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BACKGROUND: Transthyretin cardiac amyloidosis (ATTR-CA) is a progressive and ultimately fatal cardiomyopathy. Biomarkers
reflecting multiorgan dysfunction are of increasing importance in patients with heart failure; however, their significance in
ATTR-CA remains largely unknown. The aims of this study were to characterize the multifaceted nature of ATTR-CA using
blood biomarkers and assess the association between blood biomarkers and prognosis.

METHODS AND RESULTS: This is a retrospective cohort study of 2566 consecutive patients diagnosed with ATTR-CA between
2007 and 2023. Anemia (39%), high urea (52%), hyperbilirubinemia (18%), increased alkaline phosphatase (16%), increased
CRP (C-reactive protein; 27%), and increased troponin (98.2%) were common findings in the overall population, whereas
hyponatremia (6%) and hypoalbuminemia (2%) were less common. These abnormalities were most common in patients with
p.(V142l) hereditary ATTR-CA, and became more prevalent as the severity of cardiac disease increased. Multivariable Cox
regression analysis demonstrated that anemia (hazard ratio [HR], 1.19 [95% ClI, 1.04-1.37]; P=0.01), high urea (HR, 1.23 [95%
Cl, 1.04-1.45]; P=0.01), hyperbilirubinemia (HR, 1.32 [95% ClI, 1.13-1.57; P=0.001), increased alkaline phosphatase (HR, 1.20
[95% ClI, 1.01-1.42; P=0.04), hyponatremia (HR, 1.65 [95% CI, 1.28-2.11]; P<0.001), and troponin-T >56ng/L (HR, 1.72 [95%
Cl, 1.46-2.03]; P<0.001) were all independently associated with mortality in the overall population. The association between
biomarkers and mortality varied across the spectrum of genotypes and left ventricular ejection fraction, with anemia remin-
ing independently associated with mortality in p.(V142l) hereditary ATTR-CA (HR, 1.58 [95% ClI, 1.17-2.12]; P=0.003) and in a
subgroup of the overall population with a left ventricular ejection fraction <40% (HR, 1.39 [95% ClI, 1.08-1.81]; P=0.01).

CONCLUSIONS: Cardiac and noncardiac biomarker abnormalities were common and reflect the complex and multifaceted
nature of ATTR-CA, with a wide range of biomarkers remaining independently associated with mortality. Clinical trials are
needed to investigate whether biomarker abnormalities represent modifiable risk factors that if specifically targeted could
improve outcomes.
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CLINICAL PERSPECTIVE
What Is New?

In this large cohort of patients with transthyretin
cardiac amyloidosis, both cardiac and noncar-
diac blood biomarker abnormalities were com-
mon and were more prevalent in patients with
p.(V142l) hereditary transthyretin cardiac amy-
loidosis and advanced cardiac disease.

e Transthyretin cardiac amyloidosis is a complex
and multifaceted disease process, whereby
multiple pathways involving different organs and
systems, beyond cardiac infiltration, contribute
to disease progression and prognosis.

What Are the Clinical Implications?

e Whether treatment aimed at reversing blood bi-
omarker abnormalities in this population would
potentially reduce the risk of mortality remains
unknown; therefore, clinical trials are needed
to investigate whether biomarker abnormalities
represent modifiable risk factors that if specifi-
cally targeted could improve outcomes.

Nonstandard Abbreviations and Acronyms

ALP alkaline phosphatase

ATTR-CA transthyretin cardiac amyloidosis

hATTR-CA hereditary transthyretin cardiac
amyloidosis

NAC National Amyloidosis Centre

NYHA New York Heart Association

wtATTR-CA wild-type transthyretin cardiac

amyloidosis

increasingly recognized cause of heart failure (HF).

Transthyretin is a tetramer that is naturally synthe-
sized by the liver, and it is the physiological transport
protein for thyroxine and retinol. Disease occurs when
the transthyretin protein misfolds into amyloid fibrils
that deposit within the myocardial extracellular space.
The accumulation of amyloid fibrils disrupts the cardiac
structure and function, and causes a progressive and
ultimately fatal cardiomyopathy.! The sporadic, nonin-
herited, wildtype ATTR-CA (WtATTR-CA) has become
the most prevalent form, and presents later in life;
whereas the hereditary form (hATTR-CA) can present
earlier in life with a varying clinical phenotype, often
composed of both restrictive cardiomyopathy and
polyneuropathy.?3

Transthyretin cardiac amyloidosis (ATTR-CA) is an
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Diagnosis is made at varying disease stages, and
although increased awareness among clinicians and
improvements in diagnostics combined with the rec-
ognition of characteristic imaging features have fa-
cilitated earlier diagnosis, a significant proportion of
patients are still diagnosed with advanced cardiac dis-
ease."* A well-established staging system composed
of NT-proBNP (N-terminal pro-B-type natriuretic pep-
tide) and estimated glomerular filtration rate accurately
stratifies patients into prognostic categories.®

Chronic HF is associated with an enduring inflam-
matory state, consisting of the upregulation of inflam-
matory cytokines and unending myocyte damage; the
consequences of venous congestion include conges-
tive cirrhosis,® gut malabsorption, and subsequent iron
deficiency and anemia.” More important, biomarkers
reflecting multiorgan dysfunction have been inde-
pendently associated with a worse prognosis in the
population with HF.5-8 Despite many studies charac-
terizing the significance of noncardiac biomarkers in
HF in general, the importance of these biomarkers in
patients with HF in the setting of ATTR-CA remains
largely unknown.

The aims of this study were to: (1) characterize the
multifaceted nature of ATTR-CA using blood biomark-
ers that reflect both cardiac and noncardiac disease
activity, across a spectrum of WtATTR-CA and hAT-
TR-CA; (2) describe the different patterns of abnor-
malities in cardiac and noncardiac blood biomarkers
across the spectrum of ATTR-CA disease stages; and
(3) assess the association between the different bio-
markers and prognosis.

METHODS

The data that support the findings of this study are re-
stricted by the institutional ethics committee to protect
patient privacy, and therefore cannot be shared.

Consecutive patients diagnosed with ATTR-CA
between 2007 and 2023 at the National Amyloidosis
Centre (NAC), and in whom a full blood cell count and
serum biochemistry assessing renal function, liver
function, and NT-proBNP were measured at diagno-
sis were included. Blood biomarker normal ranges
are displayed in Table S1. Data on ethnicity were
self-reported.

