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Background. Development of noninvasive imaging modalities to quantify amyloid burden
over time is an unmet clinical need. Technetium pyrophosphate (**™Tc-PYP) scintigraphy is a
simple and widely available radiotracer useful to differentiate transthyretin from light-chain
amyloidosis in patients with advanced cardiac amyloidosis. We examined the utility of serial
9mT¢-PYP scanning to quantify amyloid burden over time in TTR cardiac amyloidosis (ATTR-
CA).

Methods and Results. Twenty subjects with ATTR-CA (10 wild type, 10 mutant) underwent
serial **™Tc-PYP planar cardiac imaging. Cardiac retention was assessed both semiquantita-
tively (visual score 0, no uptake to 3, uptake greater than bone) and quantitatively (region of
interest drawn over the heart, copied, and mirrored over the contralateral chest) to calculate a
heart-to-contralateral (H/CL) ratio. Index scan mean visual score and H/CL were 3.0 = 0.2 and
1.79 £ 0.2, respectively, and after an average 1.5 + 0.5 years follow-up, did not differ, 3.0 £ 0.2,
P = 33 and 1.76 + 0.2, P = .44. H/CL change was minimal, 0.03 + 0.17, did not correlate with
time between scans, r = 0.19, P = .43, and was observed despite obvious clinical progression
(increase in troponin = 0.1 ng/mL, BNP = 400 pg/mL, NYHA class, and/or death).

Conclusions. Serial **™Tc-PYP scanning in subjects with advanced ATTR-CA does not
show significant changes over an average 1.5 years of follow-up despite obvious clinical pro-
gression. (J Nucl Cardiol 2016;23:1355-63.)
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Abbreviations

AL Amyloid light-chain

ATTR Transthyretin amyloidosis

EF Ejection fraction

HFpEF Heart failure preserved ejection
fraction

ROI Region of interest

99mTe. Technetium pyrophosphate

PYP

See related editorial, pp.1364-1367

INTRODUCTION

The systemic cardiac amyloidoses (CA) are an
increasingly recognized and potentially treatable cause
of heart failure with preserved ejection fraction (HFpEF)
in older adults." While at least 3 different subtypes of
cardiac amyloidosis share the general mechanism of
extracellular fibrillary protein deposition leading to
tissue and organ dysfunction, each has a different
clinical course and treatment strategy.” In light-chain
(AL) cardiac amyloidosis, fibrils comprise immunoglob-
ulin light chains produced by a clonal plasma cell
population. Treatment involves chemotherapeutic agents
and at times bone marrow transplantation aimed at
eradicating the hyperproliferative plasma cell. In con-
trast, in the transthyretin cardiac amyloidoses (ATTR),
misfolded monomers and dimers of normally tetrameric
transthyretin protein (TTR) from either mutant TTR
(ATTRm, also known as familial amyloid cardiomy-
opathy) or wild-type TTR (ATTRwt, also known as
senile systemic amyloidosis) deposit in the myocardium,
lead to diastolic and systolic dysfunction, arrhythmias,
restrictive cardiomyopathy, and heart failure. Treatment
involves conventional heart failure management and in
select individuals, liver and/or heart transplantation.
Over the past several years, however, a number of
potentially disease-modifying treatment strategies have
emerged and are now in human clinical trials for the
treatment of ATTR cardiac amyloidosis.”

The gold standard for definitive diagnosis of cardiac
amyloidosis is endomyocardial biopsy coupled with
either immunohistochemistry or, even more specific,
mass spectroscopy. Unfortunately, these diagnostic
requirements are typically performed only in specialized
centers, and do not provide sufficient information about
the extent or distribution of cardiac amyloidosis, disease
progression, or response to treatment, and in practice
can lead to delayed care. Additionally, many older
adults are reluctant to undergo invasive procedures.
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A clinical unmet need in this arena is the development
of a noninvasive imaging modality that can diagnose cardiac
amyloid, differentiate AL from ATTR subtypes, quantify the
extent of myocardial amyloid infiltration, and monitor
disease progression and response to treatment. This quest for
serial cardiac imaging using technetium pyrophosphate
(**™Tc-PYP) to quantify amyloid burden has been ongoing
since the 1980s without significant advancement.*’
Recently, quantitative *”™Tc-PYP cardiac imaging was
shown to be a useful method with 97% sensitivity and 100%
specificity for differentiating AL vs ATTR cardiac amyloi-
dosis in patients with advanced disease.® However, the utility
of this technique to monitor disease progression is unknown.
In light of emerging disease-modifying therapies and the
future need for disease monitoring over time, we sought to
determine the utility of serial **™Tc-PYP scanning for
ATTR cardiac amyloidosis. We hypothesized that **™Tc-
PYP scanning would be able to identify significant changes
in myocardial tracer retention over time that correlated with
clinical disease progression.

