W) Check for updates

@ E S C European Journal of Heart Failure (2023) RESEARCH ARTICLE

European Society doi:10.1002/ejhf.2823
of Cardiology

Diagnostic pathways to wild-type transthyretin
amyloid cardiomyopathy: a multicentre
network study

Giacomo Tinil:2, Paolo Milani34, Mattia Zampieri®, Angelo G. Caponetti%7,
Francesca Fabris34, Andrea Foli4, Alessia Argiro>, Carlotta Mazzoni5,

Christian Gagliardi®8, Simone Longhi%8, Giulia Saturi®’, Giuseppe Vergaro?19,
Alberto Aimo?1%, Domitilla Russo?, Guerino G. Varra'l, Matteo Serenellil?,
Gioele Fabbril2, Laura De Michielil3, Giuseppe Palmierol4, Giuseppe Cilibertil3:1¢,
Samuela Carigil’, Eugenio Sessarego’, Giulia E. Mandoli'8, Giulia Ricci Lucchi??,
Valeria Rella2%, Enrico Monti?, Elisa Gardini21, Michela Bartolotti?2, Lia Crotti20:23,
Elisa Merli'?, Roberta Mussinelli4, Pier Filippo Vianello!, Matteo Cameli8,
Francesca Marzo'?, Federico Guerral3:16, Giuseppe Limongelli®14,

Alberto Cipriani13.24) Stefano Perlini34, Laura Obici4, Federico Perfetto3,

Camillo Autore?25 Italo Porto'26, Claudio Rapezzi2.277, Gianfranco Sinagra®1,
Marco Merlo® 11, Beatrice Musumeci?, Michele Emdin%19, Elena Biagini®8,
Francesco Cappelli’, Giovanni Palladini34, and Marco Canepal,26%

T Cardiology Unit, IRCCS OSpedale Policlinico San Martino, Genova, Italy; 2Cardiology, Department of Clinical and Molecular Medicine, Sapienza University of Rome, Sant’Andrea
Hospital, Rome, Italy; 3Department of Molecular Medicine, University of Pavia, Pavia, Italy; 4Amyloidosis Research and Treatment Center, Fondazione Istituto di Ricovero e Cura a
Carattere Scientifico (IRCCS) Policlinico San Matteo, Pavia, Italy; >Tuscan Regional Amyloidosis Centre|, Careggi University Hospital, Florence, Italy; ®Cardiology Unit, St. Orsola
Hospital, IRCCS Azienda Ospedaliero-Universitaria di Bologna, Bologna, Italy; ’Department of Experimental, Diagnostic and Specialty Medicine, University of Bologna, Bologna,
Italy; 8European Reference Network for Rare, Low Prevalence and Complex Diseases of the Heart-ERN GUARD-Heart; °Interdisciplinary Center of Health Sciences, Scuola
Superiore Sant’Anna, Pisa, Italy; 19Fondazione Toscana Gabriele Monasterio, Pisa, Italy; M Center for Diagnosis and Treatment of Cardiomyopathies, Cardiovascular Department,
Azienda Sanitaria Universitaria Giuliano-Isontina (ASUGI), University of Trieste, Trieste, Italy; '?Cardiologic Center, University of Ferrara, Ferrara, Italy; '3 Department of
Cardio-Thoraco-Vascular Sciences and Public Health, University of Padua, Padua, Italy; 4nherited and Rare Cardiovascular Disease Unit, University of Campania “Luigi Vanvitelli”,
AORN dei Colli, Monaldi Hospital, Naples, Italy; '>Cardiology and Arrhythmology Clinic, University Hospital “Lancisi-Umberto I-Salesi”, Ancona, Italy; *Department of
Biomedical Sciences and Public Health, Marche Polytechnic University, Ancona, Italy; 17C:11rdio|ogy Unit, Infermi Hospital, Rimini, Italy; 18Department of Medical Biotechnologies,
Division of Cardiology, University of Siena, Siena, Italy; '”Cardiology Unit, Ospedale Umberto I, Lugo- Ausl, Romagna, Italy; 2Department of Cardiology, Istituto Auxologico
Italiano IRCCS, San Luca Hospital, Cardiomyopathy Unit, Milan, Italy; 2! Cardiology Unit, Ospedale di Forli, AUSL della Romagna, Forli, Italy; 22Cardiology Unit, Ospedale di
Cesena, AUSL della Romagna, Cesena, Italy; 22 Department of Medicine and Surgery, University Milano-Bicocca, Milan, Italy; 2*Cardiology Unit, University Hospital of Padova,
Padua, Italy; 25|RCCS San Raffaele Cassino, Cassino, Italy; 26Department of Internal Medicine, University of Genova, Genoa, Italy; and 27GVM Care & Research, Maria Cecilia
Hospital, Ravenna, Italy

Received 26 October 2022; revised 23 February 2023; accepted 26 February 2023

Aim Epidemiology of wild-type transthyretin cardiac amyloidosis (ATTRwt-CA) remains poorly defined. A better
characterization of pathways leading to ATTRwt-CA diagnosis is of key importance, and potentially informative of
disease course and prognosis. The aim of this study was to describe the characteristics of contemporary pathways
leading to ATTRwt-CA diagnosis, and their potential association with survival.
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Methods
and results

This was a retrospective study of patients diagnosed with ATTRwt-CA at 17 Italian referral centres for CA. Patients
were categorized into different ‘pathways’ according to the medical reason that triggered the diagnosis of ATTRwt-CA
(hypertrophic cardiomyopathy [HCM] pathway, heart failure [HF] pathway, incidental imaging or incidental clinical
pathway). Prognosis was investigated with all-cause mortality as endpoint. Overall, 1281 ATTRwt-CA patients were
included in the study. The diagnostic pathway leading to ATTRwt-CA diagnosis was HCM in 7% of patients, HF in
51%, incidental imaging in 23%, incidental clinical in 19%. Patients in the HF pathway, as compared to the others,
were older and had a greater prevalence of New York Heart Association (NYHA) class IlI-IV and chronic kidney
disease. Survival was significantly worse in the HF versus other pathways, but similar among the three others. In
multivariate model, older age at diagnosis, NYHA class lll-IV and some comorbidities but not the HF pathway were
independently associated with worse survival.

