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BACKGROUND: Thresholds to define prognosis with hs-cTnl (high-sensitivity cardiac troponin I) have not been systematically
addressed in wild-type transthyretin amyloid cardiomyopathy, in part because of the multiplicity of hs-cTnl assays. The aims
of this study were: first, to assess the prognostic performance of hs-cTnl measured with different assays in patients with
wild-type transthyretin amyloid cardiomyopathy and, second, to identify assay-specific hs-cTnl thresholds for prognosis that
could be integrated into staging systems for risk stratification.

METHODS: Observational multicenter study of stable wild-type transthyretin amyloid cardiomyopathy patients from different
cohorts using the Abbott Architect Stat hs-cTnl assay and the Beckman Coulter Access hs-cTnl assay (testing cohorts) and
the Siemens Centaur XPT hs-cTnl assay (validation cohort). Outcome was all-cause mortality.

RESULTS: In the Abbott cohort (n=136; median follow-up 22 [13-41] months; 31 [23%] deaths) and Beckman cohort (n=98;
median follow-up 19 [12-28] months; 16 [16%)] deaths), natural log-transformed hs-cTnl was an independent predictor of
mortality (age- and sex-adjusted hazard ratio, 1.62 [95% Cl, 1.11-2.35]; ~=0.012 and 2.47 [95% Cl, 1.48-4.14]; <0.001,
respectively). The best hs-cTnl threshold for 18-month mortality of the combined Abbott/Beckman cohorts (n=234) was 81
ng/L, rounded to 80 ng/L for simplicity of clinical use. A 2-variable staging system (based on the Mayo Clinic system) using
hs-cTnl (>80 ng/L) and NPs (natriuretic peptides; NT-proBNP [N-terminal pro-B-type natriuretic peptide] >3000 ng/L or
BNP [B-type natriuretic peptide] >250 ng/L) identified 3 groups with progressively worse prognosis. The staging system
(using hs-cTnl >80 ng/L and NT-proBNP>3000 ng/L) was then applied to an independent cohort evaluated with the hs-
cTnl Siemens assay (=345, median follow-up 32 [24-42] months, 119 [34%] deaths). The significant differences between
the groups were maintained.

CONCLUSIONS: In patients with wild-type transthyretin amyloid cardiomyopathy, hs-cTnl is a strong and independent predictor
of mortality. A threshold of hs-cTnl of 80 ng/L for these 3 assays provides effective risk stratification alone and in a staging
system with NP.
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WHAT IS NEW?

¢ In patients with wild-type transthyretin amyloid
cardiomyopathy, hs-cTnl (high-sensitivity cardiac
troponin ) is a strong and independent predictor
of mortality. Each hs-cTnl assays have peculiar ana-
lytical metrics; nevertheless, a threshold of hs-cTnl
of 80 ng/L for the 3 assays included in the pres-
ent study yielded independent prognostic value. A
2-variable staging system, based on hs-cTnl and
NP (natriuretic peptides), demonstrated effective
performance in prognostic risk stratification.

WHAT ARE THE CLINICAL IMPLICATIONS?

* For risk stratification of patients with wild-type
transthyretin amyloid cardiomyopathy, a staging
model based on cTn can be applied also in institu-
tions utilizing hs-cTnl measured with the 3 assays
included in the present study.

Nonstandard Abbreviations and Acronyms

ATTRwt-CM  wild-type transthyretin amyloid
cardiomyopathy

AUC area under the curve

BNP B-type natriuretic peptide

cTn cardiac troponin

eGFR estimated glomerular filtration rate

HRs hazard ratios

hs-cTn high-sensitivity cardiac troponin

NP natriuretic peptides

NT-proBNP  N-terminal pro-B-type natriuretic
peptide

ROC receiver-operating characteristic

Tn (cardiac troponin) and NP (natriuretic peptides),

particularly BNP (B-type NP) and the N-terminal

fragment (NT-proBNP [N-terminal pro-B-type NPJ),
are powerful prognostic markers for both light chain
amyloidosis and transthyretin amyloidosis.'® A stag-
ing system combining cTnT and NT-proBNP has been
proposed for risk stratification in wild-type transthyretin
amyloid cardiomyopathy (ATTRwt-CM).2 An alternative
staging system using NT-proBNP and estimated glo-
merular filtration rate (eGFR) has been validated for both
ATTRwt-CM and hereditary transthyretin amyloidosis.*
This system is particularly useful when hs-cTnl (high-
sensitivity cTn 1) is the cTn assay in clinical use because,
at present, there are no data on the optimal prognostic
hs-cTnl threshold in this setting.

