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The diagnosis of cardiac amyloidosis is often
delayed due to a myriad of clinical presentations, non-
specific elevation of serum cardiac biomarkers, and
prevailing knowledge deficit about the disease. Recent
advances in multimodality cardiovascular imaging
including  transthoracic  echocardiography-derived
speckle tracking imaging, cardiac magnetic resonance
(CMR), and radionuclide imaging techniques have led to
a paradigm shift in the non-invasive diagnosis of cardiac
amyloidosis."> An apical sparing pattern of abnormal
longitudinal strain on speckle tracking echocardiography
has been demonstrated to enhance the diagnostic accu-
racy for cardiac amyloidosis,” though in patients with
chronic kidney disease, a greater number of false-posi-
tive apical sparing patterns may reduce the accuracy for
this technique.* Moreover, echo and CMR predomi-
nantly provide structural and functional data, and a
distinction between transthyretin amyloid cardiomy-
opathy (ATTR-CM) and light chain amyloid
cardiomyopathy (AL-CM) is not achievable. Such dis-
tinction in a timely manner is crucial to guide treatment
with recently developed targeted drugs for ATTR-CM,’
or chemotherapy-based regimens or stem cell transplant
for AL-CM.°
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Cardiac scintigraphy with bone avid radiotracers -
pyrophosphate (PYP), 3,3-diphosphono-1,2-propanedi-
carboxylic acid (DPD), and hydroxymethylene
diphosphonate (HMDP) labeled with °*™technetium
(®™Tc) has been shown to have high specificity for the
non-invasive diagnosis of ATTR-CM, in the absence of
a monoclonal gammopathy.” Although this approach has
been validated in individuals with typical structural
changes of ATTR-CM and heart failure, the sensitivity
of this technique for detection of early ATTR-CM is not
known. Early diagnosis of ATTR-CM is now more
imperative than ever before. A recently developed
transthyretin stabilizer, tafamidis,5 that targets the pre-
cursor protein has significantly improved survival.
However, it is expensive (> $200,000/year) and is
associated with non-response (no response or death by
30 months) in nearly 30% patients. One of the key
proposed reasons for a lack of response to tafamidis
therapy is initiation of treatment in patients with late
stage ATTR-CM with advanced heart failure (‘‘point of
no return’’). Therefore, an imaging modality that is able
to diagnose this disease early allowing patients to gain
maximum benefit from cutting-edge therapies is war-
ranted. Furthermore, at present there are very limited
data on the usefulness of serial SPECT or CMR/
echocardiography imaging for assessment of disease
progression or response to therapy.®

Targeted amyloid-binding radiotracers for positron
emission tomography (PET), '®F-florbetapir,
flutemetamol, -florbetaben, and 11C—Pittsburgh Com-
pound-B (''C-PIB), were originally developed for B-
amyloid imaging in Alzheimer’s disease. The structure
of the PET amyloid tracers is fundamentally similar to
thioflavin-T, and they likely bind to the beta-pleated
motif of amyloid fibril which explains their ability to
detect all amyloid deposits, independent of the precursor
protein.' An added advantage of the '®F-labeled
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radiotracers is a long half-life of 109.7 minutes, making
it feasible for unit dose delivery to sites without a
cyclotron and thereby increasing their availability.
Notably, amyloid PET tracers are the only clinically
accessible radiotracers that effectively image AL-CM.
]8F-ﬁ0rbetapir, -flutemetamol, -florbetaben, and ''C-
Pittsburgh Compound-B (''C-PIB) have been demon-
strated to successfully image AL-CM and ATTR-CM
(Table 1). Both static semiquantitative metrics (target-
to-blood pool ratio) and quantitative metrics (standard
uptake value, SUV, or cardiac retention index, RI) of
amyloid tracer PET imaging have demonstrated value
for the diagnosis of cardiac amyloidosis (Table 1).
Quantitative PET may prove to be extremely valuable
for the non-invasive diagnosis of early cardiac amyloi-
dosis and detection of change in amyloid burden with
serial imaging."” Indeed, emerging data suggest that
"8F_florbetapir'® and ''C-PiB'" PET can diagnose early
AL-CM, prior to increased LV wall thickening or car-
diac biomarker release.