Half of contemporary ATTRwt-CA diagnoses occur in a HF setting. These patients had worse clinical profile and
outcome than those diagnosed either due to suspected HCM or incidentally, although prognosis remained primarily
related to age, NYHA functional class and comorbidities rather than the diagnostic pathway itself.

Graphical Abstract

1,281 patients (mean age 78 years, 89% males) from 17 Italian centers between Jan 2017 and Dec 2021
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PM, pacemaker.
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Introduction

of key importance. Indeed, medications that slow TTR amyloid
Cardiac amyloidosis (CA) due to transthyretin (TTR) deposition deposition have shown beneficial effects on survival in patients
within the cardiac tissue is increasingly recognized in its wild-type
form (ATTRwt-CA) due to the possibility of performing, in the

majority of cases, a non-invasive diagnosis combining scintigra-

with mild heart failure (HF) symptoms and after a relatively
long period of treatment.®’ Identification of scenarios in which
ATTRwt-CA is diagnosed earlier in the disease course and with

phy with bone tracers, blood tests for ruling out a monoclonal
gammopathy and genetic analysis.' Although specific clinical
conditions have been recognized where CA is prevalent, the
epidemiology of ATTRwt-CA remains poorly defined.*> As novel
therapies for CA treatment are becoming available, a better
characterization of pathways leading to ATTRwt-CA diagnoses is

a low associated comorbidity burden may thus help optimize
cost-effectiveness of specific treatments.*® However, screening
for TTR-related CA in selected clinical settings, such as HF
with a preserved left ventricular ejection fraction (LVEF) and
aortic stenosis undergoing intervention, has led to diagnoses in
patients usually >80years old and with several comorbidities,
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Pathways to ATTRwt cardiac amyloidosis diagnosis

possibly missing subjects who might benefit most from earlier
interventions.*

We designed the present retrospective observational nation-
wide study with the aim of describing characteristics of contempo-
rary pathways leading to AT TRwt-CA diagnosis, and their potential

association with survival.

Methods

The Dlagnostic pathways to transthyretin AMyloid cardiomyOpathy: a
multicentre Network stuDy (DIAMOND) was a retrospective study of
patients with a final diagnosis of ATTRwt-CA among 17 Italian referral
centres for CA. Inclusion criteria were: (i) a definite diagnosis of
ATTRwt-CA according to the Gillmore algorithm,” (ii) first evaluation
between January 2016 and December 2021, (jii) age at first evaluation
>18years, and (iv) written informed consent for the collection and
treatment of anonymized clinical data for research purpose. Patients
were enrolled regardless of their vital status at the time of data
collection.

Patients fulfilling inclusion criteria were categorized into different
‘pathways’ according to the medical reason that triggered the diagno-
sis of ATTRwt-CA, based on previous literature®*9-11
experience. Pathways were mutually exclusive one with another and
hierarchical. Exclusive means that patients could be categorized only

and authors’

in one pathway. Hierarchical means that the investigator collecting the
data had the possibility to move from the first pathway to the next
only if the condition of the first pathway was not fulfilled. The diag-
nostic pathway flowchart is described in online supplementary Figure
Appendix S1. The first pathway to be confirmed or excluded was that
of a previous diagnosis of hypertrophic cardiomyopathy (HCM) (HCM
pathway). Patients were included in this pathway if they had a previous
definite diagnosis of HCM and only after were re-evaluated and diag-
nosed with ATTRwt-CA. For this pathway, we collected information
regarding ‘red flags’ triggering case re-evaluation and ATTRwt-CA diag-
nosis, and history of previous HF hospitalizations (HFH). If the HCM
pathway was excluded, the following option was that of a medical eval-
uation due to HF (HF pathway). We collected information regarding
the type of HF evaluation (HFH vs. outpatient); history of previous
HF evaluations; LVEF at time of index HF evaluation. If the HF path-
way was excluded, the following option was that of an ATTRwt-CA
diagnosis triggered by incidental imaging testing findings (incidental imag-
ing pathway). Only patients undergoing imaging testing without known
or manifested cardiac disease or symptoms could be included in this
pathway. For this pathway, we collected information regarding type of
imaging testing (echocardiography, cardiac magnetic resonance [CMR],
bone scintigraphy) and reason for testing. If the incidental imaging path-
way was excluded, the last option was that of ATTRwt-CA diagnosis
reached after a suspicion was raised during a medical evaluation due to
causes other than HCM or HF (incidental clinical pathway). Only patients
with new-onset medical conditions in whom, during clinical evaluation,
specific findings triggered the diagnosis of ATTRwt-CA were included
in this pathway. For this pathway, we collected information regarding
reason for the medical evaluation.

Two independent investigators (G.T. and M.C.) reviewed pathway
information and confronted with each centre in case of uncertainty
regarding inclusion in a specific pathway.

For all pathway, we also collected information regarding the date
of the index evaluation and the date of definite ATTRwt-CA diagno-
sis (which was established as the date of bone scintigraphy and/or
biopsy); age at diagnosis; sex; clinical characteristics at the time of

ATTRwt-CA diagnosis, including: arterial hypertension, diabetes melli-
tus, coronary artery disease (CAD), chronic kidney disease (CKD),
chronic obstructive pulmonary disease (COPD), history of cancer
(previous or active), known atrial fibrillation (AF), pacemaker implan-
tation, implantable cardioverter defibrillator (ICD) implantation, New
York Heart Association (NYHA) functional class at diagnosis; status at
time of data collection (dead vs. alive; in the first case, date of death
was collected). Prognosis was investigated with all-cause mortality as
endpoint. Time to diagnosis was defined as the time from the date
of the index evaluation (i.e. date of pathway inclusion: date of HCM
diagnosis; date of index HF evaluation; date of imaging testing; date of
clinical evaluation) and the date of ATTRwt-CA definite diagnosis.