Multiple hs-cTnl assays are in use for management of
patients with acute coronary syndrome. Each has its own
analytical characteristics and unique sex-specific 99th
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percentile upper reference limits. Thus, without validation,
the data with one hs-cTnl assay cannot be applied to oth-
ers® In addition, there is robust evidence documenting
preanalytical, analytical, and clinical differences between
hs-cTnl and hs-cTnT5"

Accordingly, studies investigating the prognostic
role of hs-cTnl for risk stratification in patients with
ATTRwt-CM are necessary. The aims of this study were
to assess the prognostic performance of hs-cTnl mea-
sured with different assays in patients with ATTRwt-
CM and to identify assay-specific hs-cTnl thresholds
for prognosis to integrate into staging systems for risk
stratification.

METHODS

The data that support the findings of this study are available
from the corresponding author upon reasonable request.
This study was approved by the institutional review boards
(AOP3013, [https://www.clinicaltrials.gov; Unique identifier:
NCT05444920)). It is a retrospective, observational, multi-
center study of patients diagnosed with ATTRwt-CM after
2017 The only inclusion criterium was a well-documented
diagnosis of ATTRwt-CM, either by invasive or noninvasive
means according to the Gillmore algorithm'? and per European
Consensus Document' and Guidelines.' All patients under-
went transthyretin genetic testing to exclude the presence
of pathogenic mutations. Exclusion criteria were the lack of
assay-specific hs-cTnl values at diagnosis or the availability of
hs-cTnl only in acute clinical conditions and the lack of follow-
up. Patients were enrolled from 7 Italian referral centers, using
different hs-cTnl assays in clinical practice. Patients referred
from other Centers were included using the hs-cTnl mea-
sured at the referral Center. Outcome of interest was all-cause
mortality.

High-Sensitivity cTn |

Hs-cTnl was measured at the time of diagnosis in different
cohorts with different assays, including the Abbott Architect
Stat High-Sensitive Troponin | assay (n=136), the Beckman
Coulter Access High-Sensitivity Troponin | assay (n=98),
and the Siemens Centaur XPT High- Sensitivity Tnl assay
(n=345). Details on the contributing Centers and analytical
characteristics of the assays are reported in Supplemental
Methods. Myocardial injury is defined as any increase above
assay and sex-specific 99th percentile upper reference
limits'.

The baseline hs-cTnl was defined as the value measured at
diagnosis under stable clinical conditions, before specific ther-
apy initiation. Hs-cTnl values measured during acute illnesses
of any kind were not used. If hs-cTnl was only available during
hospitalization, the value after the patient was stabilized before
discharge was used.

First, cohorts were analyzed based on the specific hs-cTnl
assay (Abbott cohort, Beckman cohort, and Siemens cohort).
Subsequently, given the literature data reporting good corre-
lation between the assays, the Abbott and Beckman cohorts
were analyzed together.''® Once the best hs-cTnl prognostic
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threshold was defined in the Abbott/Beckman cohorts, its use
with the Siemens assay was probed.

Statistical Analysis

Samples sizes were estimated based on the prevalence of
adverse outcomes (n=281 for 15% mortality, n=215 for 20%
mortality, n~=176 for 256% mortality). Hs-cTnl was analyzed as

Hs-cTnl in ATTRwt-CM

a continuous variable (natural log-transformed) first and then
dichotomized according to assay-specific population-derived
thresholds for risk. Receiver-operating characteristic (ROC)
curves for hs-cTnl were used to evaluate its ability to predict
mortality at 18 months. This time point was chosen based on
the literature'”'8 showing that a therapeutical benefit on mortal-
ity is seen after around 18 months of treatment. The best cutoff

Table 1. Baseline Characteristics of Patients With ATTRwt-CM in the Different hs-cTnl Cohorts
Variable n Abbott cohort; n=136 n Beckman cohort; n=98 n Siemens cohort; n=345
Age, y 136 80 (74-84) 98 78 (73-82) 345 76 (73-81)
Sex (male) 136 127 (93) 98 89 (91) 345 336 (95)
Hypertension 136 103(76) 98 71 (72) 345 222 (63)
Diabetes 136 25 (18) 98 16 (16) 345 60 (17)
Significant CAD 136 40 (29) 98 18 (18) 345 60 (17)
AFib/flutter 136 90 (66) 98 53 (54) 345 164 (46)
PM/ICD 136 27 (20) 98 13 (13) 345 78 (22)
NYHA class 136 94 330

