracer
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FIGURE 2 Trend of [18F]-Florbetaben RI for AL, ATTR Amyloidosis and Non-CA Subsets
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A significant difference in retention index (RI) among patients with AL (red) and those with either ATTR (green) or non-CA (blue) is found
within the 20- to 60-min period of observation. No significant difference was found between ATTR and non-CA RI during the whole dynamic
acquisition. 18F = Fluorine 18; other abbreviations as in Figure 1.

myocardial uptake in 121 of 240 scans (50%) for
observer 1 and in 128 of 240 scans (53%) for observer
2; the kappa statistic showed an excellent interob-
server (k = 0.95 + 0.02) and intraobserver (k = 0.98 +
0.02) agreement.

In the AL group, all (n = 80) static images showed
significant radiotracer myocardial uptake (100%); in
the ATTR group, only 22 of 80 scans (28%) presented
myocardial uptake (n = 20 early, n = 2 intermediate,
none among late or delayed scans); in the non-CA
group, only the early acquisitions (n = 16, 20% of
the total) displayed myocardial uptake (Central
Illustration).

Dynamic quantitative analysis. Mean heart TACs for
each group are shown in the Central Illustration. In the
very early phase (0 to 1.5 min from tracer injection),
SUVean Values were significantly greater in patients
with non-CA compared with in those with AL and
ATTR, whereas it did not differ between patients with
AL and those with ATTR. The dynamic phase between
1.5 and 5 min did not show significant differences
among groups. From 5 min onward, uptake in patients
with AL was greater than that in patients with ATTR
and those with non-CA (SUV ean: 5.1; IQR: 4.7 to 5.7;
VS. SUV pean: 1.6; IQR: 1.3 to 2.0; and SUV jean: 1.2; IQR:
0.9 to 1.3, respectively; all p < 0.001). Within the same

time span, uptake in patients with ATTR was also
significantly greater than in the patients with non-CA
(p = 0.001). Mean radiotracer washout between 5 and
60 min evaluated as (SUVpean 5'— SUVean 60°) /
SUViean 5 x 100 was significantly lower for patients
with AL (22%; 95% confidence interval [CI]: 10% to
34%) than for those with ATTR (74%; 95% CI: 71% to
76%; p < 0.001) and those with non-CA (75%; 95% CI:
73% to 77%; p < 0.001); no differences were found
when comparing patients with ATTR and those with
non-CA (p = 0.678).

Figure 2 shows the trend of [18F]-florbetaben RI for
the AL, ATTR, and non-CA subsets, pointing out that
a significant difference in RI between patients with
AL (0.091 min*; IQR: 0.051 to 0.199) and either those
with ATTR (0.022 min—%; IQR: 0.019 to 0.028) or non-
CA (0.023 min~%; IQR: 0.019 to 0.024; p < 0.001 for
both comparisons) is found within the 20- to 60-min
period of observation. No significant difference was
found between ATTR and non-CA RI during the whole
dynamic acquisition.

Quantitative images analysis. In the early static re-
constructions, cardiac SUVe,, was greater in pa-
tients with AL than in either patients with ATTR or
those with non-CA (p < 0.001 for both comparisons),
whereas no difference was found between the
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Cardiac Scans

TABLE 2 Quantitative PET Parameters of Patients With AL and ATTR Amyloidosis and of Subjects With Non-CA at Early, Intermediate, Late, and Delayed Static

p Value
AL (n = 20) ATTR (n = 20) Non-CA (n = 20) AL vs. ATTR AL vs. Non-CA ATTR vs. Non-CA

Early Scan

(5-15 min)

SUVimean 5.55 (4.00-7.43) 2.55 (1.80-2.97) 2.50 (1.60-3.37) <0.001 <0.001 0.960

H/Bkg 4.7 (3.62-6.19) 2.22 (1.79-3.11) 2.11 (1.63-2.77) 0.001 0.002 0.519

MV, ml 208.0 (185.5-290.0) 304.5 (179.0-349.0) 151.0 (100.0-188.1) 0.181 0.002 0.001
Intermediate Scan

(30-40 min)

SUVimean 4.75 (3.70-6.95) 1.45 (1.20-2.10) 1.60 (1.50-1.86) <0.001 <0.001 0.408

H/Bkg 3.89 (2.73-5.48) 1.58 (1.24-1.82) 1.60 (1.44-1.92) <0.001 <0.001 0.322

MV, ml 202.0 (166.5-277.5) 96.5 (66.0-167.0) 28.0 (22.0-38.7) <0.001 <0.001 <0.001
Late Scan

(50-60 min)

SUVimean 4.70 (3.60-6.91) 1.45 (1.15-1.80) 1.60 (1.27-1.87) <0.001 <0.001 0.552

H/Bkg 4.27 (2.45-5.05) 1.73 (1.30-1.82) 1.55 (1.44-1.80) <0.001 <0.001 0.987

MV, ml 200.0 (170.0-238.2) 52.0 (39.0-108.0) 14.0 (9.50-16.9) <0.001 <0.001 <0.001
Delayed

(110 min)

SUVimean 3.50 (2.32-6.10) 1.25 (0.90-1.60) 1.40 (1.20-1.60) <0.001 <0.001 0.361

H/Bkg 2.51 (2.32-4.49) 1.53 (1.00-1.75) 1.50 (1.32-1.65) 0.001 <0.001 0.608

MV, ml 176.0 (145.0-223.0) 20.5 (7.0-37.0) 7.0 (2.0-12.3) <0.001 <0.001 0.008

Values are median (interquartile range).

