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1,2*, Silvia OghinaID

1,2, Damien VitielloID
3,4, Mounira Kharoubi1,2,

Ekaterini Kordeli4, Arnault Galat1,2, Amira Zaroui1,2, Soulef Guendouz1,2,

Floriane GillesID
1,2, Jason Shourick5, David Hamon2, Vincent Audard6,

Emmanuel Teiger1,2,7, Elsa Poullot7,8, Valérie Molinier-FrenkelID
7,9, François Lemonnier10,

Onnik Agbulut4, Fabien Le Bras10, Thibaud DamyID
1,2,7

1 The French Cardiac Amyloidosis Reference Center, GRC Amyloid Research Institute, Réseau amylose
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Abstract

Background

Cardiac light chain amyloidosis (AL-CA) patients often die within three months of starting

chemotherapy. Chemotherapy for non-immunoglobulin M gammopathy with AL-CA fre-

quently includes bortezomib (Bor), cyclophosphamide (Cy), and dexamethasone (D). We

previously reported that NT-ProBNP levels can double within 24h of dexamethasone admin-

istration, suggesting a deleterious impact on cardiac function. In this study, we evaluate the

role of dexamethasone in early cardiovascular mortality during treatment.

Methods and findings

We retrospectively assessed 100 de novo cardiac AL patients (62% male, mean age 68

years) treated at our institute between 2009 and 2018 following three chemotherapy regi-

mens: CyBorDComb (all initiated on day 1; 34 patients), DCyBorSeq (D, day 1; Cy, day 8;

Bor, day 15; 17 patients), and CyBorDSeq (Cy, day 1; Bor, day 8; D, day 15; 49 patients).

The primary endpoint was cardiovascular mortality and cardiac transplantation at days 22

and 455. At day 22, mortality was 20.6% with CyBorDComb, 23.5% with DCyBorSeq, and

0% with CyBorDSeq (p = 0.003). At day 455, mortality was not significantly different

between regimens (p = 0.195). Acute toxicity of dexamethasone was evaluated on myocar-

dial function using a rat model of isolated perfused heart. Administration of dexamethasone

induced a decrease in left ventricular myocardium contractility and relaxation (p<0.05),
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Citation: Bézard M, Oghina S, Vitiello D, Kharoubi

M, Kordeli E, Galat A, et al. (2021) Dexamethasone

is associated with early deaths in light chain

amyloidosis patients with severe cardiac

involvement. PLoS ONE 16(9): e0257189. https://

doi.org/10.1371/journal.pone.0257189

Editor: Corstiaan den Uil, Erasmus Medical Centre:

Erasmus MC, NETHERLANDS

Received: May 7, 2021

Accepted: August 26, 2021

Published: September 15, 2021

Peer Review History: PLOS recognizes the

benefits of transparency in the peer review

process; therefore, we enable the publication of

all of the content of peer review and author

responses alongside final, published articles. The

editorial history of this article is available here:

https://doi.org/10.1371/journal.pone.0257189
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supporting a potential negative inotropic effect of dexamethasone in AL-CA patients with

severe cardiac involvement.

Conclusion

Delaying dexamethasone during the first chemotherapy cycle reduces the number of early

deaths without extending survival. It is clear that dexamethasone is beneficial in the long-

term treatment of patients with AL-CA. However, the initial introduction of dexamethasone

during treatment is critical, but may be associated with early cardiac deaths in severe CA.

Thus, it is important to consider the dosage and timing of dexamethasone introduction on a

patient-severity basis. The impact of dexamethasone in the treatment of AL-CA needs fur-

ther investigation.

Introduction

Amyloidosis is characterized by the abnormal accumulation of amyloid fibrils in organs and

tissues [1, 2], due to protein misfolding. In light chain amyloidosis (AL), the clonal prolifera-

tion of plasma cells in the bone marrow is responsible for excessive production of free immu-

noglobulin light chains (FLC) with amyloidogenic properties [1, 2]. Amyloid FLC fibrils

deposit in tissues, most frequently in the heart, kidney, and peripheral nervous system [1, 3, 4],

where they cause organ dysfunction. In the heart, amyloid deposits thicken the cardiac walls

and diminish cardiac function [1, 5].

If cardiac involvement is diagnosed in AL patients, mortality is rapid, with a median sur-

vival of 6 months, if untreated [1, 2]. In 2004, the Mayo Clinic reported a staging system to

classify the severity of cardiac damage using two cardiac biomarkers, serum cardiac troponin-

T and N-terminal pro-brain natriuretic peptide (NT-proBNP) [6]. In 2012, the Mayo Clinic

staging was updated [7]. More recently another European staging was proposed and estab-

lished the stages IIIa and IIIb depending on the level of NT-proBNP [8, 9].

The use of cyclophosphamide (Cy), bortezomib (Bor), and dexamethasone (D), the CyBorD

regimen, to treat AL amyloidosis, caused by a non-immunoglobulin M (IgM) monoclonal

gammopathy, has significantly improved survival outcomes [10]: CyBorD results in a complete

hematologic response of 71% and a 1-year OS of 65% [11]. However, serious and often fatal

cardiac events can occur during the first cycle of treatment, including sudden death, syncope,

arrhythmia, and heart failure [12].