I 18 (13) 21 (22) 56 (17)

1] 83 (61) 57 (61) 229 (69)

1l 34 (25) 16 (17) 45 (14)

v 1(1) 0(0) 0(0)
Furosemide equivalent dose 133 25 (3.5-50) 98 25 (0-75) 244 25 (6.5-50)
Systolic blood pressure 134 127 (114-140) 94 130 (120-140) 328 135 (122-148)
Disease-modifying therapy 136 81 (60) 98 44 (45) 345 110 (31)
Months of disease-modifying therapy 136 15 (9-19) 98 10 (5-12) 110 19 (17-25)
ECG at baseline
Low QRS voltages 136 36 (27) 98 30 (31) 65 19 (29)

AFib at ECG 136 68 (50) 98 38 (39) 207 87 (42)
Echocardiogram at baseline

IVS, mm 136 18 (15-20) 98 18 (16-19) 278 17 (16-19)

PWT, mm 136 15 (14-18) 98 16 (14-17) 278 15 (14-17)

LVEF, % 136 52 (42-58) 97 55 (47-61) 278 50 (43-56)

E/e’ 127 15 (12-19) 88 18 (16-22)

sPAP, mm Hg 129 37 (29-45) 79 40 (32-49) 59 35 (27-42)

TAPSE, mm 127 17 (15-20) 62 18 (15-20) 46 15 (13-18)

RV hypertrophy 136 83 (61) 91 54 (59)

Pericardial effusion (>10 mm) 136 16 (12) 98 9(9) 72 13 (18)
Laboratory values at baseline

Hb baseline g/dL 128 14.0 (12.7-15.2) 83 13.7 (12.5-15) 242 13.9 (12.8-14.7)

eGFR baseline mL/min per m? 131 62 (49-79) 94 68 (48-80) 341 >60 (46->60)

NT-proBNP baseline ng/L 89 1761 (958-4021) 51 2114 (936-4270) 335 3354 (1756-6021)

BNP baseline, ng/L 103 416 (230-709) 44 277 (214-456) 53 401 (287-596)

Hs-cTnl baseline ng/L 136 71 (40-137) 98 60 (32-87) 345 56 (35-92)

NAC score 131 87 332

Stage | 64 (47) 41 (47) 134 (40)
Stage I 44 (32) 36 (41) 147 (44)
Stage Il 23 (17) 10 (12) 51 (15)

Continuous variables are reported as median and interquartile range (Q1-Q3); categorical variables as number and percentages. The columns with n indicate the
number of observations available for each variable. AFib indicates atrial fibrillation; ATTRwt-CM, wild-type transthyretin amyloid cardiomyopathy; BNP, B-type natriuretic
peptide; CAD, coronary artery disease; E/¢’, ratio between early mitral inflow velocity (E) and mitral annular early diastolic velocity (¢); eGFR, estimated glomerular
filtration rate; Hb, hemoglobin; hs-cTnl, high-sensitivity cardiac troponin I; IVS, interventricular septum; LVEF, left ventricular ejection fraction; NAC, National Amyloidosis
Center; NT-proBNPF, N-terminal pro-B-type natriuretic peptide; NYHA, New York Heart Association; PM/ICD, pacemaker/implantable cardioverter defibrillator; PWT,
posterior wall thickness; RV, right ventricle; sPAP, systolic pulmonary artery pressure; and TAPSE, tricuspid annular plane systolic excursion.
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value was defined using the Youden method. For thresholds Stage | was defined as both values being below the cutoff,
with similar performance, the one with the highest sensitivity stage Il as 1 value being above, and stage Il as both values
was chosen. Cox proportional hazard regression models were above. A staging based on the National Amyloidosis Center

used to test for association of different variables with mortal- staging system was calculated* utilizing eGFR<45 mL/min
ity. Variables that were statistically significant at univariable per m? and NT-proBNP>3000 ng/L (or BNP>250 ng/L if
analysis were included in the multivariable models. We included NT-proBNP was not available). Time-dependent area under
laboratory variables that are known predictors of adverse out- the curve (AUC) of the corresponding model ROC curves were
come in ATTRwt-CM, such as eGFR and NPs,* and echocar- plotted and compared. Harrell C statistic was calculated to

diographic variables with prognostic significance including left measure the discriminatory ability of each model. For the analy-
ventricular ejection fraction, estimated left ventricular filling ses, R (v. 42.2) and IBM SPSS Statistics 28.0 package (New
pressure (E/¢’, ratio between early mitral inflow velocity [E] and York, NY) were used.