METHODS

Patient Population

Patients with ATTR-related cardiac amyloidosis undergoing
routine follow-up at the Columbia University Center for
Advanced Cardiac Care participated in this study. The protocol
was approved by the Columbia University IRB and subjects
provided informed consent. 20 patients (10 ATTRwt and 10
ATTRm, including 8 with Vall22Ile and 2 with Thr60Ala
mutations) were enrolled. Inclusion criteria included a previous
9MTe-PYP scan demonstrating myocardial enhancement with
heart-to-contralateral (H/CL) ratio > 1.5° and evidence of TTR
amyloid by standard criteria including (1) biopsy proven ATTR-
CA (n = 17) or (2) documented amyloidogenic TTR mutation by
DNA analysis and echocardiographically defined evidence of
amyloid cardiomyopathy (thickness of the left ventricular septum
or posterior wall >12 mm without another cause of hypertrophy)
without evidence of a plasma cell dyscrasia (n = 3 confirmed
Vall22Ile mutation). Exclusion criteria included women of
childbearing potential, minors, and inability to provide informed
consent or lie still for 15 minutes under the camera.

Study Design

This was a single-center, blinded, prospective cohort
design aimed at evaluating whether **™Tc-PYP serial scanning
could be used to evaluate the progression of ATTR cardiac
amyloidosis in 20 subjects previously diagnosed with the
disease. All subjects with known intense myocardial enhance-
ment on **™Tc-PYP scan (H/CL > 1.5) and confirmed ATTR
cardiac amyloidosis underwent a second **™Tc-PYP scan as
described below. Scans were performed and interpreted by
experienced nuclear cardiologists blinded to subjects’ clinical
information (including amyloid subtype and mutation status)
and prior **™Tc-PYP scan result.
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Clinical, Laboratory, and Transthoracic
Echocardiography Follow-Up

All subjects underwent routine follow-up at the Columbia
Center for Advanced cardiac care. In additional to baseline and
follow-up clinical examinations, patients underwent serial
serum biomarker screening, including troponin I and brain
natriuretic peptide (BNP), along with serial transthoracic
echocardiography at the discretion of the treating cardiologist.
Standard definitions of chamber quantification, valvular
pathology, and myocardial function were read according to
the American Society of Echocardiography definitions.” In
addition, myocardial contraction fraction (MCF), a novel
measure of myocardial function, was calculated as the ratio of
stroke volume to myocardial volume.®

Serial *™Tc-PYP Scintigraphy

The second *’™Tc-PYP cardiac scan was performed
similar to the baseline scan using the same dual-head Philips
Precedence SPECT/CT camera (Philips Healthcare, Guildford,
United Kingdom) equipped with low-energy, high-resolution
collimators. The anterior and lateral planar images were
acquired for a total of 750,000 counts with the heart centered in
the field of view. For the second scan, patients received
10 mCi of *™Tc-PYP IV (baseline dose ranged 15-25 mCi)
and planar images were obtained at 1 hour over 6-8 minutes
duration for the 10 mCi dose and 3-4 minutes duration for the
15-25 mCi dose. The acquisition parameters used for planar
imaging were 256 x 256 matrix with 1.46 zoom factor.