We recently reported a pilot study, showing that AL cardiac amyloidosis patients treated

with sequential DCyBor regimen had significantly increased levels of the heart failure bio-

marker NT-proBNP after each dexamethasone administration [13]. The NT-proBNP

increased levels were unrelated to FLC release or cardiac ischemia, since FLC and troponin-T

levels were unchanged.

These observations led us to investigate dexamethasone’s role in early cardiovascular mor-

tality of AL cardiac amyloidosis patients. In the present study, patients were treated with sev-

eral CyBorD regimens differing in the timing of dexamethasone administration.

Methods

Study population

All patients gave informed consent for the use of their anonymized data. The study complied

with the Declaration of Helsinki and was approved by the French data protection authority

(Comité National de l’Informatique et des Libertés, CNIL, #1431858).
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thibaud.damy@aphp.fr.

Funding: This work was supported by the ARMDC

(Association pour la Recherche Multi-Disciplinaire

en Cardiologie), a non-profit organization. The

funders had no role in study design, data collection

and analysis, decision to publish, or preparation of

the manuscript.

Competing interests: Pr Vincent Audard received

consulting fees from Addmedica not related to the

submitted work. Dr Silvia Oghina reported personal

fees from Pfizer, outside of the submitted work. Pr

Thibaud Damy received grant and/or consulting

fees from PFIZER, AKCEA, ALNYLAM, PROTHENA,

and JANSSEN outside the submitted work. The

other authors declared no conflict of interests. This

does not alter our adherence to PLOS ONE policies

on sharing data and materials.

Abbreviations: AL, Light chain amyloidosis; CA,

cardiac amyloidosis; CyBorDComb,

Cyclophosphamide Bortezomib Dexamethasone

Combined; CyBorDSeq, Cyclophosphamide

Bortezomib Dexamethasone administered

Sequentially; DCyBorSeq, Dexamethasone

Cyclophosphamide Bortezomib administered

Sequentially; FLC, free light chain; NT-proBNP, N-

terminal pro-brain natriuretic peptide; OS, Overall

survival; TnT-HS, Troponin T High sensitivity.

https://doi.org/10.1371/journal.pone.0257189
mailto:thibaud.damy@aphp.fr


We enrolled all patients with confirmed cardiac AL, referred to the GRC Amyloid Research

Institute in Creteil, France, between 2009 and 2018. Their medical records were retrospectively

reviewed. Eligible patients had newly diagnosed cardiac AL with an associated non-IgM

monoclonal gammopathy, when CyBorD was initiated. Patients previously treated with che-

motherapy or with chemotherapy other than CyBorD, as well as those in cardiogenic shock or

in palliative care were ineligible.

Diagnostic criteria for AL cardiac amyloidosis

All patients had a medical evaluation when they arrived at the institute, including clinical and

laboratory tests (complete blood count, serum NT-proBNP, and high-sensitivity troponin-T),

electro- and echocardiography, 99m-Tc-HMDP scintigraphy, and cardiac magnetic resonance

imaging.

AL was diagnosed by histological analysis of a tissue biopsy (extracardiac or endomyocar-

dial) showing amyloid deposits specifically Congo red stained and labelled by an antibody

directed to kappa or lambda FLC, and negative with antibody directed to TTR. Monoclonal

gammopathy was diagnosed by electrophoresis and immunofixation of serum and urine, and

quantification of circulating kappa and lambda FLC. Patients included had either kappa or

lambda FLC levels above reference values, associated with the kappa/lambda ratio indicative of

a monoclonal FLC. Multiple myeloma was defined in accordance with the International Mye-

loma Working Group guidelines [14]. Creatinine was assessed to estimate the glomerular fil-

tration rate according to Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI)

equation. Cardiac involvement was confirmed by transthoracic ultrasonography with inter-

ventricular septal hypertrophy (>12 mm) and increased levels of NT-proBNP above 332 ng/L

(in the absence of renal failure or atrial fibrillation). Cardiac amyloidosis severity was assessed

using cardiac biomarkers: NT-proBNP and high-sensitivity troponin-T (TnT-HS). Patients

were classified by European version of Mayo Clinic stages referred as European stages: stage I,

no cardiac biomarker elevated; stage II, one biomarker elevated; stage IIIa, both biomarkers

elevated with NT-proBNP >332 ng/L and TnT-HS >50 ng/L; and stage IIIb, NT-proBNP

>8500 ng/L and TnT-HS >50 ng/L.