mitral annular early diastolic velocity [¢’]) and estimated systolic

pulmonary arterial pressure.'®?" Finally, we also included furo-

semide equivalent dose and the New York Heart Association RESULTS

class.?22% One variable every 10 events was inserted in the .
models to avoid overfitting. Models based on dichotomized, StUdy POPUIatlon

rather than continuous, predictors were preferred for easier A flowchart of the study is reported in Figure S1. Base-
clinical use and comparison with previous literature.* Results line characteristics of cohorts are reported in Table 1.
are summarized with hazard ratios (HRs) and 95% CI. The Myocardial injury was present in 111 (82%) patients
Kaplan-Meier method was used to plot survival over time, and evaluated with the Abbott assay, in 89 (91%) with the

the log-rank test was used to test for differences. Percentages Beckman assay, and 166 (48%) with the Siemens assa
of patients alive at 18 months as well as restricted mean sur- Y y

vival time at 36 months (considering the median follow-up in ] ) . )
each cohort) were calculated. Cox model with time-dependent Abbott Architect Stat ngh-SenS|t|ve Troponin |

covariates was used to assess the impact of specific disease- Cohort
modifying treatment (tafamidis) on prognostic parameters. A ) )
staging system including 2 variables (hs-cTnI>80 ng/L and N this cohort (n=136), over a median follow-up of 22

elevated NP, based on the Mayo Clinic staging system®) was (13-41) months, 31 (23%) patients died. Hs-cTnl was
developed in the Abbott/Beckman cohort and then tested in  significantly and independently associated with mortality
the cohort initially evaluated with the Siemens assay. For NP, after adjustment for age and sex (HR for hs-cTnl natural
high levels were considered as NT-proBNP >3000 ng/L (or log-transformed, 1.62 [95% CI, 1.11-2.35]; ~=0.012). A
BNP >250 ng/L when NT-proBNP was not available)®***  hs-cTnl threshold of 81 ng/L (sensitivity 92%, specificity

Prognostic performance of hs-cTnl in the combined Abbott/Beckman cohort

A B
ROC curve )
1,0 r Survival curves
1,0
0,8
0,8
o
2
g 06 g o6 log rank p <0.001
£ o
a >
s s hs-cTnl > 80 ng/L
v 04 S 04 —no
£ —yes
=1
O
AUC 0.78 (95% Cl 0.69-0.88) 02
0,2 \
HR hs-cTnl > 80 ng/L: 6.37 (95% Cl 3.15-12.9) p<0.001
0,0
0,0

0,0 0,2 04 06 08 10 0 12 24 36 48 60
1-Specificity Months

Hs-cTnl <80 ng/L 145 118 65 35 23 12

Hs-cTnl >80 ng/L 89 66 31 16 12 7

Figure 1. Prognostic performance of hs-cTnl (high-sensitivity cardiac troponin 1) in the combined Abbott/Beckman cohort.

A, Receiver-operating characteristic (ROC) curve of hs-cTnl for 18-month mortality in patients with wild-type transthyretin amyloid
cardiomyopathy (ATTRwt-CM). B, Kaplan-Meier curves for survival in patients with ATTRwt-CM and hs-cTnl values at baseline below/equal to
(blue) or above (red) 80 ng/L. AUC indicates area under the curve; and HR, hazard ratio.
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62%) for risk stratification of 18-month mortality seemed
to perform the best. ROC and Kaplan-Meier curves are
reported in Figure S2.

Beckman Coulter Access hs-Tnl Assay Cohort

In this cohort (n=98), over a median follow-up of 19
(12-28) months, 16 (16%) patients died. Hs-cTnl was
independently associated with mortality after adjustment
for age and sex (HR for hs-cTnl natural log-transformed
2.47 [95% ClI, 1.48-4.14]; /<0.001). The best hs-cTnl
threshold for risk stratification of 18-month mortality was
81 ng/L (sensitivity 78%, specificity 74%). ROC and
Kaplan-Meier curves are reported in Figure S3.