Data were collected and managed using the Research Electronic
Data Capture (REDCap) tool hosted at the Department of Internal
Medicine of the University of Genoa, Italy.'? The Institutional Review
Board of the Genova institution approved the study protocol and the
collection of retrospective anonymized data on 24 November 2020.
Data collection started on 11 October 2021 and completed on 10
January 2022. The database was locked in March 2022, with 1336
ATTRwt-CA patients initially included. After revision, 55 duplicate
patients were excluded, leaving a final sample of 1281 patients, with
719 patients diagnosed at the three largest centres of Pavia (n = 347,
27%), Firenze (n = 221, 17%) and Bologna (n = 151, 12%), and the
remaining at centres contributing with 1-6% of the study population
each.

Continuous variables were reported as mean =+ standard deviation
or as median with interquartile range (IQR). The distribution of
continuous variables across all pathways was compared with the
ANOVA test, and differences between each pair of pathways with the
Tukey—Kramer test. The standard chi-square test was used to compare
proportions. A p-value <0.05 was considered statistically significant.
Survival analyses were conducted with the Kaplan—Meier method,
and univariate and multivariate Cox regression analysis. Multivariate
analysis included all variables with a significant univariate association. A
backward stepwise elimination method was used for variable selection
in multivariate analysis, and only variables with p <0.10 were included
in the final model. Statistical analysis was performed using SAS 9.4 (SAS
Corporation, Cary, NC, USA).

Results

The study population was of 1281 ATTRwt-CA individuals.
Three-quarters were diagnosed after the year 2017, with a peak
of diagnoses in the years 2018-2019 (2016—-2017: n = 322, 25%;
2018-2019: n = 526, 41%; 2020—2021: n = 433, 34%). Overall
characteristics of included patients are displayed in Table 7. Mean
age at ATTRwt-CA diagnosis was 78 + 7 years, and it significantly
increased from the first to the last 2-year period (2016-2017:
76 +7 years; 2018-2019: 78 + 7 years; 2020—-2021: 79 + 7 years,
p <0.0001). Nine out of ten patients were male, although the
percentage of females displayed an increase with time (8% vs. 10%
vs. 15%, p <0.0001). At the time of diagnosis, 71% of patients
were in NYHA functional class I-Il (NYHA class I: 15%, NYHA
class Il: 56%, NYHA class Ill: 27%, NYHA class IV: 2%), 62% had
AF, 15% were already implanted with a pacemaker and 6% with an
ICD. Overall median time to diagnosis was 4 [1—9] months.

The diagnostic pathway leading to ATTRwt-CA diagnosis was
that of a re-evaluation in the context of a previous diagnosis of
HCM in 94 (7%) patients, of HF in 651 (51%), of incidental imaging

© 2023 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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Table 1 Characteristics of wild-type transthyretin amyloid cardiomyopathy patients across diagnostic pathways

Overall HCM HF Incidental Incidental p-value Significant pathway vs.
study pathway pathway imaging clinical pathway comparisons
cohort () (b) pathway pathway
(<) (C))
N (%) 1281 94 (7) 651 (51) 300 (23) 236 (19)
Sex 0.10 b vs. c*
Male 1143 (89) 87 (93) 568 (87) 276 (92) 212 (90)
Female 138 (11) 7(7) 83 (13) 24 (8) 24 (10)
Age (years) 78 +7 75+7 79 +7 77 +7 78 +7 <0.0001  avs. b¥%* avs. d¥ bvs. c*
NYHA class <0.0001  avs. b** b vs. c®* b vs., d¥*
1/ 907 (71) 79 (84) 366 (56) 262 (87) 200 (85)
nnv 374 (29) 15 (16) 285 (44) 38 (13) 36 (15)
Arterial hypertension 947 (74) 65 (69) 476 (73) 227 (76) 179 (76) 0.52 -
Diabetes mellitus 231 (18) 15 (16) 138(21) 42 (14) 36 (15) 0.03 b vs. c*
CAD 257 (20) 15 (16) 128 (20) 58 (19) 56 (24) 0.37 -
CKD 564 (44) 31 (33) 328 (50) 115 (38) 90 (38) <0.0001 avs. b** bvs. c* bvs. d**
COPD 169 (13) 14 (15) 105 (16) 30 (10) 20 (9) 0.01 b vs. ¢, b vs. d*
Cancer <0.0001 avs. c® bvs. ¥ cvs. dFF
Previous 183 (14) 11 (12) 87 (13) 58 (19) 27 (11)
Active 66 (5) 3(3) 21 (3) 36 (12) 6(3)
Atrial fibrillation 799 (62) 60 (64) 423 (65) 152 (51) 164 (70) <0.0001 avs. c* bvs. ¢ cvs. d*F
Pacemaker 197 (15) 14 (15) 102 (16) 33(11) 48 (20) <0.0001 cvs. d**
ICD 72 (6) 14 (15) 31 (5) 11 (4) 16 (7) <0.0001  avs. b¥* avs. ¥ avs. d¥ c vs. d*

Time to diagnosis (months) 4 [1-9]

29[8-56] 3[1-8] 3[1-7]

4[1-10] <0.0001 avs. all others™*

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

CAD, coronary artery disease; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; HCM, hypertrophic cardiomyopathy; HF, heart failure; ICD,

implantable cardioverter defibrillator; NYHA, New York Heart Association.
*p <0.05.

*p<0.01.

R < 0.001.

findings in 300 (23%), and of a medical evaluation for a reason other
than HCM or HF in 236 (19%) (Figure 7).

Description of pathways
Hypertrophic cardiomyopathy pathway

Mean age at diagnosis in the HCM pathway was 75 + 7 years. The
main reasons reported as a ‘red flag’ suggesting a diagnosis different
from HCM and leading to case re-evaluation were: symmetric
left ventricular hypertrophy and/or right ventricular hypertrophy
(n = 72), history of carpal tunnel surgery (n = 34), unexpected
CMR or electrocardiogram (ECG) findings (n = 32). Furthermore,
35 (37%) patients had experienced a HFH prior to ATTRwt-CA
diagnosis.