Therapeutic regimens

Between 2009 and 2018, three CyBorD regimens successively used at our institute varied with

respect to the dosing and timing of dexamethasone. Between 2009 and 2015, the CyBorD-

Comb regimen was in common use. The regimen concurrently administered cyclophospha-

mide (on days 1, 8, and 15), bortezomib (on days 1, 8, 15, and 22), and dexamethasone (on

days 1, 2, 8, 9, 15, 16, 22, and 23). The CyBorDComb regimen was gradually replaced, between

2013 and 2015, by the DCyBorSeq regimen. The DCyBorSeq regimen sequentially adminis-

tered dexamethasone (on days 1, 2, 8, 9, 15, 16, 22, and 23), then cyclophosphamide (on days 8

and 15) and bortezomib (on days 15 and 22). In 2016, CyBorDSeq became the standard treat-

ment at our institute [13]. CyBorDSeq sequentially administered cyclophosphamide (on days

1, 8, and 15), bortezomib (on days 8, 15, and 22), with a delayed administration of dexametha-

sone (on days 15, 22, and 23). In the CyBorD regimens, cyclophosphamide (300 mg/m2) was

administered orally, bortezomib (1.3 mg/m2) subcutaneously, and dexamethasone orally at a

dose of either 10, 20, or 40 mg, adapted to cardiac severity.

Statistical analysis

Continuous variables were expressed as median with the interquartile range (IQR) and dichot-

omous data as percentages. Frequencies for quantitative variables were compared using the
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Chi2 test with Pearson’s correction. For continuous data, two groups were compared using the

Mann-Whitney test and more than two groups the Kruskal-Wallis test.

Follow-up data were obtained from medical files. Survival was calculated from the date of

treatment initiation until the date of death, cardiac transplantation, or last follow-up.

For the survival analysis, the 16 patients alive without follow-up of at least 455 days at the

time of analysis were not assessed in univariate and multivariate survival analysis but were

included in the Cox model and censored at the time of last follow-up.

To access the impact of the timing of dexamethasone administration, the data of patients

who received CyBorDComb and DCyBorSeq were pooled (early administration) and compare

to patients who received CyBorDSeq (late administration).

Patients were analyzed for mortality and censored at the date of last follow-up or death.

Survival analysis (univariate) was performed by Kaplan-Meier method and compared by

log-rank test. A Cox model was developed to assess the association between CyBorD regi-

men administered and mortality. A Cox model with time-varying effects was performed

to analyze the effect of dexamethasone administration on mortality. The time varying

effect involved coding patients as negative for dexamethasone before their first dexameth-

asone administration and positive thereafter. Proportionality of risk was assessed using

Schoenfeld’s residuals.

The statistical analyses were performed using the SPSS software (v19.0 for Windows 2010

SPSS Inc.) and R version 3.6.1. A p-value below 0.05 would be considered statistically signifi-

cant.

Isolated perfused heart preparation

Fourteen female Wistar rats (Janvier Labs, Genest Saint Isle, France), weighing 225–250 g,

were used in this study. All procedures were performed according to National and European

legislations, in conformity with the Public Health Service Policy on Human Care and Use of

Laboratory Animals and were approved by our institutional Ethics Committee “Charles Dar-

win” (Sorbonne University). Rats were anesthetized under isoflurane (induced and maintained

with 3–4%). Sodium heparin (500 IU) was administered in the femoral vein. The heart was

quickly removed and placed under constant pressure (60 mmHg), in the Langendorff perfused

heart system (Harvard Apparatus, Les Ulis, France). The ascending aorta was cannulated and

retrogradely perfused with Krebs buffer (118 mM NaCl, 5 mM KCl, 0.9 mM MgSO4, 1.2 mM

KH2PO4, 25 mM NaHCO3, 11 mM d-glucose, and 2.5 mM CaCl2), equilibrated with 95% O2-

5% CO2 at 37˚C. A water-filled balloon tied to a microtip catheter pressure transducer was

introduced into the left ventricular cavity to normalize the diastolic blood pressure and to

record cardiac function. The hearts were not electrically paced. During a 15 to 20-min stabili-

zation period, left ventricular (LV) end-systolic pressure (LVPmax), LV end-diastolic pressure

(LVPmin), LV developed pressure (LVDP: index of global LV function), LV minimal rate of

pressure decline (dP/dtmin, index of LV relaxation), LV maximal rate of pressure development

(dP/dtmax, index of LV contractility) and heart rate were automatically and continuously

recorded by the ISOHEART software (Harvard Apparatus, Les Ulis, France). After basal levels

were recorded, data were collected over 15–20 min perfusion of 10 μM dexamethasone sodium

phosphate (DEXAMETHASONE Mylan 4 mg/mL) at 0.3 mL/min.

Groups were statistically compared with GraphPad Prism 8 (GraphPad Software Inc., SD,

USA) using paired t-test. If normal distribution (verified by Shapiro-Wilk’s test) was not

assumed, the groups were compared using the Wilcoxon test. Values are given as means with

associated standard error of means.
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Results

Patient and cardiac amyloidosis characteristics

Overall, 273 cardiac amyloidosis patients were referred to our institute between 2009 and 2018

for AL amyloidosis, and 100 patients were included (Fig 1). The characteristics of the patients

are shown in Table 1. Patients were predominantly males (62%) with a median age at diagnosis

of 66 years (IQR: 59–73). Most patients, 77 (77%), had AL amyloidosis of lambda subtype. The

NT-proBNP and TnT-HS levels, and consequently the severity of cardiac amyloidosis were

not significantly different between CyBorD regimens (Table 1). The first dose of dexametha-

sone received during the first cycle of chemotherapy were significantly different between the

different treatment groups (p<0.001; Table 1). Due to our experience, we questioned the toxic-

ity of dexamethasone, and so we adapted and decreased the first doses of dexamethasone

administered in time, that is why the first dose of dexamethasone received during the first

cycle of chemotherapy were significantly different between the different treatment groups.