Combined Abbott and Beckman Cohort

In the combined cohort of patients evaluated with the
Abbott and Beckman assay (n=234), 47 (20%) patients
died. At ROC curve analysis, the AUC for hs-cTnl for
18-month mortality was 0.78 (95% Cl, 0.69-0.88; Fig-
ure 1A). The derived hs-cTnl threshold with the best
balance between sensitivity and specificity for mortality
at 18 months was 81 ng/L (sensitivity 86%, specific-
ity 67%), rounded to 80 ng/L for simplicity of clinical
use. At Kaplan-Meier analysis (Figure 1B), patients with
hs-cTnl >80 ng/L had significantly worse survival than
those with hs-cTnl<80 ng/L (log-rank A<0.001). This
threshold was effective also in women (h=18), as no
deaths were observed among those with hs-cTnl <80
ng/L (n=13; Supplemental Material). Univariable Cox-
regression analysis is reported in Table S1. Hs-cTn[>80
ng/L was independently associated with mortality in
several multivariable models (Table 2; Table S2) and also
after adjustment for disease-modifying therapy (HR of
hs-cTnl>80 ng/L, 6.13 [95% ClI, 3.01-12.5]; A<0.001;
HR of disease-modifying therapy, 0.72 [95% Cl, 0.33-
1.57]; P=0.4).

With the 2-variable staging system based on hs-
cTnl>80 ng/L and elevated NP, 94 of 227 (41%)
patients were classified as stage I, 75 of 227 (33%)
as stage Il, and 58 of 227 (26%) as stage IIl. Survival
by Kaplan-Meier analysis is reported in Figure 2. At 18
months, 98% of patients in stage |, 88% in stage Il, and
78% in stage Il were alive. Age-adjusted HR for mor-
tality was 3.79 ([95% CI, 1.26-11.45] P=0.018) for 1
variable above threshold and 7.92 ([95% ClI, 2.72-23.03]
P<0.001) for 2. At Cox-regression analysis with time-
dependent covariates, the 2-variable staging system
remained a significant determinant after adjustment for
disease-modifying therapy (HR for stage Il versus |, 4.77
[95% CI, 1.569-14.3]; P=0.005; HR for stage Il versus
|, 9.78 [95% CI, 3.36-28.5]; &<0.001; HR of disease-
modifying therapy 0.75 [95% Cl, 0.34-1.64]; P=0.5).

When evaluating time-dependent AUC curves for
mortality (Figure 3; Table S3), the performance of

Circ Heart Fail. 2025;18:e012816. DOI: 10.1161/CIRCHEARTFAILURE.125.012816
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Table 2. Multivariable Cox-Regression Analysis for Mortality
in Patients With ATTRwt-CM Evaluated With the Abbott or
Beckman Assay

Multivariable analysis
HR 95% ClI P value

Model 1

Hs-cTnl>80 ng/L 5.29 2.22-12.49 <0.001

eGFR<45 mL/min per m?* | 3.92 1.85-8.32 <0.001

LVEF<50 % 2.35 1.20-4.60 0.013

Age at baseline, per year | 1.08 1.02-1.15 0.007

Elevated NP 0.65 0.30-1.40 0.27
Model 2

Hs-cTnl>80 ng/L 7.24 2.79-18.79 <0.001

eGFR<45 mL/min per m? | 3.11 1.46-6.61 0.003

E/e’>15 1.29 0.56-2.99 0.55

Age at baseline, peryear | 1.06 1.00-1.13 0.05

Elevated NP 0.67 0.30-1.48 0.32
Model 3

Hs-cTnl>80 ng/L 4.78 2.10-10.83 <0.001

eGFR<45 mL/min per m?> | 2.88 1.40-5.91 0.004

sPAP>35 mm Hg 1.98 0.88-4.46 0.10

Age at baseline, per year | 1.06 1.01-1.12 0.022

Elevated NP 0.71 0.35-1.45 0.35
Model 4

Hs-cTnI>80 ng/L 6.11 2.89-12.92 <0.001

Furosemide equivalent 1.004 1.001-1.007 0.002

dose mg/die

NYHA class 1.23 0.77-1.98 0.39

NPs: NT-proBNP >3000 ng/L or, if NT-proBNP not available, BNP >250
ng/L. ATTRwt-CM indicates wild-type transthyretin amyloid cardiomyopathy;
BNP, B-type natriuretic peptide; E/¢’, ratio between early mitral inflow velocity
(E) and mitral annular early diastolic velocity (€); eGFR, estimated glomerular
filtration rate; HR, hazard ratio; hs-cTnl, high-sensitivity cardiac troponin I; LVEF,
left ventricular ejection fraction; NP, natriuretic peptide; NT-proBNP, N-terminal
pro-B-type natriuretic peptide; NYHA, New York Heart Association; and sPAR,
systolic pulmonary artery pressure.