Between 2007 and 2010, the diagnosis of ATTR-CA
was established on the basis of HF symptoms together
with a characteristic cardiac amyloidosis echocardio-
gram or cardiac magnetic resonance and either di-
rect endomyocardial biopsy proof of ATTR-amyloid or
ATTR-amyloid in an extracardiac biopsy. From 2010
onwards, 2°Mechnetium-labeled 3,3-diphosphono-1,2
-propanodicarboxylic acid scintigraphy was used, and
a diagnosis established on the basis of ATTR-amyloid
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in an extracardiac biopsy with cardiac uptake on
99mtgchnetium-labeled  3,3-diphosphono-1,2-propano
dicarboxylic acid scintigraphy; or grade 2 to 3 cardiac
uptake on ®Mechnetium-labeled 3,3-diphosphono-1,2
-propanodicarboxylic acid scintigraphy in the absence
of biochemical evidence of a plasma cell dyscrasia.
All patients underwent genetic sequencing of the TTR
gene and provided written consent for their data to be
retrospectively analyzed and published, in line with the
Declaration of Helsinki and approval from the Royal
Free Hospital ethics committee (REC 21/PR/0620).

Statistical Analysis

Statistical analysis was performed using Stata
(StataCorp, 2021, Stata Statistical Software: Release
17). All continuous variables were tested for normal-
ity (Shapiro-Wilk test) and presented as mean+SD if
the distribution was normal or median (interquartile
range) otherwise. The independent samples t-test was
used to compare means if the data were normally dis-
tributed, or its nonparametric equivalent to compare
the distributions of the 2 groups. One-way ANOVA if
the data were normally distributed in each group was
used to compare means; or its nonparametric equiva-
lent to compare the distributions of multiple groups. A
significant result was followed by post hoc Bonferroni
corrected pairwise comparisons to establish where
differences lay. Standardized differences were also
calculated to demonstrate the effect size between
groups. Categorical data are presented as absolute
numbers (n) and frequencies (%) and compared using
the x? test.

Correlations between stroke volume and blood bio-
markers were assessed using Spearman p. A multi-
variable linear regression model was used to assess
the relationship between stroke volume and blood
biomarkers.

All mortality data were obtained via the UK Office of
National Statistics. The mortality end point was defined
as time to death from baseline for all deceased patients
and time to censor date (March 17, 2023) from base-
line among the remainder. Follow-up was restricted to
<60months, after which patients were censored be-
cause most events occurred in the first 60 months, and
a low number of patients at risk after 60 months.

Blood biomarkers were assessed as continuous
variables, z-score standardized variables, and dichot-
omous variables (normal versus abnormal), except for
troponin, whereby the optimal cutoff was established
using a time-dependant receiver operating character-
istic curve, followed by the Liu method.® The optimal
cut point was 58ng/L (sensitivity, 64.9%; specificity,
66.3%). A cut point of 56 ng/L (4xupper limit of normal)
gave a sensitivity of 63.7% and a specificity of 67.2%,
and was selected for the survival analysis. Univariable
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Cox proportional hazards regression was used to as-
sess the association between blood biomarkers and
mortality. The proportional hazards assumption was
checked and confirmed. The likelihood ratio test was
used to evaluate the contribution of adding explana-
tory variables to the NAC disease stage. Multivariable
Cox regression models were adjusted for known pre-
dictors of mortality and blood biomarkers selected a
priori for clinical relevance. Possible collinearity among
candidate predictors was assessed using variance in-
flation factors with threshold equal to 3. To account
for the effect of amyloid-specific disease-modifying
therapy or clinical trials, a second multivariable model
was created as a sensitivity analysis, whereby patients
were censored at their start date. Harrell's C statistic
was calculated for the different models. Kaplan-Meier
curves were constructed with statistical significance
being assessed with a log-rank test. Statistical signifi-
cance was defined as P<0.05.

RESULTS

We identified 2566 patients diagnosed with ATTR-CA.
The population comprised 1834 (71.5%) with wtATTR-
CA, 425 (16.6%) with p.(V142l) hATTR-CA, and 307
(12.0%) with non-p.(V142l) hATTR-CA. The mean age
was 76.9+8.2years, and 86.4% were men. When
compared with wtATTR, patients with hATTR-CA were
younger, and a higher proportion were women. Most
patients with wtATTR-CA and non-p.(V142l) hATTR-
CA were White, whereas most patients with p.(V142)
hATTR-CA were Black (Table 1).

