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Abstract

Clinical algorithms stipulate that transthyretin amyloid cardiomyopathy (ATTR-CM) can be
diagnosed noninvasively by technetium-99m pyrophosphate (PYP) imaging when light chain (AL)
amyloidosis has been excluded. We sought to define the distribution of light chain abnormalities
and final diagnosis of ATTR-CM among patients referred for PYP imaging. We conducted a
retrospective cohort study of 378 sequential patients with suspected ATTR-CM, referred for PYP
imaging from October 2014 to January 2019. PYP scans were adjudicated as per guidelines. We
found that 97 patients (26%) had abnormal plasma cell dyscrasia (PCD) markers, including serum
free light chain (FLC) and/or urine/serum immunofixation electrophoresis (IFE). After exclusions
for incomplete data or known AL amyloidosis, the final study population with abnormal PCD
testing was n = 82. Final adjudication of amyloidosis was determined by multidisciplinary clinical
assessment and/or tissue biopsy. The median age of cohort was 75 (68 to 81) years, 88% were
men, and 33% were Black. Of the 82 patients, 62 had positive PYP scans (76%) and 20 had
negative PYP scans (24%). A total of 64 patients had adjudicated ATTR-CM, confirmed by tissue
biopsy in 41 (64%). Of those with confirmed ATTR-CM, 44 (69%) had abnormal FLC ratio
between 1.65 and 3.1 and normal IFE. In conclusion, among patients referred for technetium-99m-
PYP imaging for suspected ATTR-CM, 26% exhibited abnormalities of PCD markers. An FLC
ratio 1.65 to 3.1, with normal IFE was noted in 69% of those with ATTR-CM, suggesting that

"Corresponding author: Tel: 617 638 8968; fax: 617 638 8969 frruberg@bu.edu (F.L. Ruberg).
See page 111 for disclosure information.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Alreshq et al.

Page 2

ATTR-CM can be diagnosed noninvasively without cardiac biopsy in patients with positive PYP
scan and similar plasma cell testing results.

Introduction

Methods

Cardiac amyloidosis is a progressive infiltrative disease, characterized by extracellular
deposition of misfolded protein fibrils.! Classification of cardiac amyloidosis is based on
the precursor protein that misfolds, with immunoglobulin light chain (AL) amyloidosis
and transthyretin (ATTR) amyloidosis involved in the vast majority of cardiac amyloidosis
cases.?

Diagnosis of ATTR or AL cardiomyopathy (CM) formerly required tissue biopsy with
histologic identification of both amyloid deposits by Congo red staining and accurate
typing of the amyloidogenic protein.3 Currently accepted algorithms now permit nonbiopsy
diagnosis of ATTR-CM in the context of both abnormal technetium (Tc)-99m pyro-
phosphate (PYP) imaging and normal blood plasma cell dyscrasia (PCD) testing that
excludes the AL amyloidosis.*® Unfortunately, guidelines also suggest that Tc-99m-PYP
imaging cannot be interpreted as diagnostic of ATTR-CM in the context of abnormal

PCD testing because a proportion of AL cardiac amyloidosis cases demonstrate uptake
suggestive of ATTR. In an attempt to guide clinicians, this study was designed to describe
the spectrum of abnormalities in PCD testing encountered among patients referred for
Tc-99m-PYP imaging and compare those results with the final adjudication of ATTR-CM.
We hypothesized that a range of free light chain (FLC) testing could be identified that,
although above the upper limit of normal, would be associated with confirmed ATTR-CM,
thereby obviating the requirement for invasive biopsy among similar patients.

We conducted a retrospective cross-sectional study of 378 consecutive patients, referred
for PYP imaging for suspected ATTR-CM at a single academic hospital from October
2014 to January 2019. PCD testing was acquired contemporaneously with Tc-99m-PYP
imaging. PCD testing identified 97 eligible participants (26%) who were =18 years of
age and had evidence of abnormal PCD testing defined as (1) FLC ratio outside of the
normal range, (2) abnormal serum immunofixation electrophoresis (IFE), or (3) abnormal
urine IFE. The remaining 281 patients had normal PCD testing. After exclusion (n =