hs-cTnl>80 ng/L alone and of the 2-variable staging
system based on hs-cTnl and NP did not differ from that
of the one adapted from National Amyloidosis Center
staging system based on NP and eGFR. Harrell C statis-
tic values are reported in Table 3.

Siemens Centaur XPT High-Sensitivity Tnl
Assay Cohort

Over a median follow-up of 32 (24-42) months, 119
(349%) patients died. At ROC curve analysis, the AUC
for hs-cTnl for mortality at 18 months was 0.76 (95%
Cl, 0.71-0.81). The cohort-specific derived best hs-cTnl
threshold for mortality at 18 months was 92 ng/L (sen-
sitivity 61%, specificity 80%). ROC and Kaplan-Meier
curves are reported in Figure S4.

The hs-cTnl threshold of 80 ng/L derived from the
Abbott/Beckman cohort and the 2-variable staging
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Months

o

Stagel 94 76 38 21 16
Stage2 75 62 33 18 10
Stage3 58 39 20 11 9 5

@

Stage
1 Figure 2. Kaplan-Meier (KM)
2 curves for survival according to the

2-variable staging system based

on hs-cTnl (high-sensitivity cardiac
troponin I) >80 ng/L (Abbott/
Beckman) and elevated natriuretic
peptides (NPs).

Elevated NPs are defined as NT-proBNP
(N-terminal pro-B-type natriuretic
peptide) >3000 ng/L or, if NT-proBNP
not available, as BNP (B-type natriuretic
peptide) >250 ng/L. Stage | is defined as
both variables being below the cutoffs,
stage Il as 1 variable being above, and
stage Il as both variables being above.
HR indicates hazard ratio.

system based on hs-cTnl and NP were tested in this
cohort. Only 21 (6%) patients were reclassified accord-
ing to the proposed cutoff of 80 ng/L (compared with 92
ng/L). This threshold performed well also in women (2/17
died, both with hs-cTnI>80 ng/L, Supplemental Results).
A hs-cTn>80 ng/L was independently associated
with mortality (Figure Sb; Table S4). With the 2-variable
staging system (based on hs-cTnI>80 ng/L and NT-
proBNP>3000 ng/L), 133 (39%) patients were stage |,
119 (35%) stage II, and 83 (26%) stage III. Survival by

Kaplan-Meier analysis by stage is reported in Figure 4. At
18 months, 97% in stage |, 88% in stage Il and 65% in
stage Il were alive. The age-adjusted HR for mortality was
2.57 ([95% Cl, 1.64-4.02] ~<0.001) for 1 above and 2.73
([95% Cl, 1.87-3.97] A~<0.001) for 2 above.

AUC curves for mortality (Figure S6) were not sig-
nificantly different between the 2-variable staging sys-
tem based on hs-cTnl and NT-proBNP and the National
Amyloidosis Center staging system (P=0.44 for the
comparison).