Cardiac retention was assessed with a semiquantitative
visual score (range: 0, no uptake to 3, uptake greater than
bone) and with and quantitative measure of heart retention
calculated by drawing a region of interest (ROI) over the heart
in the standard manner (Figure 1). A circular ROI was drawn
over the heart, copied, and mirrored over the contralateral
chest to normalize for background uptake in the ribs. Mean
total heart ROI counts were measured and corrected for
contralateral chest ROI counts by calculating a heart-to-
contralateral (H/CL) ratio. In addition, a subjective interpre-
tation of worsening was performed by comparing baseline and
follow-up scans side-by-side with the reader blinded to visual
score and H/CL ratio.

The reproducibility of the semiquantitative visual score,
quantitative HCL ratio, and subjective interpretation was
examined with inter- and intra-observer variability. For inter-
observer variability (between readers), two nuclear cardiolo-
gists blinded to the patients’ clinical information (including
mutation status and baseline *™Tc-PYP scan result) indepen-
dently read *™Tc-PYP images assessing visual score, H/CL
ratio, and subjective worsening. For intra-observer variability
(within reader), two nuclear cardiologists read each scan twice
>1 month apart assessing visual score and H/CL ratio.

Statistical Analyses

Demographic, laboratory, and imaging data were col-
lected and analyzed with descriptive statistics using
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Visual Cardiac Score
0 Absent Myocardial Uptake
1 Myocardial Uptake < Bone
2 Myocardial Uptake = Bone
3 Myocardial Uptake > Bone

Visual Score 3

B

Heart-to-Contralateral Ratio

O @

" Heart ROI Mean Counts Per Pixel
H/CL Ratio =
Contralateral ROI Mean Counts Per Pixel

H/CL Ratio 1.88

Figure 1. Semiquantitative and quantitative analysis of
9MTc.PYP myocardial uptake. Semiquantitative analysis
(A): visual cardiac score, which was assigned 0-3 according
to the scale detailed. The representative image demonstrates a
visual cardiac score of 3. Quantitative analysis (B): heart-to-
contralateral ratio was calculated by drawing a region of
interest over the heart, copying and mirroring it to the
contralateral chest and calculating the ratio of heart ROI mean
counts to contralateral ROI mean counts. The representative
image demonstrates a H/CL ratio 30/16 = 1.88. H/CL, heart-
to-contralateral; ROI, region of interest.

mean + standard deviation for continuous variables and as
relative percentages or median (range) for categorical vari-
ables. Statistical analyses were performed using Statistical
Analysis Software version 9.4 (SAS Institute, Inc., Cary, NC).
Continuous variables were tested for the assumption of
normality using the Shapiro-Wilk test for normality. Compar-
isons between baseline and follow-up scans were analyzed
using a student’s T test for paired comparisons for normally
distributed continuous variables, a Wilcoxon signed-rank sum
test for non-normally distributed continuous variables, X~ test
for categorical variables, and Fisher’s Exact Test for categor-
ical variables with small cell counts on level of significance
5%. Comparisons between categorical and continuous vari-
ables were analyzed using logistic regression. In 20 paired
subjects, this study was powered at 80% to detect a true H/CL
difference of 0.13. Reproducibility of scans in terms of inter-
and intra-observer variability was analyzed with a Kappa
statistic for the visual score and subjective interpretation and
with an interclass correlation coefficient (ICC) for the contin-
uous H/CL ratio.’

RESULTS

Demographics of Study Population

Twenty patients with transthyretin cardiac amyloi-
dosis (10 ATTRwt and 10 ATTRm) were enrolled and
completed the study protocol. Patients with ATTRm



1358 Castafio et al.

Serial scanning with ™ Tc-PYP in ATTR cardiac amyloidosis

cardiac amyloidosis had the following TTR mutations:
Vall22lle (n = 8) and Thr60Ala (n = 2). The majority
of subjects were elderly men, mean age 74 + 6 years
old, with a racial distribution representative of a North
American population with ATTRm (Table 1). Comorbid
conditions included hypertension 58%, coronary artery
disease 37%, diabetes 11%, chronic kidney disease 37%,
and history of cerebral vascular accident 11%.'° Two
patients were treated with Tafamidis, the TTR stabiliz-
ing agent. Mean duration of disease from symptom onset
to time of first **™Tc-PYP scan was 5.0 = 1.1 years.
Mean time between scans was 1.5 + 0.5 years.