Fig 1. Flow chart. The figure describes the selection of studied population among AL patients and the different groups

of treatment based on the time of administration of chemotherapy.

https://doi.org/10.1371/journal.pone.0257189.g001
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Table 1. Baseline characteristics in treated patients.

Variables Overall CyBorDComb DCyBorSeq CyBorDSeq p-value

n = 100 n = 34 n = 17 n = 49

Dexamethasone first dose, mg 20 (20; 40) 20 (20; 40) 20 (20; 40) 20 (20; 20) <0.001

Clinical characteristics

Age, years 66 (58; 73) 68 (62; 73) 64 (56; 68) 64 (54; 74) 0.294

Male, n (%) 62 (62) 20 (59) 9 (53) 33 (67) 0.514

BMI, kg/m2 23.8 (21.8; 26.4) 23.7 (21.7; 25.2) 22.6 (20.5; 24.5) 24.5 (22.15; 27.1) 0.239

CV characteristics

NYHA class III-IV vs I-II, n (%) 48 (51) 16 (50) 9 (56) 23 (49) 0.878

Heart rate, beats/min 79 (70; 88) 76 (69; 85) 83 (78; 94) 80 (70; 88) 0.121

Systolic blood pressure, mmHg 98 (88; 111) 102 (93; 123) 96 (87; 103) 98 (88; 111) 0.122

Diastolic blood pressure, mmHg 63 (56; 70) 65 (59; 73) 59 (55; 67) 62 (55; 70) 0.118

Atrial fibrillation, n (%) 16 (16) 5 (15) 5 (29) 6 (12) 0.309

ICD, n (%) 49 (49) 11 (32) 10 (59) 28 (57) 0.057

CV Risk factors

Diabetes, n (%) 17 (17) 8 (24) 2 (12) 7 (14) 0.446

Dyslipidemia, n (%) 29 (29) 16 (47) 5 (29) 8 (16) 0.010

Hypertension, n (%) 36 (36) 18 (53) 1 (6) 17 (35) 0.004

Biology variables

NT-proBNP, pg/mL 5105 (2592; 11428) 5638 (2367; 12829) 4000 (3325; 10534) 5501 (2332; 9850) 0.938

Troponin T HS, ng/mL 98.0 (65.5; 143.5) 98.0 (64.0; 172.0) 90.5 (43.8; 147.3) 101.0 (70.0; 142.5) 0.778

Hemoglobin, g/dL 12.8 (11.1; 13.7) 12.8 (10.3; 13.5) 12,9 (11.9; 13.3) 12.7 (11.2; 13.8) 0.580

Calcemia, mmol/L 2.31 (2.21; 2.43) 2.28 (2.07; 2.34) 2.35 (2.26; 2.55) 2.35 (2.21; 2.44) 0.015

Creatinine, μmol/L 94.0 (79.3; 130.5) 113.5 (85.0; 184.5) 85.0 (70.0; 105.5) 93.0 (74.0) 0.019

eGFR, mL/min/1.73 m2 58 (44; 83) 52 (30; 68) 59 (44; 87) 66 (51; 90) 0.025

Bilirubin, μmol/L 6.0 (4.0; 10.0) 8.0 (4.8; 13.0) 7.0 (4.0; 13.5) 5.0 (4.0; 8.0) 0.026

Amyloid characteristics

European stage 0.232

II, n (%) 11 (11) 6 (18) 1 (6) 4 (8)

IIIa, n (%) 56 (56) 14 (41) 12 (71) 30 (61)

IIIb, n (%) 33 (33) 14 (41) 4 (24) 15 (31)

Medullar plasmocytes, % 8 (6; 15) 7 (5; 17) 7 (6; 13) 8 (6; 15) 0.667

Lambda, n (%) 77 (77) 25 (74) 12 (71) 40 (82) 0.216

dFLC, mg/L 259 (122; 484) 299 (118; 708) 343 (215; 529) 205 (115; 455) 0.247

CRAB criteria

Anemia, n (%) 36 (36) 14 (41) 3 (18) 19 (39) 0.218

Kidney disease, n (%) 20 (20) 12 (35) 2 (12) 6 (12) 0.023

Hypercalcemia, n (%) 2 (2) 0 (0) 2 (17) 0 (0) 0.001

Bone lesions, n (%) 6 (6) 1 (3) 0 (0) 5 (10) <0.001

Echocardiography characteristics

LVEF, % 50 (42; 59) 49 (40; 60) 44 (35; 48) 52 (45; 60) 0.010

IVST, mm 15.0 (13.0; 17.0) 14.0 (13.0; 16.3) 14.0 (12.3; 17.8) 16.0 (14.0; 17.0) 0.130

GL Strain, % 9.4 (7.8; 12.0) 9.6 (7.4; 13.9) 7.9 (6.7; 9.1) 10.0 (8.3; 11.9) 0.072

LVEDD, mm 42.0 (38.0; 47.0) 43.5 (39.8; 48.3) 40.0 (36.3; 45.8) 42.0 (38.0; 46.5) 0.171

LVESD, mm 29.0 (25.0; 33.0) 29.5 (24.5; 33.8) 28.0 (22.0; 34.0) 29.0 (26.0; 32.0) 0.856

LV mass, g 245 (210; 307) 241 (209; 289) 217 (187; 364) 261 (223; 317) 0.162

(Continued)
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However, the first dose of dexamethasone was similar between the group of living patients and

the group of patients who have died (p = 0.419; Table 2).