Circ Heart Fail. 2025;18:e012816. DOI: 10.1161/CIRCHEARTFAILURE.125.012816

Time dependent area under the curve (AUC) of the different prognostic parameters
in the Abbott/Beckman cohort
b
Figure 3. Time-dependent area under
- the curve (AUC) of the different
° prognostic parameters in the Abbott/
= Beckman cohort.
g Below the table, the different AUC values
* 57 at several time points are reported.
The actual P values for global AUC
comparisons between the different
g p=ns forall comparisons = Hs-cTnl >80 ng/L prognostic criteria can be found in Table
S3. eGFR indicates estimated glomerular
=—— Hs-cTnl >80 ng/L + NP filtration rate; hs-cTnl, high-sensitivity
p: cardiac troponin |; and NPs, natriuretic
= oGFR + NP peptides. *Global value, not time-
: | | | | [ l : dependent AUC.
0 6 12 18 24 36 48 60
Time, months
GLOBAL* | AUCat 12 AUC at 24 AUC at 36 AUC at 48 AUC at 60
AUC months months months months months
Hs-cTnl 0.75 0.76 0.75 0.77 0.74 0.70
Hs-cTnl + NP 0.76 0.77 0.71 0.75 0.75 0.71
eGFR + NP 0.73 0.75 0.72 0.71 0.69 0.69
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Table 3. Harrell C Statistics for Different the Different Staging Systems (Global and
at Different Time Points) in the Overall Abbott/Beckman ATTRwt-CM Cohort
Global | 12mo | 24 mo | 36 mo | 48 mo | 60 mo
Hs-cTnl>80 ng/L 0.74 0.76 0.74 0.75 0.73 0.72
Hs-cTnI>80 ng/L+NP 0.73 0.73 0.65 0.67 0.67 0.67
eGFR<45 mL/min per m2+NP (NAC system) 0.70 0.68 0.67 0.67 0.67 0.68
ATTRwt-CM indicates wild-type transthyretin amyloid cardiomyopathy; eGFR, estimated glomerular filtration
rate; hs-cTnl, high-sensitivity cardiac troponin I; NAC, National Amyloidosis Center; and NP, natriuretic peptide.
DISCUSSION hs-cTnT2*?® Our study addresses this gap by focusing

In this multicenter study, we investigated the prognos-
tic role of hs-cTnl measured with 3 different assays
(Abbott Architect Stat High-Sensitive Troponin | assay,
Beckman Coulter Access High-Sensitivity Troponin |
assay, and Siemens Centaur XPT High-Sensitivity Tnl
assay) in patients with ATTRwt-CM. The main study
results (Figure 5) were that (1) hs-cTnl has a strong
and independent prognostic role in patients with
ATTRwt-CM, consistent across different assays even
after multivariate adjustment; (2) despite slightly dif-
ferent metrics, a uniform threshold of hs-cTnl of 80
ng/L was effective in risk stratification for 18-month
mortality; and (3) a 2-variable staging system (based
on hs-cTnl and NP) demonstrated good prognostic
performance.

Risk stratification of patients with ATTRwt-CM s
important in everyday clinical practice, to provide prog-
nostic information and to tailor the clinical management
not only in terms of disease-modifying therapies''® but
also conventional heart failure drugs. Currently available
staging systems for risk stratification of ATTR-CM are
predominantly based on eGFR and NT-proBNP values,*
with some also incorporating diuretic dose and NYHA
classification.?? However, the use of cTn-based algo-
rithms in ATTR-CM remains limited, likely due to the lack
of hs-cTnl data comparable to those available for cTnT3/

on hs-cTnl, a biomarker widely measured in clinical prac-
tice and less influenced by renal disease, diabetes, and
general morbidity compared with hs-cTnT.?® As such, our
study represents an important step forward in expanding
the diffusion of cTn-based risk stratification algorithms
for ATTRwt-CM, particularly in centers that rely on hs-
cTnl as their standard method.

Emerging evidence is reporting how cTnl and cTnT
are not clinically interchangeable, both diagnostically
or prognostically.'9?6732 |n light chain amyloidosis, stud-
ies showed a better prognostic performance of c¢TnT
compared with cTnl,*® and this was confirmed in a more
recent study with hs-cTn assays.®* These aspects have
not been addressed in ATTRwt-CM. To the best of our
knowledge, our work is the first demonstrating that hs-
cTnl is a strong and independent predictor for mortal-
ity in patients with ATTRwt-CM. Further studies directly
comparing the performance of hs-cTnl and hs-cTnT
in patients with ATTRwt-CM are, however, needed to
increase our knowledge in this field.

The different hs-cTnl assays currently available on
the market have distinct analytical characteristics,'®%°
and their values are poorly harmonized.®® To address this
issue, we first analyzed the 3 assays separately. Based
on the available literature™ and our findings from the
Abbott and Beckman cohorts, we identified a hs-cTnl
threshold of 80 ng/L as effective for risk stratification of

Cumulative su
IS
k=
|

p < 0.001 overall
10|  Pp<0.001for1vs2 (HR stage 2: 2.57 [95% CI: 1.64-4.02], p<0.001)
p <0.001 for 2 vs 3 (HR stage 3: 2.73 [95% Cl: 1.87-3.97], p<0.001)