Blood Biomarkers and ATTR-CA
Genotype
At diagnosis, blood biomarkers differed significantly
between genotypes. Patients with wtATTR-CA and
p.(V142]) hATTR-CA had a significantly higher NT-
proBNP than patients with non-p.(V142l) hATTR-CA
(Table 1, Figure 1A). This was reflected in the NAC
staging system, with patients with p.(V142l) hATTR-CA
having the highest NAC stage, followed by those with
WIATTR-CA and non-p.(V142l) hATTR-CA. The over-
whelming majority of patients had an elevated troponin
level (98.2%), and patients with p.(V142l) hATTR-CA
had the highest median troponin-T level, followed by
those with wtATTR-CA and non-p.(V142l) hATTR-CA.
Over one-third (38.6%) of the patients were ane-
mic, and anemia was most prevalent in p.(V142l)
hATTR-CA. Anemic patients with wtATTR-CA had a
significantly higher median (interquartile range) he-
moglobin level than anemic patients with p.(V142)
hATTR-CA (124 [115-129] versus 121 [109-128] ng/L;
P<0.001); and the prevalence of severe anemia
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Table 1. Baseline Characteristics and Blood Biomarkers for the Whole Population With ATTR-CA, and Split by Genotype
Into Patients With wtATTR-CA, p.(V142l) hATTR-CA, and Non-p.(V142l) hATTR-CA
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Overall population wtATTR-CA p.(V142l) hATTR-CA Non-p.(V142l) hATTR-CA
Characteristic (n=2566) (n=1834, 71.5%) (n=425, 16.6%) (n=307, 12.0%) P value
Demographics
Age, y 76.9+8.2 78.8+6.6' 76.4+7.3* 66.4+9.8 <0.001
Male sex 2218 (86.4) 1715 (93.5)* 288 (67.8) 215 (70.0) <0.001
Race <0.001
White 2034 (79.3) 1727 (94.2)1 40 (9.4)* 267 (87.0)
Black 494 (19.9) 91 (5.0) 378 (88.9) 25 (8.1)
Asian 38 (1.5) 16 (0.9)t 7(1.6) 15 (4.9)
Comorbidities
Ischemic heart disease 483 (18.8) 409 (22.3)f 57 (13.4) 17 (5.5) <0.001
Hypertension 847 (33.0) 591 (32.2)" 213 (50.1)* 43 (14.0) <0.001
Diabetes 390 (15.2) 266 (14.5)1 103 (26.4) 21 (5.4) <0.001
Stroke/TIA 265 (10.3) 201 (1.0 51 (12.0) 13 (4.2) 0.001
Atrial fibrillation 1254 (48.9) 1019 (55.6)" 146 (34.4) 307 (29.0) <0.001
ATTR-CA diagnosis
Cardiac biopsy 383 (14.9) 282 (15.4) 69 (16.2) 32 (10.4) 0.056
Extracardiac biopsy 714 (27.8) 399 (21.8)F 140 (32.9)* 175 (57.0) <0.001
Nonbiopsy criteria 1469 (57.3) 1153 (62.9) 216 (50.8)* 100 (32.6) <0.001
Cardiac biomarkers
NAC stage <0.001
1 1267 (49.4) 866 (47.2)f 191 (44.9)F 210 (68.4)
2 888 (34.6) 664 (36.2)" 146 (34.4) 78 (25.4)
3 411 (16.0) 304 (16.6) 88 (20.7)* 19 (6.2)
NT-proBNP, ng/L 2738 (1423-5109) 2907 (1499-5281)" 2850 (1548-5704)* 1852 (626-3714) <0.001
Troponin-T, ng/L 58 (39-85) 58 (40-84)1 73 (49-108)* 40 (25-60) <0.001
Troponin-T >14ng/L 2397 (98.2) 1742 (98.9) 395 (99.0)* 260 (92.5) <0.001
Troponin-T >56ng/L 1262 (51.7) 915 (51.9)1 266 (66.7)* 82 (29.2) <0.001
Full blood cell count
Hemoglobin, g/L 136 (124-146) 137 (126-148)* 129 (120-140)* 134 (124-144) <0.001
Anemia 990 (38.6) 716 (39.0)* 179 (42.0) 95 (30.9) 0.007
WBC countx10%/L 6.5 (5.4-7.8) 6.8 (5.8-6.9)" 5.0 (4.2-6.1)* 6.3 (5.2-7.5) <0.001
Plateletsx10%/L 201 (168-240) 202 (170-240)'t 190 (156-233)* 208 (179-253) <0.001
Low platelets 387 (15.1) 263 (14.4) 91 (21.4) 33(10.8) <0.001
Serum biochemistry
Sodium, mmol/L 141 (139-143) 141 (139-143)* 141 (139-143) 141 (139-143) 0.011
Hyponatremia 151 (5.9) 114 (6.2) 15 (3.5) 22 (7.2) 0.063
Potassium, mmol/L 4.5 (4.2-4.8) 4.5 (4.3-4.8)1 4.5 (4.2-4.8) 4.4 (4.2-4.7) <0.001
Urea, mmol/L 8.5 (6.5-11.2) 8.9 (6.9-11.7)1 8.0 (6.2-11.0)* 6.4 (5.2-8.3) <0.001
High urea 1342 (52.3) 1061 (57.9)* 201 (47.3) 80 (26.1) <0.001
Creatinine, pmol/L 105 (87-128) 107 (90-131)" 110 (92-133)* 81 (68-98) <0.001
eGFR, mL/min per 60 (47-74) 59 (46-72)" 55 (43-67) 80 (64-90) <0.001
1.73m?
eGFR <60mL/min per 1271 (49.5) 953 (52.0)'" 261 (61.4) 57 (18.6) <0.001
1.73m?
Serum total bilirubin, 13 (9-19) 12 (10-19) 13 (8-20)* 11 (8-15) <0.001
umol/L
Hyperbilirubinemia 459 (17.9) 337 (18.4) 89 (20.9) 33 (10.7) 0.001
Alanine transaminase, 24 (19-32) 24 (19-31)* 27 (20-37)* 24 (19-32) <0.001
u/L
(Continued)
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Table 1. Continued

Multiorgan Dysfunction in Cardiac Transthyretin Amyloidosis

Overall population wtATTR-CA p.(V1421) hATTR-CA Non-p.(V142l) hATTR-CA

Characteristic (n=2566) (n=1834, 71.5%) (n=425, 16.6%) (n=307, 12.0%) P value

High alanine 192 (7.5) 99 (5.4)1 60 (14.1) 33 (10.7) <0.001

transaminase

Aspartate 29 (24-36) 29 (24-35)t 32 (26-42)t 26 (21-31) <0.001

aminotransferase, IU/L

High aspartate 178 (6.9) 84 (4.6)" 75 (17.6) 19 (6.2) <0.001

aminotransferase

Alkaline phosphatase, 92 (72-124) 94 (74-143)1 97 (76-134)* 78 (62-103) <0.001

u/L

High alkaline 421 (16.4) 323 (17.6)" 80 (18.8)* 18 (5.9) <0.001

phosphatase

GGT, IU/L 69 (32-145) 69 (34-143)" 104 (51-209)* 33 (18-75) <0.001

High GGT 1791 (69.8) 1308 (71.3)" 350 (82.4) 133 (43.3) <0.001

Total protein, g/L 71 (67-74) 71 (67-74)" 73 (69-76) 68 (65-72) <0.001

Albumin, g/L 44 (42-46) 44 (42-46)t 42 (40-45) 43 (41-46) <0.001

Hypoalbuminemia 38 (1.5) 16 (0.9)* 17 (4.0)* 5(1.6) <0.001

CRP, mg/L 2 (1-5) 2 (1-5) 3(1-7)* 1(1-3) <0.001

High CRP 700 (27.3) 509 (27.8)* 139 (32.7)* 52 (16.9) <0.001
Echocardiographic parameters

IVSd, mm 16.8+2.5 16.9+2.5" 16.8+2.3% 16.2+3.1 0.001

PWTd, mm 16.3+2.6 16.4+2.6" 16.56+2.4 15.9+31 0.009

RWT 0.78+0.18 0.77+017* 0.81+0.18 0.79+0.19 0.004

LVEF, % 48.2+10.6 48.9+10.2F 43.7+11.0* 50.8+10.9 <0.001

LVEF <40% 598 (23.3) 377 (20.6)* 169 (39.8) 52 (16.9) <0.001

Stroke volume, mL 371+13.4 38.7+13.4* 30.8+11.8 36.8+12.7 <0.001

Longitudinal strain, % -11.0£3.8 -11.1£3.7°1 -9.7+3.34 -11.9+4.3 <0.001

Average E/e’ 16.8+6.5 16.4+6.3* 17.9+6.4 17.4+7.7 <0.001
Bone scintigraphy

Degree of cardiac <0.001

uptake

Grade 0 3(0.5) 0(0.0) 0(0.0) 3(4.4)

Grade 1 12 (0.5) 0 (0.0 0 (0.0 12 (4.4)

Grade 2 1880 (81.9) 1485 (89.4)" 229 (63.1) 166 (61.0)

Grade 3 401 (17.5) 176 (10.6) 134 (36.9) 91 (33.5)

Data are given as mean+SD, number (percentage), and median (interquartile range).