Clinical, Biochemical, and
Echocardiographic Data at Baseline and
Follow-Up

At baseline, patients had a phenotype consistent
with ATTR symptomatology described previously.
Functionally, patients had a median baseline NYHA
class 2 (range 2) with a mildly decreased left ventricular
ejection fraction (LVEF) 42 + 17%, increased wall
thickness 1.7 + 0.3 cm, and severely depressed myocar-
dial contraction fraction 16.3 + 7.3.

During follow-up, clinical disease worsened signif-
icantly (Table 2). Obvious clinical progression defined
as increase in troponin I >0.1 ng/mL, bran natriuretic
peptide (BNP)> 400 pg/mL, New York Heart Associ-
ation (NYHA) class, progression to heart transplantation
and/or death was observed in 18 patients (90%).
Between baseline and follow-up, mean NYHA class,
creatinine, estimated glomerular filtration rate (eGFR),
troponin I, and BNP worsened significantly. Notably,
there were no significant changes in albumin, modified
body mass index (mBMI), LVEF, myocardial wall
thickness, or MCF. As of December 2014, ten patients
(50%) died and one patient had progressed to require
orthotopic heart transplantation (OHT) (mean time to
death or OHT 3.5 + 0.4 years) and these outcomes did
not differ by mutation status (P = .99), tafamidis
treatment (P = .4), or H/CL ratio (P = .4).

Serial *°™Tc-PYP Cardiac Imaging

A representative example of **™Tc-PYP cardiac
uptake between baseline and follow-up is shown in
Figure 2. Cardiac retention reflected by semiquantitative
visual score or quantitative H/CL ratio did not change
between scans despite obvious progression of clinical
disease (Table 3). Upon side-by-side comparison of
baseline and follow-up scans, only Subject 17 (1 out of
20 subjects, 5%) was interpreted as having worsened
subjectively, while the remainder (95%) had unchanged
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Table 1. Mean baseline demographic and clini-
cal parameters of the ATTR patients, N = 20

Mean * SD,
N (%)
Demographics
Age (Years) 74 + 6
Male gender 18 (90)
White race 12 (60)
African American race 6 (30)
Hispanic race 2 (10)
ATTR wild-type 10 (50)
ATTR mutant 10 (50)
V1221 8 (40)
T60A 2 (10)
Mean symptom duration 5+ 1.1
(Years)
Mean follow-up (Years) 1.5+ 0.5
Comorbid conditions
Hypertension 11 (55)
Coronary artery disease 7 (35)
Diabetes 2 (10)
Chronic kidney disease 7 (35)
Cerebral vascular accident 2 (10)
Medications
TTR stabilizer (Tafamidis) 2 (10)
Beta-blocker 9 (45)
Loop diuretic 18 (90)
ACE inhibitor or ARB 7 (35)
Aldosterone antagonist 15 (75)
Calcium channel blocker 2 (10)
Statin 13 (65)

V122l, valine substitution with isoleucine at position 122;
T60A, threonine substitution with alanine at position 60; ACE,
angiotensin-converting enzyme; ARB, angiotensin receptor
blocker

scans. There was no significant change between first and
second scans in semiquantitative visual score (3 [range
0] and 3 [range 2]), P = .31] or H/CL ratio (1.79 = 0.2
and 1.76 £ 0.2, P = .44). The mean change that did
occur in H/CL ratio was minimal, 0.03 + 0.18, and was
not significantly correlated with duration between first
and second scan (r = 0.19, P = .43). Of the 7 patients
that showed an increase in H/CL ratio, 6 (3 ATTRm, 3
ATTRwt) had an increase >0.13 (the difference which
this study was powered to detect) but displayed no
difference in disease severity, biomarkers, or disease
progression compared to the rest of the cohort. H/CL
ratio change was not significantly different between
subjects who experienced obvious disease progression
compared to those who did not (Progressors: N = 18, H/
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Table 2. Clinical, biochemical, and echocardiographic characteristics: baseline and follow-up at mean
553 + 119 days between scans and P values shown, N = 20