KM curves for survival according to the 2-variable staging system with hs-cTnl (Siemens) and NT-proBNP

Figure 4. Kaplan-Meier (KM)
curves for survival according to the
2-variable staging system based
Stage on hs-cTnl (high-sensitivity cardiac
= troponin I) >80 ng/L (Siemens) and
NT-proBNP (N-terminal pro-B-type
natriuretic peptide) >3000 ng/L.
Stage | is defined as both variables
being below the cutoffs, stage Il as 1
variable being above, and stage Ill as
both variables being above. HR indicates

T T T T T T T
0 12 24 36 a8
Months of follow-up

Stage 1

133 132 118 65 38
Stage 2

119 112 90 48 21
Stage 3

83 61 42 25 7

) hazard ratio.
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Figure 5. hs-cTnl (high-sensitivity cardiac troponin ) for risk stratification in wild-type transthyretin amyloid cardiomyopathy

(ATTRwt-CM): summary findings.

In patients with ATTRwt-CM evaluated at diagnosis with hs-cTnl with 1 of the 3 assays included in this study, a threshold of 80 ng/L can be
used for risk stratification alone and combined in a staging system with natriuretic peptides, particularly NT-proBNP (N-terminal pro-B-type
natriuretic peptide) >3000 ng/L (or BNP [B-type natriuretic peptide] >250 ng/L). KM indicates Kaplan-Meier.

18-month mortality. For the Siemens assay, we observed
a slightly different threshold and proportion of patients
with myocardial injury, likely due to differences in the
99th percentile upper reference limits.®® Nonetheless,
the 80 ng/L threshold performed well also in this cohort.
Thus, the use of an 80 ng/L threshold can be consid-
ered applicable for risk stratification of 18-month mortal-
ity when using these 3 specific hs-cTnl assays in clinical
practice. Although these assays cover the majority of hs-
cTnl assays used in Europe and the United States®” dif-
ferent assays with distinct analytical characteristics' will
require dedicated studies to validate specific thresholds.

We finally developed a 2-variable staging system,
based on the Mayo Clinic model,® using hs-cTnl>80
ng/L and elevated NP, that demonstrated good prog-
nostic performance in risk stratification of patients with
ATTRwt-CM. The prognostic value of hs-cTnl and the
2-variable staging system was maintained even after
adjusting for disease-modifying therapy and was not
different from the one of the National Amyloidosis Cen-
ter staging system (eGFR and NP). However, we think
that cTn-based systems may provide additional insights
by integrating a highly sensitive and specific marker
of myocardial injury with one of hemodynamic profile,
potentially offering a more direct assessment of car-
diac involvement and cardiomyocyte impairment. This
approach could become increasingly relevant within the

Circ Heart Fail. 2025;18:e012816. DOI: 10.1161/CIRCHEARTFAILURE.125.012816

rapidly evolving therapeutic landscape of ATTR-CM, as
it may represent a valuable tool for evaluating patients’
responses to emerging therapies.

Limitations exist. First, this is a retrospective study
with limitations intrinsic to the study design. Second, in
the Abbott and Beckman cohorts (but not in the Siemens
cohort), patients who were evaluated only in external lab-
oratories were excluded from this study, with potential
selection bias. Third, in Abbott/Beckman cohort (but not
Siemens cohort), NT-proBNP values were not always
available and, in these cases, the analysis was based on
a published threshold for BNP?2* potentially impairing the
statistical significance of NP as prognostic indicators.
Fourth, a head-to-head comparison of the prognostic
performance of the different hs-cTnl assays and hs-cTnT
versus hs-cTnl was not performed. Finally, patients with
hereditary ATTR were not included in this study due to
the heterogeneity of TTR variants in ltaly®® to ensure
genotype and phenotype uniformity. Dedicated studies
are needed to further explore the use of hs-cTnl in this
cohort.

CONCLUSIONS

In patients with ATTRwt-CM, hs-cTnl is a strong and
independent predictor of mortality. Despite the unique
metrics of the hs-cTnl assays included in this study, a
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common threshold of hs-cTnl of 80 ng/L yielded an
independent prognostic value. A 2-variable staging sys-
tem based on hs-cTnl and NP demonstrated effective
performance in prognostic risk stratification. Our findings
suggest that a staging model for ATTRwt-CM based on
cTn can be applied also in institutions utilizing hs-cTnl
measured with these 3 assays.
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