Heart failure pathway

Mean age at diagnosis in the HF pathway was 79 + 7 years. The HF
event leading to ATTRwt-CA diagnosis was a HFH in 399 (61%)
patients and an outpatient evaluation in 252 (39%) (Figure 7). In
276 (42%) cases, this was the last of >1 evaluations due to HF
in the patient’s medical history (in 160 hospitalized patients and
in 116 outpatients). A total of 341 (52%) patients had HF with
preserved (>50%), 191 (29%) with mildly reduced (41-49%) and

119 (18%) with reduced (<40%) LVEF. NYHA functional class [lI-1V
was reported in 285 (44%) patients. Significant differences between
HFH and outpatient individuals were noticed for NYHA class lll-IV
(47% vs. 39%, p = 0.03), diabetes mellitus (24% vs. 16%, p = 0.01),
CAD (23% vs. 15%, p = 0.02), AF (68% vs. 60%, p = 0.03) and
reduced LVEF (24% vs. 10%, p <0.0001).

Incidental imaging pathway

Mean age at diagnosis in the incidental imaging pathway was 77
+ 7 years. The imaging testing was echocardiography in 221 (74%),
CMR in 23 (7%), and bone scintigraphy in 56 (19%) of cases
(Figure 7). Reasons for imaging testing leading to ATTRwt-CA
diagnosis are reported in online supplementary Table Appendix S1.

Incidental clinical pathway

Mean age at diagnosis in the incidental clinical pathway was 78
+7years. In 221 (94%) cases, the medical evaluation leading to
ATTRwt-CA diagnosis was due to cardiovascular reasons, includ-
ing new-onset AF (n = 50), pacemaker implantation (n = 32),
chest pain (excluding coronary syndromes, n = 29), severe aor-
tic stenosis (n = 27) and ischaemic stroke (n = 17). Amongst 15
(16%) evaluations due to non-cardiovascular reasons, the majority

© 2023 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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Figure 1 Distribution of wild-type transthyretin amyloid (ATTRwt) cardiomyopathy patients across diagnostic pathways. AF, atrial fibrillation;
AoS, aortic stenosis undergoing valve replacement intervention; Arr, arrhythmias; CMR, cardiac magnetic resonance; CTS, carpal tunnel
syndrome; Echo, echocardiography; HCM, hypertrophic cardiomyopathy; HF, heart failure; HFH, heart failure hospitalization; PM, pacemaker.

(n = 9) were advised after bilateral carpal tunnel syndrome surgery
(Figure 1 and online supplementary Table Appendix S7). There
were few significant differences between the diverse subgroups
included in the incidental clinical pathway (online supplementary
Table S2). Within the pathway, patients from diverse subgroups
showed similar age at diagnosis, sex and NYHA functional class
llI-IV distribution, prevalence of arterial hypertension, diabetes
mellitus, CKD, COPD and active cancer. CAD was more com-
mon in those receiving a diagnosis during severe aortic stenosis
assessment and in those evaluated incidentally for other cardio-
vascular reasons (including acute coronary syndrome). Time to
ATTRwt-CA diagnosis was longer in the carpal tunnel syndrome
subgroup.

Differences between pathways

Differences between diagnostic pathways are shown in Table 1. Dis-
tribution of diagnostic pathways did not significantly change over
time, except for fewer diagnoses in the HF pathway in the most
recent years (2016-2017: 54%; 2018-2019: 53%; 2020-2021:

45%, p = 0.02; online supplementary Figure S2). In all pathways as
in the overall population, age at ATTRwt-CA diagnosis increased
over time (online supplementary Figure S3). Patients were the old-
est in the HF pathway, and the youngest in the HCM pathway. There
was a male predominance in all pathways; females were signifi-
cantly more prevalent in the HF versus incidental imaging pathway.
NYHA functional class lll-IV, CKD and COPD were significantly
more common in the HF versus all other pathways (except for
COPD which had a similar prevalence in the HCM one). Diabetes
mellitus was more common only in the HF versus the inciden-
tal imaging pathway. Known AF at diagnosis had a significantly
lower prevalence in the incidental imaging versus all other path-
ways, while a history of cancer was significantly more frequent in
the former. ICD implantation was significantly more frequent in
the HCM versus all other pathways. Arterial hypertension, CAD
and pacemaker implantation had a similar prevalence across path-
ways (except for pacemaker implantation at diagnosis which was
less common in the incidental imaging vs. incidental clinical path-
way). Time to diagnosis (i.e. from the date of pathway inclusion
to the date of definitive diagnosis) was the longest in the HCM

© 2023 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.

85U8017 SUOWILLIOD BAFe8ID) 8|l |dde au Aq pausenob aJe sajolfe YO ‘8sn Jo Sa|nJ 1oy AkeiqiT 8UlUO A8 UO (SUOpUo-pue-SWLBH LD A8 | AReiq Ul juo//:SdNU) SUORIPUOD Pue SWiB | 8y} 88S *[£202/70/20] Uo ArigiTauliuo A8]IM e1feleueIy00D Aq £282 U /200T 0T/10p/wod A8 1M Arelq1jeul|uoj/Sdny woiy pepeo|umoq ‘0 ‘780681



G. Tini et al.

10 Pathways
’ . _rHCM
HF
Incidental imaging
- K Incidental clinical
0,8 B
—_— p=0.32
| _—
p <0.0001
_ 06
©
2
<
>
(/5]
0,4
0,2+
0,0+
I ] 1 | I | I 1 | | I I ) 1 |
0 6 12 18 24 30 36 42 48 54 60 66 72 78 84
Follow-up (months)
HCM 94 84 74 65 57 48 35 25
HF 651 539 447 392 314 231 182 143
Incidental
imaging 300 259 219 180 142 112 83 66
Incidental 5, 197 162 142 124 94 76 67
clinical

Number at risk

Figure 2 Kaplan—Meier estimates of survival of wild-type transthyretin amyloid (ATTRwt) cardiomyopathy patients across diagnostic

pathways. HCM, hypertrophic cardiomyopathy; HF, heart failure.

pathway, but similar in the other three pathways, although a wide
distribution was noticed within each pathway (online supplemen-
tary Figure $4).