H/Bkg = heart-to-background uptake ratio; MV = molecular volume; PET = positron emission tomography; SUVmean = mean standardized uptake value; other abbreviations as in Table 1.

patients with ATTR and those with non-CA
(p = 0.960). With regard to the intermediate static
acquisitions, patients with AL had greater cardiac
SUVipean than those with ATTR (p < 0.001) and non-
CA (p < 0.001), whereas no difference was found

between the patients with ATTR and those with non-
CA (p = 0.408). The late static acquisitions SUV ean
values were greater in patients with AL than in those
with ATTR (p < 0.001) and those with non-CA
(p < 0.001) and were similar between the patients

FIGURE 3 MVs in Patients With and Without CA
P <0.001
—
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[18F]-florbetaben positron emission tomography molecular volumes (MVs) assessed at different times (5 to 15, 30 to 40, 50 to 60, and 110 to 120 min)
after tracer injection in patients with AL and ATTR CA and in patients with non-CA. NS = not significant; other abbreviations as in Figure 1 and 2. The
colored symbols refer to the outliers.
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with ATTR and those with non-CA (p = 0.552).
Finally, similar results were obtained at delayed
static acquisitions, showing greater SUV ean Values in
patients with AL compared with those with ATTR
(p < 0.001) and those with non-CA (p < 0.001),
whereas no difference was found comparing patients
with ATTR and those with non-CA (p = 0.361) (Ta-
ble 2). A similar pattern was also observed for H/Bkg
ratio, as reported in detail in Table 2.

Finally, when comparing MV calculated at 15, 40,
60, and 110 min after radiotracer injection, a pro-
gressive decline was found in patients with ATTR and
in those with non-CA, whereas it remained stable
over time in patients with AL (Table 2, Figure 3 and
Supplemental Figure 1).

Data on SUVean, H/BKkg ratio, and RI in the 10- to
30-min time frame, which have been object of
investigation in previous studies, are reported in
Supplemental Table 1, showing significant differences
among the AL, ATTR, and non-CA groups.

DISCUSSION

Our results provide the first evidence that late static
[18F]-florbetaben PET acquisitions can discriminate
cardiac involvement due to AL amyloidosis from
ATTR amyloidosis and from other non-CA conditions
mimicking infiltrative disorders.

In a previous pilot study, Dorbala et al. (10) showed
that an alternative PET radiotracer ([18F]-florbetapir)
could differentiate patients affected by either sub-
type of CA from healthy control subjects (n = 10).
Nonetheless, in their study, the investigators did not
test: 1) in a dedicated analysis; 2) the differences be-
tween ATTR or AL; nor 3) extend the uptake analysis
beyond 30 min, thus concluding that [18F]-florbetapir
could discriminate patients with either amyloidosis
subtype from control subjects (who were not indeed
selected based on the clinical suspicion of CA) (10).
Furthermore, in a paper by Osborne et al. (16), anal-
ysis of TACs following [18F]-florbetapir injection,
revealed significant differences in estimates of
washout rates for patients with CA versus healthy
control subjects.

Similar findings were reported in another case-
control study, showing that [18F]-florbetaben PET
had a significant greater cardiac uptake in patients
with either AL or ATTR CA than in control sub-
jects (n = 5, 5, 4, respectively). In such study, the
investigators dynamically evaluated the cardiac
uptake of the radiopharmaceutical performing an
80’ list-mode acquisition and then obtained static
images for qualitative and semiquantitative evalu-
ation (11), but they could not report significant
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differences between patients with ATTR and those
with AL. Such inconsistency with our findings may
be due to the early analysis by Law et al. (11),
who performed a semiquantitative assessment on
static images reconstructed between 5 and 10 min
after radiotracer injection, well before the time
span we have reported to provide discriminating
value.

There is recent evidence from a small series of
patients with CA that myocardial tracer retention is
greater in AL than in ATTR amyloidosis using a 30-
min dynamic [18F]-florbetaben-PET/CT acquisition
(17), whereas no major difference was reported
among disease subtype in terms of visual assessment
of cardiac uptake.