*P<0.05 for wtATTR vs p.(V142l) hATTR. 'P<0.05 for wtATTR vs non-p.(V142l) hATTR. *P<0.05 for p.(V142l) hATTR vs non-p.(V142l) hATTR. ATTR-CA
indicates transthyretin cardiac amyloidosis; CRP, C-reactive protein; eGFR, estimated glomerular filtration rate; GGT, y-glutamyl transferase; hATTR-CA,
hereditary ATTR-CA; IVSd, interventricular septal thickness in diastole; LVEF, left ventricular ejection fraction; NAC, National Amyloidosis Centre; NT-pro-BNP,
N-terminal pro-B-type natriuretic peptide; PWTd, posterior wall thickness in diastole; RWT, relative wall thickness; TIA, transient ischemic attack; WBC, white

blood cell; and wtATTR-CA, wild-type ATTR-CA.

(hemoglobin <10.0g/L) was higher in those with
p.(V142l) hATTR-CA than wtATTR-CA and non-p.
(V1421) hATTR-CA (22 [5.2%)] versus 30 [1.6%] versus
2 [0.7%]; P<0.001).

Almost half (49.5%) had chronic kidney disease
(CKD) stage 3 to 5, and 53.2% had a high urea level
at diagnosis. CKD stage 3 to 5 was most prevalent in
p.(V142]) hATTR-CA, whereas a high urea was most
prevalent in wtATTR-CA.

Elevated cholestatic liver enzymes were also com-
mon (1812 [70.6%)] had either an elevated y-glutamyl
transferase or alkaline phosphatase [ALP]), with 69.8%
having an increased y-glutamyl transferase and 16.4%

J Am Heart Assoc. 2024;13:e033094. DOI: 10.1161/JAHA.123.033094

having an increased ALP. This was more prevalent than
transaminitis (elevated alanine transaminase or aspar-
tate aminotransferase), which was present in only 271
(10.5%) patients. Those with wtATTR-CA and p.(V142l)
hATTR-CA had significantly higher liver enzyme levels
than those with non-p.(V142l) hATTR-CA. Synthetic
liver function was also affected, with hyperbilirubinemia
in 17.9% of patients and hypalouminaemia in 1.5%,
both of which were most prevalent in patients with
p.(V142]) hATTR-CA. Over one-quarter (27.3%) had an
increased serum CRP (C-reactive protein) at diagnosis.
Those with wtATTR-CA and p.(V142]l) hATTR-CA had a
significantly higher CRP, and more commonly had an
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A Blood biomarker abnormalities in patients with ATTR-CA split by genotype
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Figure 1. Prevalence of blood biomarker abnormalities.

A, Blood biomarker abnormalities in patients with transthyretin cardiac amyloidosis (ATTR-CA) split by genotype. B, Blood biomarker
abnormalities in patients with ATTR-CA split by National Amyloidosis Centre (NAC) disease stage. ALP indicates alkaline phosphatase;
CRP, C-reactive protein; hATTR-CA, hereditary ATTR-CA; and wtATTR-CA, wild type ATTR-CA.
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elevated CRP than those with non-p.(V142l) hATTR-CA
(Table 1, Table S2, Figure 1A).

Blood Biomarkers and Disease Severity
Patients with a higher NAC disease stage at diagno-
sis had a higher prevalence of anemia, hyponatremia,
high urea, deranged liver function test results, and an
elevated CRP and troponin-T. Most significant differ-
ences observed were between patients with stage 1
(mild) and patients with NAC stage 2 (moderate) or 3
(severe) disease. However, there were some significant
differences between patients with NAC stage 2 and
stage 3 disease. Over half of the patients diagnosed
with NAC stage 3 disease were anemic (56.7%), the
overwhelming majority were uremic (94.4%), nearly
one-third had hyperbilirubinemia (32.1%), over one-fifth
had an elevated ALP (28.2%), and nearly half had an
elevated CRP (Table 2, Table S3, Figure 1B).

New York Heart Association (NYHA) class was
available in 2409 (93.9%) patients, most of whom were
in NYHA class Il (h=1531, 63.6%). Similar trends were
observed when patients were split by NYHA class.
Patients with a higher NYHA class at diagnosis had a
higher prevalence of anemia, high urea, deranged liver
function test results, and elevated CRP and troponin-T.
Most significant differences were observed between
patients with NYHA functional class | to Il and NYHA
class lll to IV. However, there were some significant dif-
ferences between patients with NYHA functional class
Il and NYHA class IV. Patients with NYHA functional
class IV had a lower hemoglobin, higher aspartate ami-
notransferase, higher prevalence of hypoalbuminemia,
and higher CRP (Table S4).

When divided by left ventricular ejection fraction
(LVEF), patients with an LVEF <40% had a higher prev-
alence of high urea, CKD stage 3 to 5, hyperbilirubin-
emia, deranged liver function test results, and elevated
CRP and troponin-T, than patients with a LVEF >40%
(Table S5).

Across the overall population, stroke volume had a
weak negative correlation with serum urea, bilirubin,
aspartate aminotransferase, ALP, y-glutamyl transfer-
ase, CRP, and troponin-T, and a weak positive correla-
tion with serum albumin (Table S6). Multivariable linear
regression demonstrated that stroke volume had an
independent positive relationship with serum albumin,
and an independent negative relationship with serum
bilirubin (Table S7).