Survival according treatment initiation year

Between 2009 and 2012, 11 patients were treated with a CyBorD regimen: 10 with CyBorD-

Comb and 1 with DCyBorSeq (S1 Fig). Similarly, between 2013 and 2015, 36 patients were

treated: 18 with CyBorDComb, 16 with DCyBorSeq, and 2 with CyBorDSeq, and finally,

between 2016 and 2018, 53 patients were treated: 6 with CyBorDComb, and 47 with CyBorD-

Seq. The median survival of patients initiating treatment during the intervals were 317 days

between 2009–2012, and not reached between both 2013–2015 and 2016–2018 (S1 Fig). The

year of cardiac AL amyloidosis diagnosis was not significantly associated with survival,

p = 0.576.

Survival according to severity of cardiac amyloidosis

Concerning severity of cardiac amyloidosis, 11 patients (11%) were European stage II, 56

(56%) were IIIa, and 33 (33%) stage IIIb (Table 1). Median survival was significantly shorter in

patients with European stage IIIb: 201 days (95% CI: 16.86–385.14), compared to those with

stages II or IIIa (pooled data): median not reached, p = 0.002 (S1 Fig).

Survival according to the timing of dexamethasone administration, early or

late in the cycle

During the first 28-day cycle of chemotherapy, survival was significantly prolonged in patients

when dexamethasone was administered late in the cycle on days 15, 22, and 23, p = 0.003 (Fig

2A). Indeed, no deaths were reported during cycle-1 of CyBorDSeq, in contrast to the 7 deaths

reported during cycle-1 of CyBorDComb and the 4 deaths during cycle-1 of DCyBorSeq.

However, survival was not significantly different between CyBorD regimens during the second

and third treatment cycles, p = 0.116 (Fig 2B).

All early deaths during the cycle-1 of chemotherapy were cardiovascular-related (Fig 3A–

3C). During cycle-1 of CyBorDComb, 5 sudden deaths occurred: one patient on days 1, 3, and

4 and two patients on day 10 (Fig 3A). In addition, 2 patients died of worsening heart failure

on day 16 and 17. Similarly, during cycle-1 of DCyBorSeq, 4 early deaths due to worsening

heart failure (Fig 3B). In contrast, during cycle-1 of CyBorDSeq, no deaths occurred. However,

a sudden death occurred on day 29, 15 days after initiating and 7 days after the last dose of

dexamethasone (Fig 3C). All patients who died during the first cycle of chemotherapy were in

stage III (a or b) of the European score, the cumulative doses of dexamethasone are very vari-

able depending on the patient (S1 Table).

Table 1. (Continued)

Variables Overall CyBorDComb DCyBorSeq CyBorDSeq p-value

n = 100 n = 34 n = 17 n = 49

Deceleration time, ms 140 (105; 182) 150 (119; 217) 108 (87; 164) 142 (106; 182) 0.062

Values are median (interquartile range)

CyBorD = Cyclophosphamide, bortezomib, and dexamethasone; BMI = body mass index; dFLC = free light-chain difference (dFLC = |kappa-lambda|);

eGFR = estimated glomerular filtration rate; GL = global longitudinal; ICD = implantable cardioverter-defibrillator; IVST = interventricular septum thickness;

LVEDD = left ventricular end-diastolic diameter; LVEF = left ventricular ejection fraction; LVESD = left ventricular end-systolic diameter; NT-proBNP = N-terminal

pro-B-type natriuretic peptide; NYHA = New York Heart Association.

https://doi.org/10.1371/journal.pone.0257189.t001
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Table 2. Characteristics of living and deceased patient after 455 days of complete follow-up.