15) because of incomplete data, loss of follow-up, and previously known AL amyloidosis
or multiple myeloma diagnosis, the final study population was 82 participants (Figure

1). All excluded patients with previously known AL amyloidosis had FLC ratio <0.26

or >3.1 and/or abnormal IFE and all had Tc-99m-PYP scans without diagnostic uptake.
The study was approved by the institutional review board and written informed consent
was obtained from all participants to access clinical data for research purposes. Data
were collected retrospectively after thorough review of electronic medical records and
included demographics, biochemical data, imaging, and pathology. Data were complete
for all measures except N-terminal prohormone of brain natriuretic peptide (available in
64 patients) and prealbumin (available in 69 patients). Chronic kidney disease (CKD) was
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defined by an estimated glomerular filtration rate (¢GFR) <60 ml/min/1.73 m2, using the
4-variable MDRD formula.

Myocardial radiotracer activity was determined after a 1-hour incubation by planar imaging
and evaluated using 2 methods: (1) semiquantitative method, with a visual score comparing
myocardial uptake to bone uptake (grade 0: absent cardiac uptake, grade 1: cardiac uptake
is less intense than the rib signal, grade 2: cardiac uptake is similar to rib signal, and grade
3: cardiac uptake is greater than rib signal) and (2) the quantitative heart-to-contralateral
lung ratio, which was calculated as the fraction of mean counts in a region of interest over
the heart to mean counts in an identical size region of interest over the contralateral chest.
Further assessment with single-photon emission computed tomography was performed in
suspected cases to distinguish myocardial uptake from ventricular blood pool signal.

We defined a positive PYP scan as grade 2 or 3 cardiac uptake and/or a heart : contralateral
ratio =1.5 at 1 hour after contrast injection on planar imaging, with confirmation

by single-photon emission computed tomography, based on the 2019 expert consensus
recommendations for multimodality imaging in cardiac amyloidosis.®

Serum FLCs, including kappa and lambda light chains, and the kappa: lambda ratio were
measured (Freelite assay, The Binding Site, Birmingham, United Kingdom). Serum FLC
data were available in all patients (n = 82). The reference intervals for kappa FLC are 3.3 to
19.4 mg/l and for lambda, FLC 5.7 to 26.3 mg/I respectively, and the normal range for the
kappa to lambda ratio is 0.26 to 1.65. Lambda-predominant PCD was defined as FLC ratio
<0.26, whereas kappa-predominant PCD was defined as FLC ratio >1.65. Serum IFE was
performed in all patients and urine IFE was performed in 66 patients. PCD testing results
were interpreted as abnormal if a monoclonal protein was detected in serum or urine or if the
FLC ratio was outside of the normal range.

ATTR-CM was defined as follows:

1. positive cardiac biopsy for amyloid deposits by Congo red stain and definitive
identification of transthyretin protein in the amyloid deposits by either
immunohistochemistry (n = 1), immunofluorescence (n = 1), tandem mass
spectrometry analysis (n = 20), or immunogold electron microscopy (n = 3),
(total n = 25), or

2. positive extracardiac biopsy for transthyretin amyloid deposits and evidence
of heart failure with an echocardiogram or cardiovascular magnetic resonance
imaging, consistent with or suggestive of amyloidosis (n = 16), or

3. patients evaluated by the multidisciplinary team, including cardiology and
hematology expertise, at the Boston University Amyloidosis Center and
adjudicated as ATTR CM (n = 23).

All patients with ATTR-CM underwent bidirectional deoxyribonucleic acid sequencing by
polymerase chain reaction of the transthyretin gene. Patients with normal gene testing were
classified as ATTRwt amyloidosis (n = 41) and those with abnormal gene sequencing were
classified as ATTRv amyloidosis (n = 23).
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For statistical analysis, continuous data were expressed as mean = SD, or median (25th
and 75th percentiles [quartile 1 to quartile 3]), depending on the variable distribution,
whereas categoric data were expressed as percentages of the number of cases within each
group. Distribution of the data was evaluated using Shapiro-Wilk test. Continuous data
were compared using the ftest for normally distributed data or Wilcoxon rank-sum test
for non-normally distributed variables. The association between categoric variables was
examined using chi-square test or Fischer’s exact test when the observations were <5. The
correlation between serum kappa/lambda FLC and eGFR in patients with ATTR-CM was
tested using the Spearman correlation coefficient (r). All statistical analyses were performed
using the STATA software, version 16.1 (Stata Corp, College Station, Texas). The results
were considered statistically significant if p <0.05.