Survival

At median follow up of 37.1 months (interquartile range,
16.4-59.2 months), 966 (37.6%) patients had died, and
the death rate was 12.7 deaths per 100 person-years
(95% ClI, 12.0-13.6). There were 638 (34.8%) deaths in
the wtATTR-CA group, with a death rate of 11.8 deaths
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per 100 person-years (95% Cl, 10.9-12.8), 228 (53.6%)
in the p.(V142l) hATTR-CA group, with a death rate of
19.7 deaths per 100 person-years (95% Cl, 17.2-22.2),
and 100 (32.6%) in the non-p.(V142l) hATTR-CA group,
with a death rate of 9.7 deaths per 100 person-years
(95% Cl, 7.9-11.8). Blood biomarkers first were explored
in a univariable Cox regression analysis as continuous
variables, z-score standardized variables, and dichoto-
mous variables, and all except for alanine transaminase
were associated with mortality (Table S8). Following
z-score standardization, blood biomarkers were also
investigated in a multivariable Cox regression analysis,
and hemoglobin, serum sodium, urea, bilirubin, albu-
min, and troponin all remained independently associ-
ated with mortality (Table S9).

The association between blood biomarkers as
dichotomous variables and mortality within individ-
ual NAC stages was further investigated. Within all 3
NAC disease subgroups, hyperbilirubinemia, hypoal-
buminemia, high ALP, high CRP, hyponatremia, and
troponin-T >56ng/L were associated with mortality.
However, anemia and high urea were associated with
mortality in the subgroups with NAC stage 1 and NAC
stage 2 disease, but not in those with NAC stage 3 dis-
ease. The likelihood ratio test demonstrated that each
blood biomarker added a significant contribution to the
NAC disease stage (anemia: x°=16.92, P<0.001; hyper-
bilirubinemia: x°=28.78, P<0.001; high urea: x°=18.29,
P<0.001; hypoalouminemia: x°=16.12, P<0.001; high
ALP: x?=26.81, P<0.001; high CRP: ¥°=19.93, P<0.001;
hyponatremia: x°=15.62, P<0.001; troponin-T >56 ng/L:
x°=88.67, P<0.001) (Figure 2).

Blood biomarkers selected a priori based on clinical
relevance were explored in a multivariable model that
adjusted for known predictors of prognosis (age, NAC
stage, and WtATTR-CA or hATTR-CA). This model con-
firmed that anemia, hyponatremia, high urea, hyper-
bilirubinemia, elevated ALP, and troponin-T >56ng/L
remained independent predictors of mortality; and all
except for elevated ALP remained independent predic-
tors when patients were censored at the start date of
disease-modifying therapy and enrollment into clinical tri-
als (Table 3, Figure 3). Multivariable Cox regression mod-
els, adjusting for furosemide equivalent dose and stroke
volume, confirmed that anemia, hyponatremia, high urea,
hyperbilirubinemia, and troponin-T >56ng/L all remained
independently associated with mortality (Table S10).

The multivariable model was repeated in the pre-
specified subgroups of patients with an LVEF <40%
and patients with an LVEF >40%. In patients with an
LVEF <40%, anemia, hyponatremia, high ALP, and tro-
ponin-T >56ng/L were all independently associated
with mortality; whereas in patients with an LVEF >40%,
hyponatremia, high urea, hyperbilirubinemia, and tro-
ponin-T >56ng/L were all independently associated
with mortality (Table S11).
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Table 2. Blood Biomarkers Split by NAC Disease Stage

Multiorgan Dysfunction in Cardiac Transthyretin Amyloidosis

NAC stage 1 (n=1267, NAC stage 2 (n=888, NAC stage 3 (n=411,
Biomarker 49.4%) 34.6%) 16.0%) P value
Full blood cell count
Hemoglobin, g/L 138 (128-148)" 135 (124-146)* 126 (115-139) <0.001
Anemia 390 (30.8) 367 (41.3) 233 (56.7) <0.001
WBC countx10%/L 6.5 (5.4-7.8) 6.6 (5.4-7.9) 6.4 (5.2-7.8) 0.396
Plateletsx10%/L 206 (175-247)' 197 (162-238) 189 (156-232) <0.001
Low platelets 137 (10.8) 162 (18.9) 88 (21.5) <0.001
Serum biochemistry
Sodium, mmol/L 141 (139-143) 141 (138-143) 140 (138-142) <0.001
Hyponatremia 54 (4.3)1 67 (7.5) 30 (7.9) 0.003
Potassium, mmol/L 4.5 (4.3-4.8)1 4.5 (4.2-4.9) 4.6 (4.3-5.0) <0.001
Urea, mmol/L 71 (5.8-8.7)" 9.3 (7.3-11.6) 14.5 (11.5-19.2) <0.001
High urea 397 (31.3)* 557 (62.7)* 388 (94.4) <0.001
Creatinine, pmol/L 93 (79-107)" 110 (94-126)* 160 (144-184) <0.001
Serum total bilirubin, umol/L 1(8-11)t 15 (10-21) 4 (10-21) <0.001
Hyperbilirubinemia 155 (12.2) 1 209 (23.5) 95 (32.1) <0.001
Alanine transaminase, IU/L 5 (19-33) 5 (20-34)* 3 (18-30) <0.001
High alanine transaminase 0 (7.1) 71(8.0) 31 ( 5) 0.740
Aspartate aminotransferase, 1U/L 8 (23-34)" 0 (256-37) 9 (24-37) <0.001
High aspartate aminotransferase 67 (5.3)f 66 (7.4) 45 (10.9) <0.001
Alkaline phosphatase, IU/L 83 (67-106) 102 (77-137)* 114 (87-155) <0.001
High alkaline phosphatase 115 (9.1)F 190 (21.4)* 116 (28.2) <0.001
GGT, IU/L 48 (26-107)" 88 (44-184)F 108 (65-210) <0.001
High GGT 738 (58.2)1 707 (79.6)* 346 (84.2) <0.001
Albumin, g/L 44 (42-406)1 43 (41-45) 43 (41-45) <0.001
Hypoalbuminemia 9(0.7)"t 17 (1.9) 12 (2.9) 0.002
CRP, mg/L 2 (1-4)t 3 (1-6)* 4 (2-8) <0.001
High CRP 242 (19.1)1 281 (31.6)* 177 (43.1) <0.001
NT-proBNP, ng/L 1468 (846-2155)F 4533 (3374-6494) 6952 (4703-10981) <0.001
Troponin-T, ng/L 43 (29-60)" 69 (51-94)* 104 (74-146) <0.001
Troponin-T >14ng/L 1163 (96.5) " 841 (99.6) 393 (100.0) <0.001
Troponin-T >56ng/L 355 (29.5)F 565 (66.9)* 342 (87.0) <0.001
Echocardiographic parameters
IVSd, mm 16.3+2.6" 17.3+2.4 17.2+2.4 <0.001
PWTd, mm 15.8+2.6' 16.9+2.4 16.8+2.6 <0.001
RWT 0.75+0.17'" 0.80+0.18 0.81+0.19 <0.001
LVEF, % 51.0+£9.51 45.8+10.7 44.9+11.3 <0.001
LVEF <40% 185 (14.6)1 270 (30.4) 143 (34.8) <0.001
Stroke volume, mL 39.7+13.7°1 35.5+12.5 33.0+£12.9 <0.001
Longitudinal strain, % -12.2+3.8 -9.8+3.2 -9.6+3.3 <0.001
Average E/e’ 15.6+5.9' 17.9+6.9 18.1+6.9 <0.001