Variables Overall Alive Dead p-value

n = 84 n = 41 n = 43

Dexamethasone first dose, mg 20 (20; 40) 20 (20; 40) 20 (20; 40) 0.419

Clinical characteristics

Age, years 66 (59; 74) 70 (61; 75) 64 (55; 68) 0.018

Male, n (%) 53 (63) 27 (66) 26 (60) 0.609

BMI, kg/m2 23.8 (22.0; 26.4) 24.0 (22.2; 25.7) 23.7 (21.3; 26.6) 0.760

CV characteristics

NYHA class III-IV vs I-II, n (%) 43 (54) 18 (46) 25 (63) 0.145

Heart rate, beats/min 79 (70; 88) 79 (72; 88) 79 (69; 88) 0.680

Systolic blood pressure, mmHg 96 (88; 106) 100 (88; 108) 93 (87; 102) 0.130

Diastolic blood pressure, mmHg 62 (56; 67) 62 (54; 68) 63 (58; 67) 0.517

Atrial fibrillation, n (%) 15 (18) 6 (15) 9 (21) 0.460

ICD, n (%) 41 (49) 24 (59) 17 (40) 0.082

CV Risk factors

Diabetes, n (%) 14 (17) 9 (22) 5 (12) 0.204

Dyslipidemia, n (%) 27 (32) 17 (41) 10 (23) 0.074

Hypertension, n (%) 31 (37) 17 (41) 14 (33) 0.398

Biology variables

NT-proBNP, pg/mL 5502 (3295; 12408) 3952 (2607; 7796) 6938 (4084; 16463) 0.003

Troponin T HS, ng/mL 103 (64; 161) 79 (55; 134) 126 (89; 198) 0.005

Hemoglobin, g/dL 12.7 (11.1; 13.5) 12.6 (11.0; 13.3) 12.9 (11.2; 13.8) 0.233

Calcemia, mmol/L 2.30 (2.17; 2.42) 2.26 (2.10; 2.39) 2.32 (2.21; 2.44) 0.107

Creatinine, μmol/L 98 (80; 137) 88 (77; 130) 106 (89; 143) 0.151

eGFR, mL/min/1.73m2 57.4 (42.6; 78.5) 53.8 (37.5; 90.9) 58.1 (44.4; 74.5) 0.936

Bilirubin, μmol/L 6.0 (4.0; 10.8) 5.0 (4.0; 8.5) 8.0 (4.0; 13.0) 0.017

Amyloid characteristics

European stage 0.107

II, n (%) 7 (8) 4 (10) 3 (7)

IIIa, n (%) 47 (56) 27 (66) 20 (47)

IIIb, n (%) 30 (36) 10 (24) 20 (47)

Medullar plasmocytes, % 8 (6; 14) 8 (6; 14) 10 (6; 16) 0.711

Lambda, n (%) 63 (75) 33 (80) 30 (70) 0.387

dFLC, mg/L 278 (122; 509) 259 (123; 681) 332 (120; 452) 0.652

CRAB criteria

Anemia, n (%) 32 (38) 18 (44) 14 (33) 0.285

Kidney disease, n (%) 19 (23) 10 (24) 9 (21) 0.705

Hypercalcemia, n (%) 2 (3) 2 (6) 0 (0) 0.146

Bone lesions, n (%) 5 (6) 2 (5) 3 (7) 0.713

Echocardiography characteristics

LVEF, % 49 (41; 59) 51 (45; 60) 45 (38; 57) 0.042

IVST, mm 15 (13; 17) 14 (13; 16) 16 (14; 18) 0.005

GL Strain, % 9.0 (7.4; 11.7) 10.4 (8.2; 14.1) 8.6 (6.5; 9.8) 0.003

LVEDD, mm 42 (38; 47) 45 (39; 48) 40 (38; 45) 0.043

LVESD, mm 29 (25; 33) 29 (24; 33) 29 (25; 33) 0.821

LVmass, g 242 (206; 303) 237 (199; 294) 261.1 (219.5; 307.0) 0.149

(Continued)
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The predictive value of patient and cardiac amyloidosis characteristics for

survival

Characteristics of the patients who died or alive during the 455 days (15 months) after initiat-

ing treatment are shown in Table 2. Death seems to be associated with younger age, which

Table 2. (Continued)

Variables Overall Alive Dead p-value

n = 84 n = 41 n = 43

Deceleration time, ms 137 (104; 187) 133 (95; 181) 144 (108; 193) 0.549

Values are median [(interquartile range)

CyBorD = Cyclophosphamide, bortezomib, and dexamethasone; BMI = body mass index; dFLC = free light-chain difference (dFLC = |kappa-lambda|);

eGFR = estimated glomerular filtration rate; GL = global longitudinal; ICD = implantable cardioverter-defibrillator; IVST = interventricular septum thickness;

LVEDD = left ventricular end-diastolic diameter; LVEF = left ventricular ejection fraction; LVESD = left ventricular end-systolic diameter; NT-proBNP = N-terminal

pro-B-type natriuretic peptide; NYHA = New York Heart Association.

https://doi.org/10.1371/journal.pone.0257189.t002

Fig 2. Survival curves of patients according to the sequence of the chemotherapy’s administration. (A) Survival of

patient within 90 days of initiating chemotherapy. (B) Survival of patient within the 2nd and 3rd cycles of

chemotherapy depending on the chemotherapy regimen administered.

https://doi.org/10.1371/journal.pone.0257189.g002
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may be due to younger patients suffer from diagnostic delay and more severe and aggressive

amyloidosis. Death was significantly associated with higher NT-proBNP (6938 pg/mL versus

3952 pg/mL; p = 0.003) and TnT-Hs levels (126 ng/mL versus 79 ng/mL; p = 0.005), and global

longitudinal strain by echocardiography (-8.6% versus -10.4%; p = 0.003) (Table 2). In the

multivariate Cox regression analysis, time of dexamethasone administration was significantly

associate with an increased risk of mortality (HR = 43.04; 95% CI: 5.93–312.58; p<0.001),

Fig 4.