In this issue of the journal, Papathanasiou et a
sought to investigate the accuracy of '*F-flutemetamol
for the diagnosis of cardiac amyloidosis in 17 subjects
(ATTR-CA = 10, AL-CA = 2, non-amyloid heart failure
controls = 5), using PET/MRI (13 subjects) and PET/CT
(4 subjects). A dose of 5 = 0.5 mCi of 8E_flumetamol
was used. Dynamic PET imaging starting with the
injection of '®F-flutemetamol was performed in 5 sub-
jects for 30 minutes. The remaining 12 subjects were
imaged for a mean of 78 minutes post injection (all
except one subject were imaged starting > 59 minutes
post injection), for one cardiac bed position of unclear
duration. Only two of the 12 amyloidosis subjects (17%)
showed visually increased myocardial tracer uptake.
These subjects showed a calculated retention index of
0.072 and 0.067 (similar ranges described in the litera-
ture for other tracers). Although SUVmax, SUVmean,
TBRmax and TBRmean values trended higher in sub-
jects with cardiac amyloidosis, they did not differ
statistically from controls.

Table 1 summarizes the emerging body of literature
from several different centers on imaging of cardiac
amyloidosis using PET tracers. Most initial studies
included small sample sizes and included subjects with
AL-CM and ATTR-CM. But, as shown in that table, the
collective multicenter experience of amyloid tracer PET
imaging, and specifically with '®F-flutemetamol, and in
ATTR-CM, is limited and the findings of this single
center study are important as they add to this emerging
knowledge.

The authors discuss that this is the first study to
demonstrate a low sensitivity for an amyloid-binding
PET tracer to detect amyloid in the heart. This
provocative idea, if valid, may have important clinical
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implications. We believe that three key factors—patient
characteristics, protocol factors, tracer characteristics—
may explain the reported low myocardial '®F-
flutemetamol activity reported in this study.

First, there is heterogeneity of patient cohort and
imaging protocols. Of the 12 subjects with cardiac
amyloidosis, only 2 had AL-CM, and these results are
thus not applicable to AL-CM. The small (N = 10)
ATTR cohort size limits meaningful reporting of test
performance metrics such as test sensitivity. Even within
this small group, there was heterogeneity in post-injec-
tion image timing (and variation in scanner use, PET/CT
and PET/MR).

Next, this study predominantly included ATTR-CM
subjects. Prior patient studies of amyloid PET tracers,"?
and an autoradiography study with '®F-florbetapir,'*
have shown that compared to AL-CM, myocardial sig-
nal is low in ATTR-CM. The dose of '*F-flutemetamol
was only 5 mCi (lower than reported with other PET
amyloid tracers), the duration of one bed position car-
diac imaging'"'® is not reported, and images were
acquired late. Also, imaging was performed later after
injection of '®F-flutemetamol. In contrast to prior studies
where myocardial uptake was reported in cardiac amy-
loidosis in images obtained < 30 minutes post injection
of the PET tracer (Table 1), in the current study all
images except in 1 subject were obtained > 59 minutes
post injection.'? Several studies using '*F-florbetaben, '
18F—ﬁutemetamol,”’ and 18F—ﬂorbetapir,13 have demon-
strated that myocardial signal is low in patients with
ATTR-CM and non-amyloid controls specifically on the
images obtained more than 30 minutes after injection of
tracer. Indeed, a study of published myocardial and
blood pool time activity curves reveals that the maximal
separation of myocardial amyloid PET tracer activity
between control and ATTR-CM subjects is between 5 to
15 minutes post injection.'"'*'> Prior studies also
showed that myocardial PET tracer signal is low in
ATTR-CA compared to AL-CA. The significantly
delayed post-injection acquisition of images with a low
radiotracer dose, and in a study cohort of predominantly
ATTR-CM npatients are the likely reasons for the low
myocardial signal of '®F-flutemetamol in this study.

Finally, tracer-related differences may explain the
discordant findings of this study compared to prior
studies. Only systematic studies of '®F-flutemetamol
PET with imaging at earlier time points and in larger
cohorts of participants with ATTR-CM and AL-CM can
clarify that point.

Despite these caveats, this cardiac amyloidosis
study, with results contrary to prior publications on
amyloid-binding PET tracer imaging, is thought pro-
voking. The results of this study support data from prior
literature and suggest that future studies of 'SF-
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flutemetamol in cardiac amyloidosis ought to avoid
delayed imaging. When developing protocols for a novel
tracer whose cardiac tracer kinetics are not well defined,
a dynamic image acquisition over a wide range of time
periods, in this case first 60 minutes, may be helpful to
determine the optimal imaging time. Large multicenter
studies using standardized protocols are much needed to
establish the diagnostic accuracy of amyloid tracer PET
imaging in cardiac amyloidosis. As targeted therapies
for ATTR-CM and lifesaving therapies for AL-CM are
now available, and antifibril therapies are currently
under development, this emerging field needs a specific
and quantitative measure of myocardial amyloid burden.
Targeted amyloid-binding PET tracer imaging has an
important role to play and the timing is now!
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