Of 378 patients referred for PYP imaging, PCD testing was abnormal in 97 (26%). After
exclusion for known AL amyloidosis, known MGUS, and loss to follow-up, the final
population was n = 82. For those with known AL amyloidosis (n = 4), 3 had lambda PCD,
with FLC ratio <0.26 and/or positive serum/urine IFE and 1 had kappa PCD, with FLC of
2.94 and positive urine IFE. The 2 patients with known multiple myeloma had kappa PCD
and both had high FLC ratio >30.

The baseline demographics of the final study population (n = 82) are demonstrated in Table
1. Median age of cohort was 75 (range 81 to 86) years, 88% were men, 51% were White,
and 33% were Black. The mean eGFR was 62.5 + 24.3 ml/min/1.73 m2,

Of the 82 patients with abnormal PCD testing, 62 (76%) had a positive scan and 20

(24%) had a negative scan. All patients with positive PYP imaging had a final diagnosis of
ATTR-CM, whereas 2 patients with negative PYP imaging were diagnosed with ATTR-CM
based on positive cardiac biopsy for transthyretin deposits (Figure 1).

In comparison to patients with negative PYP imaging, patients with positive PYP scan were
older (median age 76 vs 67 years, p = 0.002) and had a lower body mass index (27.2 vs 30.2,
p = 0.008). There were no significant differences observed between those with and without
a positive PYP scan based on clinical laboratory testing, with the exception of troponin I,
which was higher among those with a positive scan (0.12 vs 0.07 ng/ml, p = 0.003) (Table
2).

A total of 64 patients had adjudicated ATTR CM as a final diagnosis, including 41 (64%)
with ATTRwt and 23 (36%) with ATTRv (17 with V1221, 2 with T60A, 1 with V30M, 2
with L58H, and 1 with E89Q 7 7R variants). Mean age of patients with ATTR-CM was 75.5
+ 7.5 years, and patients were predominantly men (89%) and White (55%).

Of 64 patients with ATTR CM and abnormal PCD testing, a total of 64% had biopsy-proved
ATTR amyloidosis, including 25 (39%) with positive endomyocardial biopsy and 16 (25%)
by extracardiac tissue biopsy (mainly fat aspirate). The remaining 23 patients (36%) had
adjudicated ATTR-CM by clinical diagnosis based on expert opinion, without confirmatory
biopsy. Of note, 82% of the patients without confirmatory biopsy (n = 23) had normal serum
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and urine IFE, and none had evidence of a lambda PCD, thus had FLC above the upper limit
of normal. Importantly, each of these patients who had ATTR-CM adjudicated clinically
also had an extracardiac biopsy using fat pad aspirate, and all were negative for amyloid
deposits by Congo red staining. The baseline and clinical characteristics were similar among
patients with ATTR-CM with and without confirmatory biopsy, except that patients who did
not undergo biopsy were older (78.4 + 6.2 vs 74.1 + 7.8, p = 0.024) (Table 3).

Among those with adjudicated ATTR-CM, 44 (69%) had abnormal FLC ratio between 1.65
and 3.1 and normal IFE, 12 (19%) had abnormal FLC ratio/abnormal IFE, and 8 (12%)

had normal FLC ratio/abnormal IFE (Figure 2). Of note, all patients with abnormal urine
IFE results had abnormal serum IFE as well. Further information regarding PCD testing
characteristics in patients with adjudicated ATTR-CM is shown in Supplementary Table 1 in
the Supplementary Appendix.

We demonstrated that both serum kappa FLC (o = —0.451, p <0.001) and serum lambda
FLC (o= —0.466, p <0.001) were inversely correlated with eGFR, confirming that patients
with reduced eGFR might have higher serum kappa and lambda FLC level at baseline.
Approximately 28 patients (44%) with ATTR-CM had evidence of CKD at baseline, of
whom 25 (89% of CKD) had abnormal FLC ratio between 1.65 and 3.1.