Isolated perfused heart results

Using the isolated and perfused heart model, we investigated cardiac function under basal and

dexamethasone perfusion conditions. During dexamethasone administration, the LVPmin was

Fig 3. Prevalence of causes of deaths after each chemotherapy administration. Prevalence of causes of

cardiovascular deaths with the CyBorDComb (A), DCyBorSeq (B), and CyBorDSeq (C) regimens.

https://doi.org/10.1371/journal.pone.0257189.g003
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significantly increased from 10 to 16 mmHg (p>0.01), while LVPmax remained unchanged.

LVPD was therefore significantly decreased showing a global dysfunction of the left ventricle

(LV) (Fig 5A). Accordingly, both LV contractility (dP/dtmax: 812 versus 635 mmHg/s;

Fig 4. Multivariate Cox regression analysis. Forest plot of the multivariate Cox regression analysis of the risk factors

associated with mortality.

https://doi.org/10.1371/journal.pone.0257189.g004

Fig 5. Acute effect of dexamethasone perfusion on left ventricular global function and myocardial function in a

constant pressure Langendorff isolated perfused rat heart model. Left ventricular developed pressure (LVDP), LV

end-systolic pressure (LVPmax), LV end-diastolic pressure (LVPmin), dP/dtmax and dP/dtmin were automatically

and continuously recorded in an isolated and perfused rat heart before and after dexamethasone perfusion (10 μM; 0.3

L.min-1). Data are presented as means ± SEM. �: p<0.05, ��: p<0.01, ���: p<0.001. n = 14.

https://doi.org/10.1371/journal.pone.0257189.g005
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p<0.001) and LV relaxation (dP/dtmin: -453 versus -345 mmHg/s; p<0.01) appeared signifi-

cantly decreased when dexamethasone was administered to healthy heart (Fig 5B and 5C).

Discussion

In AL-CA patients, poor prognosis correlates with cardiac severity, with deaths frequently

occurring during the first months of chemotherapy. Currently, the most frequently used che-

motherapy for non-IgM AL-CA combines bortezomib, dexamethasone, and cyclophospha-

mide, and has in general improved survival in patients with cardiac amyloidosis [10].

However, patients with severe CA were often not eligible for trials assessing this chemother-

apy. Consequently, data to analyze the effect of this combination in patients with severe car-

diac involvement is lacking. Our retrospective study explored the use and safety of

dexamethasone in patients with European severe AL-CA. We confirmed the poor prognosis of

these patients and show that dexamethasone is associated with early cardiac-related deaths.

In 2013, in the European study, 346 patients were included of whom 338 (97%) had a car-

diac involvement [8]. The OS at one month was about 90%. Furthermore, a prospective obser-

vational study enrolled 915 patients with newly diagnosed AL treated with a bortezomib-based

chemotherapy; of these, 653 patients (71%) had cardiac involvement [15]. The study reported

a median OS of 4 months for patients Mayo Clinic (2012) stage IV. The OS at one month was

about 80%. Similarly, an international retrospective study analyzed 60 AL patients with cardiac

involvement (Mayo Clinic (2004) stage III) [10]. However, after a median follow-up of 11.8

months the median OS had not been reached. Our median OS results are comparable with

those reported in these studies suggesting that our cohort is representative of CA patients.

We needed to establish whether the administered chemotherapy regimen impacts the inci-

dence of early deaths in severe CA patients. However, in cardiac amyloidosis clinical trials all

patients receive a treatment: the use of a placebo is unethical. Finally, since cardiac amyloidosis

is a severe disease, trials assessing chemotherapy tend to enroll patients with mild cardiac amy-

loidosis, with the results extrapolated to patients with severe disease. Consequently, the safety

and efficacy of dexamethasone alone and in combination has been poorly studied in patients

with severe CA. A causal relationship between dexamethasone and death was difficult to estab-

lish since dexamethasone was always combined with other drugs such as cyclophosphamide

and bortezomib. Here we show that significantly more early deaths occurred when dexametha-

sone, combined or alone, was administered earlier (the CyBorDComb and DCyBorSeq regi-

mens) compared to later in the first cycle (the CyBorDSeq regimen). Furthermore, in our

study all early deaths occurring in the first 28-day cycle of chemotherapy were cardiovascular-

related and most occurred 3–4 days after dexamethasone administration. However, among the

patients who did not received dexamethasone, 3 patients received only cyclophosphamide, 2 of

them died before day 15 (cardiorespiratory arrest), 8 patients received velcade and cyclophos-

phamide, 2 of them died before day 15 (infection and cardiogenic shock).

Mode of death in severe cardiac amyloidosis following chemotherapy

administration

Severe and often fatal cardiac events, including arrhythmias, sudden deaths, syncope, and

heart failure, frequently occur during the first cycle of CyBorD regimens [13]. Indeed, a study

assessed cardiac arrhythmias in patients with severe cardiac AL. Within 24h of baseline assess-

ments, loop recorders were implanted in 20 patients: 7 were Mayo Clinic stage III and 13 were

stage IV [16]. The median OS, from date of implant, was 61 days. During the study 13 patients

died: 3 (23%) stage III and 10 (77%) stage IV. In patients that died, the weekly recordings dur-

ing treatment failed to identify fatal dysrhythmias except for those recorded immediately
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before cardiac arrest. In 8/13 patients the recordings prior to cardiac arrest were retrieved and

all the initial changes in cardiac rhythm were bradycardia (�35 bpm). All 20 patients received

a dexamethasone-based chemotherapy: 18 the CyBorD regimen, one combined with lenalido-

mide, and one with melphalan. Interestingly, most patients died between 48 h to 6 days after

the second cycle of chemotherapy and died of sinus bradycardia followed by complete atrio-

ventricular block, atrial fibrillation or flutter. These observations led the authors to suspect

that the chemotherapy administered to treat systemic AL worsened prognosis in patients with

severe cardiac infiltration either by promoting arrhythmias or affecting systolic function.