Baseline Follow-up P Value
Clinical
NYHA class 2 (2) 3(2) <.0001
Biochemical
Creatinine (mg/dL) 1.3+0.3 1.5+ 0.5 .01
eGFR (mL/min) 73 + 27 64 + 26 .003
Albumin (g/dL) 4.1 +04 4 +0.5 .32
mBMI (kg g/m2 dL) 106 + 21 102 + 23 .31
Troponin I (ng/mL) 0.09 + 0.06 0.15 £ 0.15 .01
BNP (pg/mL) 616 £ 635 1202 £ 1108 .008
Calcium (mg/dL) 9.4 + 0.6 9.2 +0.7 .19
Corrected calcium (mg/dL) 9.3 +0.6 9.2 +0.6 .32
Echocardiographic
LV ejection fraction (%) 42 + 17 37+ 19 .35
LV end diastolic diameter (cm) 4.4 + 0.7 43 +0.6 40
Interventricular septal thickness (cm) 1.7 £ 0.3 1.7 £ 0.3 72
LV posterior wall thickness (cm) 1.6 £+ 0.3 1.5+0.3 .52
LV mass (gm/m?) 301 £ 75 293 + 47 .19
Myocardial contraction fraction 16.3+7.3 12.7 £ 5.1 .83

Continuous data are expressed as mean * SD and categorical NYHA class is expressed as median (range)
NYHA, New York Heart Association; eGFR, estimated glomerular filtration rate; mBMI, modified body mass index; LV, left ventricle;

CL, contralateral; H/CL, heart-to-contralateral ratio

P < .05 considered significant by paired T test or Wilcoxon signed-rank test for continuous variables and Chi-square test for
categorical variables. Fisher’s exact test was used for categorical variables with small cell counts

CL change 0.4 + 0.18, Non-Progressors: N = 2, H/CL
change 0.7 £ 0.11, P = .4). In addition, H/CL ratio
change between baseline and follow-up was not signif-
icantly different between TTR subtypes (ATTRm: —
0.06 + 0.02, ATTRwt: —0.002 = 0.17, P = 4).

9MTc_PYP semiquantitative visual score, subjec-
tive interpretation of disease progression, and
quantitative H/CL ratio were highly reproducible. For
the visual score, inter- and intra-observer variability
demonstrated 100% agreement. The subjective interpre-
tation of disease progression also demonstrated 100%
agreement between readers. For the H/CL ratio, agree-
ment was high with between reader ICC 0.94 (95% CI
0.81, 0.98) and within reader ICC 0.88 (95% CI 0.63,
0.96).

DISCUSSION

The results of this study show that in patients with
advanced cardiac amyloidosis, clinical disease pro-
gressed over an average 1.5 years follow-up in the
absence of discernible changes in myocardial tracer
retention on “*™Tc-PYP scanning. An important over-
arching goal for the application of nuclear technologies

to noninvasively image cardiac amyloidosis is to define
the temporal relationship between cardiac fibril deposi-
tion, clinical symptoms, and cardiac radiotracer uptake
through the lifespan of an affected individual. Elabora-
tion of these dynamic processes with reliable
noninvasive cardiac imaging techniques will be relevant,
not just for tracking disease progression over time, but
also for monitoring response to treatments in individual
patients as amyloid therapies emerge from clinical
trials.'"7

Currently, the molecular mechanism responsible for
9MT¢-PYP binding to amyloid fibrils in the myocardium
is unknown. One theory is that **™Tc-PYP may bind to
amyloid deposits in a calcium-dependent manner. Cal-
cium is known to enhance the affinity of human serum
amyloid protein P (SAP) to several different types of
amyloid fibrils as well as its ability to self-aggregate and
resist proteases.'®>! Perhaps different amounts of cal-
cium in different tissues may explain varying degrees of
99MTc-PYP tissue-specific uptake. Another hypothesis is
that the intensity of **™Tc-PYP binding relates to the
duration over which amyloid deposition has occurred in
the affected tissue. This may explain the known fact that
9mTc-PYP myocardial enhancement is significantly
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Figure 2. Serial “™Tc-PYP scintigraphy scanning for cardiac
amyloidosis. Raw images of *™Tc-PYP cardiac uptake in a
representative patient at baseline (A) and follow-up (B). Mean
time between scans was 1.5 years. Individual H/CL ratios for
the 20 study subjects are depicted at baseline and follow-up
(C) with mean = SD (red line). H/CL, heart-to-contralateral
ratio; SD, standard deviation.

higher among patients with ATTR,® whose disease
course is typically indolent compared to patients with
AL, where toxic fibrils accumulate over a shorter time
period.