Discussion

Our study found that approximately 26% of patients referred for PYP imaging for suspected
ATTR-CM had evidence of abnormal PCD testing, that, by current guidelines, would obviate
the possibility of adjudicating ATTR-CM without confirmatory biopsy. We then observed
that 78% (n = 64) of this population had adjudicated ATTR-CM based on positive tissue
biopsy or clinical diagnosis by a multidisciplinary team assessment at an experienced
amyloidosis referral center. The majority of abnormal PCD testing findings (69%) observed
in those with ATTR-CM comprised abnormal FLC ratio above the upper limit of normal
between 1.65 and 3.1, with normal serum and urine IFE, reflecting increased kappa light
chain concentration. Our patient population was older, with a sizable proportion of CKD
(44% of patients with ATTR-CM), typical of patients in whom ATTR amyloidosis is
considered. We conclude that, in the context of such testing results, histologic confirmation
of ATTR diagnosis may not be necessary especially in patients with known CKD at baseline.
That stated, we strongly advocate for confirmatory endomyocardial biopsy in those with
abnormal IFE testing or FLC ratio <0.26 (indicative of a lambda PCD) or =3.1, with normal
or abnormal IFE, or those in whom clinical suspicion of AL amyloidosis remains high
(Figure 3).

The prevalence of MGUS increases with age, affecting approximately 5.3% of patients aged
>70 years.” Although the exact prevalence of abnormal PCD testing in patients with ATTR
amyloidosis remains unknown, it can range from 10% to 40% based on the previously
reported retrospective analyses.8~10 We previously reported in a large retrospective study of
226 patients with tissue biopsy-proved ATTR amyloidosis, including 155 with ATTRwt and
71 with V1221 ATTRYy, that 39% of patients with ATTRwt and 49% of patients with ATTRv
V1221 had evidence of abnormal PCD testing.8 The present study adds to these observations
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by describing PCD test characteristics among patients with suspected but not confirmed
ATTR-CM, more consistent with standard everyday practice.

Serum kappa and lambda FLC levels are mainly dependent on the balance between
production and clearance. In normal circumstances, kappa FLC is produced at a rate
approximately twice that of lambda FLC, but the half-life of kappa (2 hours) is shorter

than lambda half-life (2 to 4 hours) because the renal clearance of kappa chains is faster than
lambda chains. In cases of renal impairment, clearance of FLC is altered and will become
more dependent upon the reticuloendothelial system, which shows no size preference and
clears both light chains at the same rate.8 As a consequence, serum concentration of

kappa light chains is disproportionately increased relative to that of lambda light chains

in patients with CKD, and therefore, FLC ratio can be elevated even without evidence of
monoclonal gammopathy. In fact, a previously published report suggested a new reference
range of 0.37 to 3.1 for FLC ratio in patients with severe renal failure, with increased
specificity from 93% to 99% and no loss of sensitivity for detecting monoclonal FLC
production in these patients.!! Similarly, our study demonstrated that the majority (89%)

of patients with ATTR-CM with concomitant CKD at baseline had an abnormal FLC ratio
between 1.65 and 3.1, indicative of increased kappa FLC concentration. Our data support the
contention that an adjusted reference range for FLC ratio in patients with CKD is warranted
when approaching PCD testing interpretation in AL amyloidosis to increase the diagnostic
accuracy of monoclonal gammopathy and to avoid unnecessary invasive biopsies in these
patients.

To the best of our knowledge, this is the first study to examine the prevalence of abnormal
PCD testing among patients with suspected ATTR-CM referred for PYP imaging. However,
there are several important limitations to our study that must be acknowledged. First,

we conducted a single-center, retrospective study, subjected to potential bias by selection
and confounding. We attempted to correct for this limitation by reviewing data from
sequential patients. Similarly, the sample size of patients with PCD abnormalities was
small, which may explain why no case of AL amyloidosis, a much rarer disease, was
identified. Alternatively, as our center is an experienced amyloidosis referral center, it is
possible that patients with low-level paraprotein abnormalities, suspicious for AL or cases
of known AL amyloidosis that were already recognized, were not referred for PYP imaging.
Next, not all patients with adjudicated ATTR-CM and abnormal PCD testing had cardiac or
extracardiac biopsy to confirm the diagnosis; however, all patients with ATTR-CM, without
confirmatory biopsy (n = 23) had abdominal fat pad aspiration that was negative for amyloid
deposits. In our experience and those of others, fat pad aspiration has an overall sensitivity
of 75% to 80% for AL amyloidosis!?; thus, a negative aspirate argues against AL. This
information was considered in the final clinical adjudication through our multidisciplinary
team approach, including an experienced hematologist, to exclude significant monoclonal
gammopathy and determine the necessity of cardiac biopsy to exclude AL amyloidosis.