Influence of diagnostic pathways
on mortality

During a median follow-up of 47 (20—81) months, 291 (23%)
patients died: 21 (22%) in the HCM pathway, 183 (28%) in the HF,
53 (18%) in the incidental imaging, and 34 (14%) in the incidental
clinical (p <0.0001). At Kaplan—Meier analysis, survival was signif-
icantly worse in the HF versus other pathways (p log < 0.0001), but
was similar among the three others (p log = 0.32) (Figure 2). The
HF pathway was significantly associated with increased mortality
at univariate Cox regression analysis (hazard ratio 1.8 [1.4-2.3],
p <0.0001), together with age at diagnosis, NYHA functional class

II-1V, arterial hypertension, diabetes mellitus, CAD, CKD, COPD
and active cancer (Graphical Abstract). Age at diagnosis, NYHA
functional class -1V, arterial hypertension, diabetes mellitus,
CKD and active cancer remained independently associated with
increased mortality at multivariate analysis, whereas the HF path-
way did not (Table 2). Age at diagnosis was significantly associated
with increased mortality in all pathways (online supplementary
Table S3), with no significant interaction between age at diagno-
sis and pathway (p = 0.29). Within the larger HF pathway, HFH
(vs. outpatient evaluation) and reduced LVEF were also signifi-
cantly associated with increased mortality together with age at
diagnosis and NYHA functional class Ill-1V (online supplementary
Table S3). A Kaplan—Meier analysis exploring survival differences
between the diverse subgroups of patients included in the inciden-
tal clinical pathway showed similar mortality (plog = 0.72, online
supplementary Figure S5).

© 2023 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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Table 2 Univariate and multivariate Cox regression analysis for mortality

Variable Univariate
HR (95% CI)
HF vs. other pathways 1.8 (1.4-2.3)
Age at diagnosis 1.1(1.1-1.2)
NYHA functional class Ill-IV 2.8 (2.2-3.5)
Arterial hypertension 1.5 (1.1-2.0)
Diabetes mellitus 1.5 (1.1-2.0)
CAD 1.3 (1.0-1.7)
CKD 1.7 (14-22)
COPD 14 (1.1-1.9)
Cancer (active) 1.8 (1.2-2.8)
Atrial fibrillation 1.1 (0.9-1.4)
Pacemaker carrier 0.9 (0.7-1.3)
ICD carrier 1.2 (0.8-1.8)
Diagnostic delay (months) 1.0 (0.9-1.0)

Multivariate

p-value HR (95% CI) p-value
<0.0001 - -
<0.0001 1.1(1.0-1.1) <0.0001
<0.0001 22 (1.7-27) <0.0001
0.01 14 (1.1-19) 0.01
0.003 1.5 (1.1-2.0) 0.01
0.05 - -
<0.0001 14 (1.1-18) 0.01
0.02 - -
0.01 1.9 (12-29) 0.01
0.49 - -
0.62 - -
0.48 - -
0.86 - -

CAD, coronary artery disease; Cl, confidence interval; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; HF, heart failure; HR, hazard ratio; ICD,

implantable cardioverter defibrillator; NYHA, New York Heart Association.

Discussion

The DIAMOND study described epidemiology of ATTRwt and
diagnostic pathways leading to its diagnosis in a large, real-world,
nationwide, contemporary cohort. In our population, we found
a mean age at diagnosis of 78years and a high prevalence of
NYHA functional class Il patients and of AF. We also reported an
increase in the number of ATTRwt-CA diagnoses over time, and a
concurrent increase in the average age at diagnosis (from 76 years
in 2016 to 79 years in 2021).

This is the first multicentre study specifically aimed at describ-
ing diagnostic pathways to ATTRwt-CA. It has been acknowledged
that CA, and ATTRwt-CA in particular, may be concealed in spe-
cific ‘at-risk’ populations, among which are patients with HF with
a preserved LVEF, aortic stenosis undergoing interventions and left
ventricular hypertrophy (either unexplained or initially attributed
to HCM). Yield of screening for TTR-related CA in these condi-
tions ranged from 11% to 15%.*° However, how patients reach
an ATTRwt-CA diagnosis outside these scenarios is poorly investi-
gated. In a previous cohort of 108 ATTRwt-CA patients from two
referral centres (Bologna and Madrid), the clinical profile leading to
diagnosis was HF in 68%, unexplained left ventricular hypertrophy
in 14%, an incidental diagnosis in 11% and atrioventricular con-
duction disorder in 7% of cases.’ In a more recent single-centre
French cohort including 122 ATTRwt-CA patients, symptoms of
HF were identified as the first manifestation of the disease in 50%
of cases, with most of the remaining patients being diagnosed in
the absence of symptoms during routine follow-up for a known
chronic condition such as arterial hypertension.' Similarly, in our
cohort, half of ATTRwt-CA diagnoses occurred in the HF pathway,
about 40% in the incidental pathway (either imaging or clinical) and
less than 10% in patients previously labelled as having HCM. We
found that ATTRwt-CA patients in the HF pathway were older,
with worse NYHA functional class and higher prevalence of CKD