In the current study, the observation of unchanged
9MTc-PYP cardiac uptake between scans yields several
possible interpretations about the pathophysiology and
dynamics of cardiac amyloid deposition and its rela-
tionship with °°™Tc-PYP radiotracer uptake. One
interpretation is that *™Tc-PYP cardiac uptake does
not mirror clinical disease progression and, therefore,
this test is best suited to aid in the diagnosis of ATTR
cardiac amyloidosis but not to track clinical disease
progression. It should be noted, however, that previous
reports of bone isotopes detecting cardiac amyloid in
patients with familial amyloid polyneuropathy (FAP)
prior to echocardiographic manifestations*>*® suggest
that myocardial uptake of bone isotopes in TTR amyloid
can occur in early stages of disease, when it is assumed
that small amount of amyloid is present, and thus could
potentially increase with further amyloid deposition.
The results of the current study may not reflect the
expected temporal changes in radiotracer uptake based
on technical limitations of detection not allowing for
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resolution of clinically relevant increases in amyloid in
the context of the intense myocardial uptake, indicative
of advanced clinical disease, seen at baseline in our
subjects. Thus, it is possible that detection of changes in
myocardial uptake of bone isotopes such as **™Tc-PYP
is dependent on the stage of disease and rate of TTR
deposition and may not be useful to track disease
progression in advanced ATTR cardiac amyloid. Impor-
tantly, the degree of *™Tc-PYP myocardial uptake by
H/CL ratio was not related to the **™Tc-PYP dose
injected (P = .73). An alternative interpretation of the
current findings is that in this advanced disease popu-
lation, the rapid disease progression observed over just
1.5 years follow-up is disproportionate to any putative
increase in myocardial amyloid deposition and may be
due to alternative processes.

Mechanisms by which already deposited amyloid
fibrils may exacerbate symptoms of congestive heart
failure in patients with advanced disease include apop-
tosis, inflammation, oxidative stress, fibrosis, and direct
cytotoxicity.>**” These insults to myocardial structure
and function are likely to occur throughout the natural
history of ATTR but may predominate in advanced
disease stages of ATTR cardiac amyloid. Therefore,
experimental treatments designed to mitigate non-amy-
loidogenic processes including inflammatory responses
and others previously mentioned may have the potential
to provide additional benefit to patients with advanced
disease.

Irrespective of the underlying explanation for these
findings, the current data suggest that in advanced
disease followed over a short time period relative to the
lifespan of an individual, any increase resulting from
additional amyloid deposition into a heart already
burdened with extensive amyloid deposition falls below
the limit of detection of quantitative serial **™Tc-PYP
scanning. Further investigation is required to understand
the sensitivity of *"Tc-PYP cardiac imaging in rela-
tionship to amyloid changes, and the physiologic
relevance of those changes, during all stages of disease
progression in patients with ATTR.

Future research directions might also investigate the
utility of other advanced cardiac imaging modalities
such as '®F-florbetapir positron emission tomography
(PET) for diagnosing and following cardiac amyloidosis
over time. Recently, a small pilot study using PET
demonstrated significant myocardial radiotracer uptake
of '®F-florbetapir in 9 patients with cardiac amyloidosis
(4 ATTR, 5 AL) compared to controls, suggesting this
imaging modality may also be a promising technique to
image cardiac amyloidosis®®. Its sensitivity and speci-
ficity for diagnosing cardiac amyloid, utility in serial
scanning, and cost-effectiveness compared to **™Tc-
PYP cardiac imaging, however, need further study in
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Table 3. °°™Tc-PYP cardiac data at baseline and follow-up