Data are given as mean+SD, number (percentage), and median (interquartile range). P values for pairwise comparison: a=P<0.01 for NAC stage 1 vs NAC
stage 2, f=P<0.01 NAC stage 1 vs NAC stage 3, y=P<0.01 NAC stage 2 vs NAC stage 3.

CRP indicates C-reactive protein; GGT, y-glutamyl transferase; IVSd, interventricular septal thickness in diastole; LVEF, left ventricular ejection fraction; NAC,
National Amyloidosis Centre; NT-pro-BNP, N-terminal pro-B-type natriuretic peptide; PWTd, posterior wall thickness in diastole; RWT, relative wall thickness;
and WBC, white blood cell.

A similar multivariable model was used in patients
with wtATTR-CA and p.(V142l) hATTR-CA separately.
The model was not applied to non-p.(V142]) hATTR-CA
because of a low number of events. In wtATTR-CA,

hyponatremia, high urea, hyperbilirubinemia, hypo-
albuminemia, and troponin-T >56ng/L remained in-
dependently associated with mortality; whereas in
p.(V142]) hATTR-CA, only anemia and troponin-T

J Am Heart Assoc. 2024;13:e033094. DOI: 10.1161/JAHA.123.033094 8
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A Survival in ATTR-CA patients according to NAC stage and hemoglobin B Survival in ATTR-CA patients according to NAC stage and bilirubin
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Figure 2. Blood biomarker abnormalities and survival.
A, Kaplan-Meier curve demonstrating the effect of National Amyloidosis Centre (NAC) disease stage and anemia on survival. B,
Kaplan-Meier curve demonstrating the effect of NAC disease stage and hyperbilirubinemia on survival. C, Kaplan-Meier curve
demonstrating the effect of NAC disease stage and high urea on survival. D, Kaplan-Meier curves demonstrating the effect of troponin
on survival. Troponin-T 29 to 56ng/L vs troponin-T <29ng/L: hazard ratio (HR), 2.59 (95% ClI, 1.85-3.63), P<0.001; troponin-T 57 to
84 ng/L vs troponin-T 29 to 56 ng/L: HR, 1.79 (95% ClI, 1.50-2.13), P<0.001; troponin-T >84 ng/L vs troponin-T 57 to 84ng/L: HR, 1.77

(95% Cl, 1.51-2.07), P<0.001. ATTR-CA indicates transthyretin cardiac amyloidosis; and Hb, hemoglobin.

>56ng/L remained independently associated with
mortality (Table 4).

Troponin-T >56ng/L was consistently an indepen-
dent predictor of mortality throughout all the multivari-
able models. Patients with ATTR-CA could be further
divided into prognostic categories based on tropo-
nin-T, and with every increase of 28ng/L, there was a
significantly increased risk of mortality (Figure 2).

DISCUSSION

This study comprehensively evaluated the multifaceted
nature of ATTR-CA using a wide range of cardiac and
noncardiac blood biomarker profiles, and assessed
the association between blood biomarkers and mor-
tality. Our study demonstrated that: (1) ATTR-CA is a
complex and multisystemic disease process that com-
monly presents with a range of cardiac and noncardiac
blood biomarker abnormalities; (2) blood biomarker

J Am Heart Assoc. 2024;13:e033094. DOI: 10.1161/JAHA.123.033094

abnormalities are most prevalent in patients with
p.(V142l) hATTR-CA, and become more prevalent as
the cardiac disease severity increases; and (3) noncar-
diac blood biomarkers are associated with mortality,
anemia, hyponatremia, high urea, hyperbilirubinemia,
and increased ALP, remaining independently associ-
ated with mortality after adjusting for troponin-T, NT-
proBNP, and estimated glomerular filtration rate. This
highlights the importance of multisystemic disease in
ATTR-CA, whereby multiple pathways involving dif-
ferent organs and systems, beyond cardiac infiltra-
tion, contribute to disease progression and prognosis
(Figure 3).

HF is increasingly recognized as a multifaceted
disease process. The underlying pathophysiology is
more complex than can be explained by the simple
concept of pump failure. Recent studies have demon-
strated that multiple hematological, biochemical, and
inflammatory homeostatic pathways are influenced by
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Table 3. Multivariable Cox Proportional Hazards Regression Analysis of Risk of Death in the Overall Population With ATTR-CA

Age, y 1.02 (1.01-1.03) <0.001 Age, y 1.02 (1.01-1.03) <0.001
hATTR-CA 1.61(1.38-1.87) <0.001 hATTR-CA 1.59 (1.35-1.87) <0.001
NAC stage 1 Reference NAC stage 1 Reference

NAC stage 2 1.60 (1.35-1.90) <0.001 NAC stage 2 1.61 (1.34-1.92) <0.001
NAC stage 3 2.00 (1.58-2.41) <0.001 NAC stage 3 2.02 (1.62-2.51) <0.001
Anemia 119 (1.04-1.37) 0.013 Anemia 118 (1.02-1.36) 0.024
Hyponatremia 1.65 (1.28-2.11) <0.001 Hyponatremia 1.69 (1.30-2.19) <0.001
High urea 1.23 (1.04-1.45) 0.011 High urea 1.23 (1.04-1.46) 0.018
Hyperbilirubinemia 1.32 (1.13-1.57) 0.001 Hyperbilirubinemia 1.30 (1.10-1.54) 0.002
High ALP 1.20 (1.01-1.42) 0.035 High ALP 1.19 (1.00-1.41) 0.054
High GGT 110 (0.93-1.31) 0.259 High GGT 1.09 (0.91-1.30) 0.351
Hypoalbuminemia 1.48 (0.96-2.25) 0.073 Hypoalbuminemia 1.50 (0.98-2.30) 0.061
High CRP 115 (1.00-1.33) 0.055 High CRP 114 (0.98-1.32) 0.094
Troponin-T >56ng/L 1.72 (1.46-2.03) <0.001 Troponin-T >56ng/L 1.66 (1.39-1.97) <0.001
Harrell's C statistic 0.722 (0.705-0.739) <0.001 Harrell’s C statistic 0.719 (0.701-0.737) <0.001