as compared to the other pathways. In about 60% of these patients
the suspect of the disease was raised only at the time of an HFH.
Moreover, half of patients in the HF pathway had a preserved LVEF
These two pieces of information are of great relevance when con-
sidering that this is a population increasingly admitted and managed
in non-cardiological wards.*'® Besides HF, most of ATTRwt-CA
diagnoses were done in the incidental pathways, in which prevailed
patients undergoing echocardiography for routine examinations or
bone scintigraphy not for CA diagnosis or patients with new-onset
arrhythmic disorders (AF or pacemaker implantation). These find-
ings strengthen those from previous smaller series.”'® The fact
that the two large incidental pathways included patients in which
ATTRwt-CA diagnoses were reached ‘by chance’, with a vast het-
erogeneity of presentation outside the more defined clinical setting
of HF, is representative of the increasing awareness toward the
disease in recent years. This ‘sensibilization’ has also been driven
by the surfacing of novel treatments, which have transformed
ATTRwt-CA from an incurable to a potentially treatable disease.>"®
Our temporal trend analysis confirmed an exponential rise in the
number of ATTRwt-CA diagnoses in most recent years,'®~2' which
were increasingly performed in the incidental pathways (from 38%
in the years 2016—-2017 to 47% in the years 2020—2021; online
supplementary Figure S2). A recent large Italian screening initiative
involving 5315 patients undergoing echocardiography for reasons
other than CA found 381 (7%) examinations suggestive for CA,
with 62 patients finally diagnosed with CA (1.2%), including 51
TTR-related CA and 11 light chain-CA. Notably, TTR-related CA
patients were on average 79years of age at diagnosis, with 35%
having a history of HF and a mean LVEF of 55%.22 This approach
would reasonably further enhance the opportunity to diagnose CA
earlier than commonly performed with current symptom-driven
approach.

Of note, this growing awareness toward AT TRwt-CA does not
seem to directly translate into timely diagnoses. In our study, time

© 2023 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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to diagnosis was relatively short, with a median of 4 months,
as it represented time from the index event raising the suspi-
cion of ATTRwt-CA to the definite diagnosis. Previous studies
instead investigated time from first appearance of symptoms or
events potentially related to the disease (i.e. diagnostic delay) and
reported longer periods, ranging from months to years.81319:2023.24
Our data indicate that a previous event, similarly bearing the poten-
tiality of suggesting ATTRwt-CA diagnosis, was missed in many
cases from our cohort as well. For example, the number of patients
receiving an ATTRwt-CA diagnosis after new-onset AF was rel-
atively low (about one out of five cases in the incidental clinical
pathway), yet AF was extremely common in the entire cohort.
Thus, it cannot be excluded that in some cases, across all pathways,
development of AF was overlooked and not investigated. Similarly,
42% of patients in the HF pathway already had at least one previ-
ous HF event in their clinical course, during which ATTRwt-CA
was not suspected. Moreover, NYHA class llI-IV was found in
13-15% of patients in the incidental pathways, meaning that in
these cases a ‘concealed’ HF status was missed. The HCM pathway
is the exemplification of this concept, as after the HCM diagno-
sis was established, it took a median of 29 months to be recon-
sidered. A recent study showed a 17% CA prevalence among
patients >60years of age with an initial diagnosis of HCM, which
in most cases was TTR-related.’ Importantly, HCM is increas-
ingly diagnosed at older ages,”® thus cardiologists should main-
tain a high level of suspicion for phenocopies in order to prevent
delay in the diagnosis and treatment of specific diseases such as
ATTRwt-CA.

A relevant result of our study is that differences between path-
ways were driven by the HF one. Indeed, the profile of pathways
other than HF was relatively similar. Accordingly, these had compa-
rable survival. One of the scopes of describing pathways leading to
ATTRwt-CA diagnosis was to characterize patients and to poten-
tially identify the fitter candidates for disease-modifying therapies.
However, rather than the pathways themselves, in our study, older
age at diagnosis, advanced NYHA functional class and comorbidi-
ties such as arterial hypertension and CKD appeared associated
with increased mortality. These clinical variables are indeed more
represented in the HF pathway, thus indicating that prognosis is
influenced not by the pathway itself, but by the clinical charac-
teristics of the patients included in it. Where and how to look
for ATTRwt-CA patients with the greater probability to be pre-
scribed and respond to disease-modifying treatments remains to
be defined.*> Our results may somehow help in a reverse man-
ner, as the majority of diagnoses occurred in the HF pathway,
where patients were the oldest and had the most comorbidities,
representing a subgroup with an already reduced survival proba-
bility and hence likely to benefit less from disease-specific treat-
ments.® A more refined characterization of features that define
frailty versus fitness of ATTRwt-CA patients, beside the inevitable
toll of age, is strongly needed.?*=2% Such an approach would be of
value both in evaluating patients diagnosed in pathways other than
the HF one, but also within this latter, being it the most repre-
sented, here and in previous literature.”'* Building on epidemio-
logical data to improve characterization of ATTRwt-CA patients
would be of particular importance not only to optimize patients’

management, but also to identify the best timing and modality of
treatments, which will necessarily increasingly take into account
cost-effectiveness issues.”’ These issues appear even more impor-
tant if considering the trend of increasing age at diagnosis found in
our cohort.

The present study has strengths and limitations that should be
acknowledged. The large sample collected from multiple centres
offered a unique opportunity to investigate diagnostic pathways
to ATTRwt-CA diagnosis in an unbiased manner. As per study
protocol, investigators were requested to include only patients
with a definite ATTRwt-CA diagnosis according to the Gillmore
algorithm.” This is why we specifically chose to analyse only
ATTRwt-CA patients diagnosed after January 2016. Nonetheless,
there was no centralized validation of diagnoses. Detailed features
at the time of diagnosis (including therapies at and after diagno-
sis, ECG, echocardiographic parameters and cardiac biomarkers)
and prospective events other than death were not entered into
the database to streamline data collection according to the orig-
inal aims of the project. Our results, and in particular the asso-
ciations found for prognosis, are thus limited by the absence of
the aforementioned variables. A hierarchical approach was used
for pathway identification to improve data consistency and to sim-
plify the assignment of cases potentially fitting into different path-
ways, which nonetheless were centrally reviewed and discussed.
This approach was specifically built for this study, thus, its gener-
alizability may be limited and needs to be tested in cohorts from
other regions. We were not able to perform detailed sub-pathway
analysis and comparisons due to the low number of patients
included in each of these sub-groups, especially in the inciden-
tal imaging and clinical pathways. Finally, as previously discussed,
we dated time to diagnosis from date of first clinical suspicion
rather than symptom onset. This means that the true diagnostic
delay (i.e. from symptom onset) may be underestimated in our
study.