Diagnostic method Baseline Follow-up P value
Semi-quantitative analysis

Visual cardiac score (0-3) 3 (0) 3(1) 31

Heart (cts) CL (cts) H/CL Heart (cts) CL (cts) H/CL P value

Quantitative analysis

Subject 1 30 16 1.88 28 15 1.87

Subject 2 21 13 1.62 20 12 1.67

Subject 3 26 15 1.73 27 14 1.93

Subject 4 27 13 2.08 24 13 1.85

Subject 5 28 17 1.65 26 17 1.53

Subject 6 33 19 1.74 36 19 1.89

Subject 7 32 15 2.13 32 14 2.29

Subject 8 26 15 1.73 28 18 1.56

Subject 9 30 16 1.88 28 17 1.65

Subject 10 24 16 1.50 25 15 1.67

Subject 11 23 15 1.53 25 17 1.47

Subject 12 27 16 1.69 29 16 1.81

Subject 13 29 13 2.23 33 18 1.83

Subject 14 29 16 1.81 25 15 1.67

Subject 15 24 12 2.00 19 10 1.90

Subject 16 28 16 1.75 31 16 1.94

Subject 17 24 15 1.60 27 15 1.80

Subject 18 27 15 1.8 32 22 1.45

Subject 19 29 15 1.93 29 17 1.73

Subject 20 31 18 1.72 26 16 1.63
Heart mean counts 27 £ 3 28 £ 4 .88
CL mean counts 15+ 2 16 + 2.6 .34
H/CL ratio 1.79 £ 0.2 1.76 £ 0.2 A4

Continuous data are expressed as mean + SD and categorical data are expressed as median(range)
Semiquantitative and quantitative scores were obtained 1 hour post **™Tc-PYP infusion

CL, contralateral; cts, counts; ROI, region of interest

P < .05 considered significant by paired T test or Wilcoxon signed-rank test for continuous variables and Chi-square test for
categorical variables. Fisher’s exact test was used for categorical variables with small cell counts

larger  cohorts from  multi-center

collaborations.

garnered

LIMITATIONS

This was a small single-center study that included
primarily a North American ATTR population with
advanced cardiac amyloidosis and only two mutations
represented. However, to the best of our knowledge, this
is the only study to date that specifically focused on the
utility of serial **™Tc-PYP cardiac imaging to monitor
ATTR disease progression over time. We were powered
to detect a mean H/CL difference of 0.13 (7% change);
however, no change was detected. The mean time
between scans of 1.5 + 0.5 years may have been too

short a period in which to observe meaningful change in
9mTc-PYP myocardial uptake but the worsening clin-
ical condition of subjects over this time makes this
unlikely. The generalizability of these results to other
populations is, therefore, unknown. Most of these
subjects enrolled had severe phenotypes with markedly
thickened LV walls, which although similar to other
cohorts of patients with cardiac amyloidosis, may be
characterized by enhanced uptake of **™Tc-PYP, which
may have led to signal saturation and subsequent
inability to discriminate subtle changes between scans.

While additional studies are needed to determine
the role of *™Tc-PYP for early disease detection in
genotype-positive, phenotype-negative ATTR patients,
these data demonstrate that serial **™Tc-PYP scanning
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in subjects with advanced ATTR cardiac amyloidosis
does not show significant changes over an average
1.5 years of follow-up despite obvious clinical
progression.

NEW KNOWLEDGE GAINED

As *™Tc-PYP scanning has become more standard
in the evaluation and diagnosis of subjects with cardiac
amyloidosis, to the best of our knowledge, no other
study has reported on the utility of serial **™Tc-PYP
scanning in this number of patients followed over time.
This is the first study to perform serial scans using the H/
CL ratio quantitative score and demonstrate that in a
population of patients with advanced ATTR cardiac
amyloidosis, myocardial **™Tc-PYP uptake did not
change even though clinical disease progressed mark-
edly. The next logical step to evaluate the utility of serial
9MT¢-PYP scanning would be to study it in a population
of patients with mild-moderate disease who are followed
over a longer time period.
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