In conclusion, our study found that approximately 26% of patients referred for PYP
imaging had evidence of abnormal PCD testing. The majority of patients (69%) with
final adjudication of ATTR-CM had an abnormal FLC ratio between 1.65 and 3.1, with
negative IFE. These findings suggest that endomyocardial biopsy might be avoidable in
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these circumstances, particularly among patients with concomitant CKD. Further validation
is necessary with larger cohorts, preferably from nonamyloidosis specialty centers, to
minimize risk of selection bias, before widespread clinical adaptation of our findings.
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Study flow chart and breakdown by amyloid diagnosis. ATTR = amyloid transthyretin; PCD

= plasma cell dyscrasia; PYP = Tc99m-pyrophosphate.
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m Normal FLC ratio/abnormal IFE
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m Abnormal FLC ratio/Abnormal IFE
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IFE I

FLC ratio <0.26/abnormal IFE . 2%

FLC ratio > 1.65 <3.1/abnormal IFE _ 15%

FLC ratio > 3.1/abnormal IFE . 2%

Figure 2.
Plasma cell testing in patients with final adjudication of ATTR cardiomyopathy. (A)

Pie chart showing the distribution of plasma cell dyscrasia abnormalities. (B) Histogram
demonstrating that the majority (69%) of ATTR cardiomyopathy patients had an abnormal
FLC ratio between 1.65 and 3.1 and normal IFE.
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Prevalence of abnormal light-chain testing among patients referred for PYP imaging

378 sequential patients referred for PYP scan for suspected ATTR cardiomyopathy

82 patients with abnormal PCD markers

PYP PYP
positive negative
(n=62) (n=20)

Diagnostic algorithm for patients with ATTR-CM (n = 64) and abnormal PCD testing

Abnormal FLC ratio >1.65 Abnormal FLC ratio/abnormal IFE _ Normal FLC
and <3.1/normal IFE ratio/Abnormal IFE

l

FLC ratio
<0.26

FLC ratio
>1.65
and <3.1

-Consider EMB to confirm the diagnosis
EMB might be avoidable in : - L :

this scenario -Referral to Hematology +Amyloidosis clinic

Confirmed
cardiac
amyloidosis

-
Consider alternative diagnosis

Figure 3.
Central illustration. Light chain abnormalities and ATTR cardiomyopathy diagnosis among

patients referred for PYP imaging. EMB = endomyocardial biopsy. EMB = endomyocardial
biopsy; IFE = immunofixation electrophoresis; PCD = plasma cell dyscrasia; PYP = Tc99m-
pyro-phosphate.
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testing

Total patients, N 82
Age (years) 75 (68-81)
BMI (kg/m2) 28 (25-30)
Male 72 (88%)
Female 10 (12%)
Black 27 (33%)
Hispanic 8 (10%)
White 42 (51%)
Other/unknown 5 (6%)
eGFR (mL/min/1.73m?) 62.5+24.3
Abnormal FLC ratio/normal IFE 55 (67%)

. FLC ratio <0.26 0

. FLC ratio >1.65 and <3.1 54 (98%)

. FLC ratio >3.1 1(2%)
Abnormal FLC ratio/abnormal IFE 16 (20%)

. FLC ratio <0.26 1(6%)

. FLC ratio >1.65 and <3.1 11(69%)

. FLC ratio >3.1 4(25%)
Normal FLC ratio/abnormal IFE 11 (13%)

Values are median (interquartile range), n (%), or mean =+ standard deviation.

eGFR = estimated glomerular filtration rate; BMI = body mass index; FLC = free light chains; IFE = immunofixation electrophoresis.
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