Conclusion

In conclusion, our findings depict contemporary epidemiological
and clinical characteristics of ATTRwt-CA patients and the path-
ways leading to their diagnosis. Our description of diagnostic path-
ways may serve as a benchmark for future characterization of fea-
tures and course of the disease, overall and within each pathway.
Half of ATTRwt-CA diagnoses occurred in the HF pathway; these
patients had the worse clinical profile and outcome. However,
despite some differences, none of the three other pathways com-
prised ‘fit’ patients, and age at diagnosis, NYHA functional class and
some comorbidities appeared as the most important factors influ-
encing prognosis overall and in each pathway. Future prospective
initiatives aiming at identifying settings favouring early ATTRwt-CA
diagnoses are warranted.

Supplementary Information

Additional supporting information may be found online in the
Supporting Information section at the end of the article.

© 2023 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.

85U8017 SUOWILLIOD BAFe8ID) 8|l |dde au Aq pausenob aJe sajolfe YO ‘8sn Jo Sa|nJ 1oy AkeiqiT 8UlUO A8 UO (SUOpUo-pue-SWLBH LD A8 | AReiq Ul juo//:SdNU) SUORIPUOD Pue SWiB | 8y} 88S *[£202/70/20] Uo ArigiTauliuo A8]IM e1feleueIy00D Aq £282 U /200T 0T/10p/wod A8 1M Arelq1jeul|uoj/Sdny woiy pepeo|umoq ‘0 ‘780681



Pathways to ATTRwt cardiac amyloidosis diagnosis

Acknowledgement

Open Access Funding provided by Universita degli Studi di Genova
within the CRUI-CARE Agreement.

Funding

This work was supported by the unrestricted general research grant
#64890405 by Pfizer, without any control on intellectual contents; and by
the Italian Ministry of Health, RC-2022-2 773 270 project.

Conflict of interest: No conflicts of interest to declare for any author
in relation to the submitted work. Outside the submitted work: PM.
received honoraria and advisory fees from Janssen-Cilag and Pfizer.
A.G.C. received advisor fees from Pfizer. A.C. received a research grant
from Pfizer. G.S. received fees from Biotronik, Boston Scientific, Astra
Zeneca and Novartis. M.M. received fees from Pfizer, Novartis and
Vifor Pharma, and an unrestricted general research grant on amyloido-
sis by Pfizer, without any control on intellectual contents. B.M. received
advisor fees from Pfizer and Alnylam. E.B. received advisor fees from
Amicus, Sanofi Genzyme, Takeda. G.P. received honoraria from Alex-
ion, Argobio, Janssen, Protego, The Binding Site, Pfizer, Prothena, Sebia,
Siemens, and research fundings from Gate bioscience and The Binding
Site. M.C. received speaker and advisor fees from Akcea Therapeutics,
Alnylam, Astrazeneca, Boehringer Ingelheim, Boston Scientific, Novar-
tis, Pfizer, Sanofi e Sanofi Genzyme, and two investigator-initiated grants
from Pfizer.

References

1. Gillmore JD, Maurer MS, Falk RH, Merlini G, Damy T, Dispenzieri A,
et al. Nonbiopsy diagnosis of cardiac transthyretin amyloidosis. Circulation.
2016;133:2404-12.

2. Garcia-Pavia P, Rapezzi C, Adler Y, Arad M, Basso C, Brucato A, et al. Diagnosis
and treatment of cardiac amyloidosis. A position statement of the European
Society of Cardiology Working Group on Myocardial and Pericardial Diseases.
Eur | Heart Fail. 2021;23:512-26.

3. Alexander KM, Masri A. Recipe for success in transthyretin cardiomyopathy. JACC
Cardiovasc Imaging. 2021;14:1232—-4.

4. Tini G, Sessarego E, Benenati S, Vianello PF, Musumeci B, Autore C, et al. Yield
of bone scintigraphy screening for transthyretin-related cardiac amyloidosis in
different conditions: methodological issues and clinical implications. Eur | Clin
Invest. 2021;51:e13665.

5. Aimo A, Merlo M, Porcari A, Georgiopoulos G, Pagura L, Vergaro G, et al.
Redefining the epidemiology of cardiac amyloidosis. A systematic review and
meta-analysis of screening studies. Eur | Heart Fail. 2022;24:2342-51.

6. Maurer MS, Schwartz JH, Gundapaneni B, Elliott PM, Merlini G,
Waddington-Cruz M, et al. ATTR-ACT Study Investigators. Tafamidis treat-
ment for patients with transthyretin amyloid cardiomyopathy. N Engl | Med.
2018;379:1007-16.

7. Ando Y, Adams D, Benson MD, Berk JL, Planté-Bordeneuve V, Coelho T,
et al. Guidelines and new directions in the therapy and monitoring of ATTRv
amyloidosis. Amyloid. 2022;29:143-55.

8. Fumagalli C, Zampieri M, Perfetto F, Zocchi C, Maurizi N, Tassetti L, et al.
Early diagnosis and outcome in patients with wild-type transthyretin cardiac
amyloidosis. Mayo Clin Proc. 2021;96:2185-91.

9. Gonzilez-Lopez E, Gagliardi C, Dominguez F, Quarta CC, de Haro-Del Moral
FJ, Milandri A, et al. Clinical characteristics of wild-type transthyretin cardiac
amyloidosis: disproving myths. Eur Heart J. 2017;38:1895-904.

10. Maurizi N, Rella V, Fumagalli C, Salerno S, Castelletti S, Dagradi F, et al.
Prevalence of cardiac amyloidosis among adult patients referred to tertiary

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

centres with an initial diagnosis of hypertrophic cardiomyopathy. Int | Cardiol.
2020;300:191-5.

. Maurer MS, Bokhari S, Damy T, Dorbala S, Drachman BM, Fontana M,

et al. Expert consensus recommendations for the suspicion and diagnosis of
transthyretin cardiac amyloidosis. Circ Heart Fail. 2019;12:€006075.