ALP indicates alkaline phosphatase; ATTR-CA, transthyretin cardiac amyloidosis; CRP, C-reactive protein; GGT, y-glutamyl transferase; hATTR-CA,
hereditary ATTR-CA; HR, hazard ratio; and NAC, National Amyloidosis Centre.

the deterioration of cardiac function.88° Anemia, con-
gestive hepatopathy, and systemic inflammation have
emerged as common comorbidities that independently
predict outcomes in patients with HF.6-® The same is
true for the population with ATTR-CA, with over one-
third of patients being anemic, over two-thirds having

elevated cholestatic enzymes, and over one-quarter

having an elevated CRP at diagnosis.

The pattern and prevalence of biomarker abnormal-
ities varies between genotypes. Patients with p.(V142])
hATTR-CA had a higher prevalence of anemia, de-
ranged liver function, and a higher troponin than those
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J Na
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Figure 3. The association of blood biomarker abnormalities with mortality in transthyretin cardiac amyloidosis (ATTR-CA).
Multivariable analysis demonstrating the cardiac and noncardiac blood biomarkers that are independently associated with mortality.
ALP indicates alkaline phosphatase; CRP, C-reactive protein; eGFR, estimated glomerular filtration rate; GGT, y-glutamyl transferase;
hATTR-CA, hereditary ATTR-CA; Hb, hemoglobin; HR, hazard ratio; Na, sodium; NAC, National Amyloidosis Centre; and NT-proBNP,
N-terminal pro-B-type natriuretic peptide.
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Table 4. Multivariable Cox Proportional Hazards Regression Analysis of Risk of Death in the Overall Population With
ATTR-CA, and in the Prespecified Subgroups of Patients With wtATTR-CA and p.(V142l) hATTR-CA

Variable HR (95% Cl) P value Variable HR (95% Cl) P value
Age, y 1.08 (1.01-1.04) <0.001 Age, y 1.02 (1.01-1.04) 0.001
NAC stage 1 Reference NAC stage 1 Reference

NAC stage 2 1.56 (1.26-1.94) <0.001 NAC stage 2 1.55 (1.23-1.95) <0.001
NAC stage 3 2.08 (1.60-2.70) <0.001 NAC stage 3 213 (1.63-2.79) <0.001
Anemia 1.05 (0.88-1.24) 0.607 Anemia 1.04 (0.87-1.23) 0.693
Hyponatremia 1.99 (1.51-2.63) <0.001 Hyponatremia 2.01 (1.561-2.69) <0.001
High urea 1.44 (1.17-1.78) 0.001 High urea 1.48 (1.19-1.85) <0.001
Hyperbilirubinemia 1.58 (1.31-1.92) <0.001 Hyperbilirubinemia 1.55 (1.26-1.90) <0.001
High ALP 117 (0.96-1.44) 0.124 High ALP 119 (0.97-1.48) 0.095
High GGT 1.04 (0.84-1.28) 0.729 High GGT 1.02 (0.82-1.26) 0.095
Hypoalbuminemia 212 (1.17-3.83) 0.013 Hypoalbuminemia 213 (1.18-3.87) 0.013
High CRP 119 (1.00-1.42) 0.052 High CRP 114 (0.95-1.37) 0.153
Troponin-T >56ng/L 1.83 (1.48-2.26) <0.001 Troponin-T >56ng/L 1.66 (1.33-2.06) <0.001
Harrell's C statistic 0.736 (0.716-0.756) <0.001 Harrell’s C statistic 0.730 (0.709-0.752) <0.001

Age, y 1.03 (1.01-1.05) 0.008 Age, y 1.02 (1.00-1.05) 0.101
NAC stage 1 Reference NAC stage 1 Reference

NAC stage 2 1.40 (0.99-1.97) 0.053 NAC stage 2 1.54 (1.09-2.18) 0.015
NAC stage 3 1.63 (1.08-2.48) 0.021 NAC stage 3 1.79 (1.17-2.73) 0.007
Anemia 1.58 (1.17-2.12) 0.003 Anemia 1.52 (1.12-2.07) 0.007
Hyponatremia 1.25 (0.58-2.71) 0.567 Hyponatremia 1.52 (0.69-3.33) 0.295
High urea 114 (0.82-1.58) 0.442 High urea 1.05 (0.75-1.47) 0.779
Hyperbilirubinemia 0.94 (0.65-1.36) 0.752 Hyperbilirubinemia 0.89 (0.61-1.30) 0.551
High ALP 1.23(0.85-1.78) 0.275 High ALP 116 (0.79-1.68) 0.448
High GGT 1.44 (0.92-2.25) 0.112 High GGT 1.39 (0.88-2.19) 0.162
Hypoalbuminemia 1.15 (0.569-2.22) 0.275 Hypoalbuminemia 1.14 (0.59-2.19) 0.705
High CRP 112 (0.83-1.51) 0.453 High CRP 1.21 (0.90-1.64) 0.210
Troponin-T >56ng/L 1.63 (1.12-2.36) 0.010 Troponin-T >56ng/L 1.70 (1.16-2.50) 0.007
Harrell’s C statistic 0.690 (0.654-0.726) <0.001 Harrell’s C statistic 0.691 (0.654-0.727) <0.001

ALP indicates alkaline phosphatase; ATTR-CA, transthyretin cardiac amyloidosis; CRP, C-reactive protein; GGT, y-glutamyl transferase; hATTR-CA,
hereditary ATTR-CA; HR, hazard ratio; NAC, National Amyloidosis Centre; and wtATTR-CA, wild type ATTR-CA.