Cardiac toxicity of chemotherapy in severe cardiac amyloidosis

Overall, haematological treatment of AL-CA aims to prevent the buildup of amyloid deposits

while simultaneously preventing congestive heart failure [17]. However, dexamethasone is

known to induce cardiotoxicity [18]. Several cardiovascular disorders result from extended use

of dexamethasone, including cardiac fibrosis, an increase in noradrenaline-induced vascular

contraction, increased apoptosis, and decreased angiogenesis [18, 19]. We previously investi-

gated the cardiac effects of dexamethasone in a small prospective series of 9 patients treated

with the DCyBorSeq regimen [13]. NT-proBNP levels doubled after dexamethasone adminis-

tration suggesting that dexamethasone increases left ventricular pressure by increasing conges-

tion. In the present study we show that early dexamethasone administered combined or alone

is associated with important clinical events, related to cardiac decompensation, including but

not limited to sudden deaths (Fig 3A and 3B). Therefore, the increase in NT-proBNP levels, 24

h after dexamethasone administration suggests that dexamethasone may induce direct

cardiotoxicity.

Palladini et al. reported that high-dose dexamethasone was beneficial for treating AL

patients and that high-dose dexamethasone administered on D1-4, D9-10, and D17-20

every 35 days was particularly toxic during the induction phase [20]. Of the 5 patients

treated with this schedule, two died from arrhythmias. They reported that a milder

schedule with 40 mg of high-dose dexamethasone administered on D1-4 of every 21-day

cycle reduced toxicity. This early toxicity may partly explain why we observed fewer

early deaths when dexamethasone was administered later in the first cycle. Also, the pre-

viously cited Sayed et al. study [16] reports that the events observed following chemo-

therapy (CyBorD) administration and before death were mainly atrioventricular blocks,

bradycardia, or arrhythmias. Similarly, we observed that most of the sudden deaths

occurred within one or two weeks following the first concomitant administration of

CyBorD (Fig 3A). In contrast, when these chemotherapies were introduced sequentially

(Fig 3B) or when dexamethasone was delayed (Fig 3C), no sudden deaths occurred dur-

ing the first chemotherapy cycle. These studies suggested an impact of dexamethasone

on cardiac electrical cells and sudden death probably potentiated when dexamethasone

is administered concomitantly with cyclophosphamide and bortezomib, in patients with

severe cardiac infiltration. These treatments may not have the same negative cardiac

effect in patient with mild or no cardiac amyloidosis, as in myeloma patients [21, 22].

We assessed the impact of dexamethasone on cardiac function using the Langendorff heart

model in healthy rats. This model allows a careful control of the cardiac responses to dexa-

methasone, without the confounding effects of other organs and under standardized condi-

tions [23]. We found that dexamethasone significantly reduced LV global function with a

decrease in LV contractility and relaxation. It is noteworthy that these acute effects were

observed in healthy rats. Thus, in cardiac amyloidosis patients we may expect a more delirious

effects on the myocardium with poor prognosis and early deaths.
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Conclusion

We provided preliminary evidence that delaying the administration of dexamethasone during

the first cycle of treatment for light chain amyloidosis with severe cardiac involvement reduces

early deaths.

Study limitations

Our study was limited by its retrospective design. This study assessed first-line treatment in

AL cardiac amyloidosis patients. Therefore, we did not account for potential changes to ther-

apy or the effect of therapy on biomarkers. Furthermore, in our study there was no control

group. Selected AL patients do not receive dexamethasone, but at our institute these are

patients with more severe disease and not comparable with those treated with dexamethasone.

Electrical events were not recorded before sudden deaths. Sudden deaths can result from vari-

ous causes: not only electrical cell dysfunction but also pulmonary embolisms and strokes.

Therefore, the number of deaths observed in our study when treatments were combined is

consistent with that reported by Sayed et. al. [16].

Clinical perspectives

Competencies in Medical Knowledge: Despite a significant difference in early mortality, long-

term survival did not differ between regimens (CyBorDComb, DCyBorSeq, and CyBorDSeq).

Our results suggest that early deaths, may be related to the administered chemotherapy. Cur-

rently, new therapies for treating AL, such as daratumumab, are under development [24, 25].

It is important that these therapies be assessed as first-line treatment for severe CA patients

(NCT 04131309).

Translational outlook: Prospective randomized clinical trials are needed to investigate the

role of dexamethasone and optimize the dosage schedule for AL cardiac amyloidosis patients.

We suggest that dexamethasone be reduced and delayed or replaced by another corticosteroid.
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