. Harris PA, Taylor R, Minor BL, Elliott V, Fernandez M, O’Neal L, et al. REDCap

Consortium. The REDCap Consortium: building an international community of
software platform partners. | Biomed Inform. 2019;95:103208.

. Dang D, Fournier P, Cariou E, Huart A, Ribes D, Cintas P, et al. Gate-

way and journey of patients with cardiac amyloidosis. ESC Heart Fail. 2020;7:
2418-30.

. Ricciardi E, La Malfa G, Guglielmi G, Cenni E, Micali M, Corsello LM, et al.

Characteristics of current heart failure patients admitted to internal medicine
vs. cardiology hospital units: the VASCO study. Intern Emerg Med. 2020;15:
1219-29.

. Canepa M, Kapelios CJ, Benson L, Savarese G, Lund LH. Temporal trends of

heart failure hospitalizations in cardiology versus noncardiology wards according
to ejection fraction: 16-year data from the SwedeHF registry. Circ Heart Fail.
2022;15:€009462.

. Brons M, Muller SA, Rutten FH, van der Meer MG, Vrancken AFJE, Minnema MC,

Baas AF, Asselbergs FW, Oerlemans MIF]. Evaluation of the cardiac amyloidosis
clinical pathway implementation: a real-world experience. Eur Heart | Open
2022;2:0eac011.

. Gilstrap LG, Dominici F, Wang Y, El-Sady MS, Singh A, Di Carli MF, et al.

Epidemiology of cardiac amyloidosis-associated heart failure hospitalizations
among fee-for-service Medicare beneficiaries in the United States. Circ Heart Fail.
2019;12:e005407.

. Zampieri M, Nardi G, Del Monaco G, Allinovi M, Gabriele M, Zocchi C, et al.

Changes in the perceived epidemiology of amyloidosis: 20 year-experience from
a tertiary referral centre in Tuscany. Int | Cardiol. 2021;335:123-7.

. Lane T, Fontana M, Martinez-Naharro A, Quarta CC, Whelan CJ, Petrie A, et al.

Natural history, quality of life, and outcome in cardiac transthyretin amyloidosis.
Circulation. 2019;140:16-26.

Nativi-Nicolau |, Siu A, Dispenzieri A, Maurer MS, Rapezzi C, Kristen AV, et al.
THAOS Investigators. Temporal trends of wild-type transthyretin amyloid car-
diomyopathy in the Transthyretin Amyloidosis Outcomes Survey. JACC CardioOn-
col. 2021;3:537—-46.

Lauppe R, Liseth Hansen ], Fornwall A, Johansson K, Rozenbaum MH, Strand
AM, et al. Prevalence, characteristics, and mortality of patients with transthyretin
amyloid cardiomyopathy in the Nordic countries. ESC Heart Fail. 2022;9:2528-37.
Merlo M, Pagura L, Porcari A, Cameli M, Vergaro G, Musumeci B, et al.
Unmasking the prevalence of amyloid cardiomyopathy in the real world: results
from Phase 2 of the AC-TIVE study, an Italian nationwide survey. Eur | Heart Fail.
2022;24:1377-86.

Rozenbaum MH, Large S, Bhambri R, Stewart M, Whelan J, van Doornewaard A,
Dasgupta N, Masri A, Nativi-Nicolau J. Impact of delayed diagnosis and misdi-
agnosis for patients with transthyretin amyloid cardiomyopathy (ATTR-CM): a
targeted literature review. Cardiol Ther 2021;10:141-59.

Debonnaire P, Claeys M, De Smet M, Trenson S, Lycke M, Demeester C, et al.
Trends in diagnosis, referral, red flag onset, patient profiles and natural outcome
of de novo cardiac amyloidosis and their multidisciplinary implications. Acta
Cardiol. 2022;77:791-804.

Canepa M, Fumagalli C, Tini G, Vincent-Tompkins J, Day SM, Ashley EA, et al.
SHaRe Investigators. Temporal trend of age at diagnosis in hypertrophic car-
diomyopathy: an analysis of the international Sarcomeric Human Cardiomyopathy
Registry. Circ Heart Fail. 2020;13:€007230.

Feng KY, Loungani RS, Rao VN, Patel CB, Khouri MG, Felker GM, et al.
Best practices for prognostic evaluation of a patient with transthyretin amyloid
cardiomyopathy. JACC CardioOncol. 2019;1:273-9.

Fine NM, McMillan JM. Prevalence and prognostic significance of frailty
among patients with transthyretin amyloidosis cardiomyopathy. Circ Heart Fail.
2021;14:e008105.

Singh A, Falk RH. ‘A new staging system for cardiac transthyretin amyloidosis’: is
it already on the verge of obsolescence? Eur Heart J. 2018;39:2807-9.

Kazi DS, Bellows BK, Baron SJ, Shen C, Cohen DJ, Spertus JA, et al.
Cost-effectiveness of tafamidis therapy for transthyretin amyloid cardiomyopathy.
Circulation. 2020;141:1214-24.

© 2023 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.

85U8017 SUOWILLIOD BAFe8ID) 8|l |dde au Aq pausenob aJe sajolfe YO ‘8sn Jo Sa|nJ 1oy AkeiqiT 8UlUO A8 UO (SUOpUo-pue-SWLBH LD A8 | AReiq Ul juo//:SdNU) SUORIPUOD Pue SWiB | 8y} 88S *[£202/70/20] Uo ArigiTauliuo A8]IM e1feleueIy00D Aq £282 U /200T 0T/10p/wod A8 1M Arelq1jeul|uoj/Sdny woiy pepeo|umoq ‘0 ‘780681



	Diagnostic pathways to wild-type transthyretin amyloid cardiomyopathy: a multicentre network study
	Introduction
	Methods
	Results
	Description of pathways
	Hypertrophic cardiomyopathy pathway
	Heart failure pathway
	Incidental imaging pathway
	Incidental clinical pathway
	Differences between pathways
	Influence of diagnostic pathways on mortality
	Discussion
	Conclusion
	Supplementary Information
	Acknowledgement
	Funding
	References