The semi-quantitative analysis approach used in
this series, performed at different time points up to
110 min after radiotracer injection, allowed us to
demonstrate the time-course radiotracer uptake in AL
and ATTR CA and in patients presenting with initial
clinical suspicion of CA and finally adjudicated to
alternative diagnosis. We observed that, whereas
early uptake is similar between AL and ATTR
amyloidosis, later acquisitions show a significantly
greater uptake in patients with AL compared with
those with ATTR or without CA. Therefore, a quali-
tative evaluation of a late scan obtained at least
30 min after radiotracer injection can reliably
discriminate cardiac involvement due to AL
amyloidosis from ATTR amyloidosis and from non-
amyloidotic cardiomyopathy. Also, the greater MV
values despite lower left ventricular mass in AL
versus ATTR suggests the presence of a type-specific
amyloid binding-affinity of [18F]-florbetaben, as
further confirmed by the dynamic differences in
terms of SUV,ean Values and H/Bkg ratios. Further-
more, dedicated studies are needed to investigate the
molecular mechanisms underlying the differential
behavior of the tracer in AL and ATTR amyloidosis.

The time course of myocardial RI indicates that the
difference in uptake between AL and both ATTR and
non-CA subsets is significant within the 20- to 60-min
period after the radiotracer injection, covering the
intermediate and late scan periods.

Although serial quantitative analysis performed
along the whole acquisition period provides evidence
of significant differences between patients with ATTR
and nonamyloidotic cardiac involvement in terms of
cardiac uptake and of MV, further studies are needed
to confirm a possible role of [18F]-florbetaben PET in
providing a single test discrimination in patients with
suspected CA. Still, our study was underpowered to
identify disease-specific
SUVmean and MV.

diagnostic cutpoints of
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We have finally observed a higher amplitude of
TAC in the first seconds of myocardial distribution in
patients without CA, which is possibly related to
better hemodynamics and microvascular function
than are found with AL and ATTR.

Our results, when confirmed on a larger basis, may
support a central role of [18F]-florbetaben PET imag-
ing in the diagnostic flowchart of patients presenting
with suspected CA. Scintigraphy with diphospho-
nates is currently recommended as a cornerstone
examination in patients with suspected CA: intense
cardiac uptake without biohumoral evidence of
monoclonal component is diagnostic for ATTR,
whereas other tests including cardiac magnetic reso-
nance and histological amyloid confirmation are
required in patients with no or mild uptake, as well as
in patients with monoclonal component. Nonethe-
less, although an overlap exists in the clinical pre-
sentation of AL and ATTR amyloidosis, clinical
suspicion is often oriented toward one of either sub-
type. Although scintigraphy with diphosphonates
may be a first-line diagnostic test in subgroups with
higher suspicion of TTR-related amyloidosis, [18F]-
florbetaben PET could be considered as the first
rule-in tool in patients with clinically suspected AL
amyloidosis. A timely diagnosis is potentially life-
saving in patients with AL amyloidosis, in particular
when cardiac involvement is present, and may hasten
the initiation of disease-specific treatment. [18F]-
florbetaben PET may represent a single, noninvasive
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we do provide a thorough clinical, biohumoral, and
instrumental characterization of all subjects,
including amyloid histological demonstration. As a
second point, because none of our patients had
mutated ATTR, our results cannot be extended to
patients with hereditary forms of ATTR. Finally, a
conventional PET/CT scanner was used in our study
with a 3-dimensional technology; higher discrimina-
tory performances may be expected from novel digi-
tal PET/CT scanners.

CONCLUSIONS

Delayed [18F]-florbetaben cardiac uptake may
discriminate CA due to AL from either ATTR or other
mimicking conditions. [18F]-florbetaben PET/CT may
represent a promising noninvasive first-step tool for
the diagnosis of AL amyloidosis, which is still often
challenging and delayed.

ADDRESS FOR CORRESPONDENCE: Dr. Michele
Emdin, Scuola Superiore Sant’Anna and Fondazione
Toscana Gabriele Monasterio, Via Giuseppe Moruzzi 1, 56124
Pisa, Italy. E-mail: emdin@ftgm.it OR m.emdin@
santannapisa.it. Twitter: @MicheleEmdin.

PERSPECTIVES

COMPETENCY IN PATIENT CARE AND PROCEDURAL

diagnostic tool for AL amyloidosis, thus potentially SKILLS: Cardiac involvement from AL amyloidosis holds a poor

contributing to improving the time to diagnosis.
Moreover, although the mean exposure in our cardiac
PET study was lower than the [18F]-florbetaben
exposure reported for cerebral scans (see the
Supplemental Methods), the use of digital PET/CT
scanners may be associated with further reduction of
radiation exposure.

prognosis and its diagnosis often requires histological demon-
stration by endomyocardial biopsy. Late [18F]-florbetaben PET/
CT scans efficiently discriminate AL CA from ATTR and from other
conditions mimicking amyloidosis.

TRANSLATIONAL OUTLOOK: Prospective assessment of the
efficacy of [18F]-florbetaben PET/CT in identifying cardiac

. involvement from AL amyloidosis in a multicenter trial may
STUDY LIMITATIONS. First, we have enrolled a low

number of patients. Still, our series is by far the
largest studied so far with [18F]-florbetaben PET, and

support its use as a noninvasive diagnostic tool.
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