with wtATTR-CA and non-p.(V142]) hATTR. Patients
with p.(V142l) hATTR-CA had more advanced cardiac
disease at diagnosis, and the prevalence of biomarker
abnormalities increased as the severity of cardiac dis-
ease increased, as evidenced by NAC disease stage,
NYHA class, and LVEF. Therefore, the higher prev-
alence of biomarker abnormalities in p.(V142l) hAT-
TR-CA likely reflects more advanced cardiac disease
at diagnosis. However, these observations could also
relate to different demographics between genotypes.
The overwhelming majority of patients with p.(V142I)

hATTR-CA were Afro-Caribbean, and a greater pro-
portion were women, compared with those with
WIATTR-CA, both of which have previously been as-
sociated with anemia in patients with HF'""2 This may
have been compounded by the greater prevalence of
CKD in p.(V142l) hATTR-CA. Interestingly, patients with
p.(V142l) hATTR-CA had a higher troponin-T, more se-
vere degree of systolic and diastolic dysfunction, but
similar NT-proBNP to wtATTR-CA. This could reflect a
greater degree of ongoing myocyte damage as a con-
sequence of intrinsic differences in disease biology, with
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p.(V142l) hATTR-CA being associated with a more rap-
idly progressive disease. However, the relatively lower
NT-proBNP elevation in p.(V142l) hATTR-CA could also
reflect racial differences in natriuretic peptide synthe-
sis and excretion, with Afro-Caribbean patients being
known to have lower NT-proBNP levels.”® The p.(V142l)
genotype was also associated with increased left ven-
tricular filling pressures, and is known to cause a dis-
proportionally greater degree of right ventricular systolic
dysfunction and tricuspid regurgitation.' The resulting
increased hepatic congestion is likely to account for
the increased prevalence of cholestasis in patients with
p.(V142l) hATTR-CA. Hypoalbuminemia has been also
associated with hemodilution, inflammation, malnutri-
tion, and cachexia in HF.'® Within the population with
hATTR-CA, aloumin levels are influenced by the pres-
ence of concomitant polyneuropathy, and more specif-
ically autonomic neuropathy, which results in impaired
gastrointestinal motility and malabsorption.'® This is re-
flected in our population, with patients with hATTR-CA
having a lower serum total protein and lower albumin
than those with wtATTR-CA, and further illustrates the
complexity of this multisystemic disease process.

In the current study, which represents the largest
study of blood biomarkers in ATTR-CA to date, ane-
mia, hyponatremia, high urea, hyperbilirubinemia, and
troponin-T >56ng/L were all independently associ-
ated with mortality, after adjusting for NT-proBNP and
estimated glomerular filtration rate. Throughout the
spectrum of genotypes and LVEF, troponin-T >56 ng/L
remained independently associated with mortal-
ity. This is likely to reflect the importance of ongoing
myocyte death resulting from constant amyloid fibril
accumulation, and demonstrates the importance of
troponin-T measurements in stratifying prognosis and
identifying high-risk patients."” However, the prognos-
tic impact of noncardiac biomarkers varied across the
spectrum of genotypes and LVEF. Anemia was asso-
ciated with mortality in p.(V142l) hATTR-CA across the
spectrum of LVEF and the subgroup of patients with an
LVEF <40% from the overall population; but not in the
subgroups of WtATTR-CA and patients with an LVEF
>40%. The difference in prognostic impact is possibly
attributable to differences in genotype characteristics
and disease severity. First, p.(V142l) hATTR-CA was
not only more commonly associated with anemia (likely
because of the higher prevalence of female and Afro-
Caribbean patients) but was also associated with more
severe anemia than wtATTR-CA (possibly because
of the higher prevalence of CKD). Second, p.(V142l)
hATTR-CA accounted for a greater proportion of pa-
tients with an LVEF <40% than patients with an LVEF
>40%. In patients with ATTR-CA, anemia was only in-
dependently associated with mortality in the subgroup
with a LVEF <40%, and this is consistent with previ-
ous studies of patients with HF that demonstrated a
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greater prognostic importance of anemia in patients
with a reduced LVEF.® Iron-deficiency anemia not
only represents a common comorbidity in HF, but has
emerged as a modifiable treatment target, with res-
toration of iron levels resulting in improved functional
capacity and prognosis in the Ferinject Assessment in
Patients with Iron Deficiency and Chronic Heart Failure
and Effectiveness of Intravenous Iron Treatment versus
Standard Care in Patients with Heart Failure and Iron
Deficiency trials.'®?° Currently, tafamidis (a highly spe-
cific transthyretin stabilizer) is the only treatment proven
to improve prognosis in ATTR-CA, but despite efficacy,
the associated high cost has resulted in restricted
use.?"?? Analysis of HF medications in ATTR-CA
demonstrated that neurohormonal modulation through
mineralocorticoid receptor antagonists and low-dose
B-blockers in patients with an LVEF <40% was asso-
ciated with improved survival; and suggests ATTR-CA
may share similar pathophysiological mechanisms to
HF of different causes.?® Considering these findings
alongside data demonstrating the independent associ-
ation between anemia and mortality, it is plausible that
correction of anemia in ATTR-CA could improve out-
comes, especially in patients with p.(V142l) hATTR-CA
or patients with an LVEF <40%. However, the correc-
tion of anemia as a possible modifiable risk factor has
not been featured in the recent consensus documents
by the European Society of Cardiology and American
College of Cardiology for the treatment ATTR-CA.242°
Although the analysis reported here has limitations,
the observations do raise the question as to whether
there could be some benefit from correcting anemia,
and therefore this should be explored as a potential
treatment option in prospective randomized controlled
clinical trials.

Limitations

As a retrospective study, we have been able to dem-
onstrate the association between biomarkers and
mortality, but are unable to prove causality. All-cause
mortality was obtained from a national database, but
data on cardiovascular mortality were not available in
all patients. Differences between genotypes could re-
flect a different propensity to seek medical attention
and different referral practices across populations.
However, this is likely to be partially mitigated by the
free nature of the National Health Service at the point
of care, and hence, the decision to seek medical at-
tention is less likely to be influenced by socioeconomic
status.

CONCLUSIONS

In this large cohort of patients with ATTR-CA, both car-
diac and noncardiac blood biomarker abnormalities
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were common and were more prevalent in patients
with p.(V142]) hATTR-CA and advanced cardiac dis-
ease. The wide range of abnormalities reflects the
complex and multifaceted nature of ATTR-CA and
highlights the importance of multisystemic disease,
whereby multiple pathways involving different organs
and systems, beyond cardiac infiltration, contribute to
disease progression and prognosis. Whether treat-
ment aimed at restoring hemoglobin levels in this pop-
ulation would potentially reduce the risk of mortality
remains unknown. Therefore, clinical trials are needed
to investigate whether biomarker abnormalities repre-
sent modifiable risk factors that if specifically targeted
could improve outcomes.
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