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Abstract 

Light-chain (AL) amyloidosis is the most common type of systemic amyloidosis, affecting around 

10 people per million per year. This serious disorder is characterized by the presence of a clone of 

bone marrow plasma cells that produces monoclonal light chains (LCs) of the κ or predominantly λ 

type. These amyloidogenic LCs undergo extracellular misfolding and aggregation into proteotoxic 

soluble oligomers and amyloid fibrils that deposit within tissues. The lethal consequences of AL 

amyloidosis are due to the toxic products (the LCs) and not to the malignant behaviour of the 

plasma cell clone. Almost 80% of patients with AL amyloidosis have some degree of cardiac 

involvement, manifesting as heart failure (HF), and carrying a particularly poor prognosis.  

The past decade has seen major advances in the treatment of AL amyloidosis, and a rapidly fatal 

disease has become a treatable and possibly curable condition. The number of therapeutic options is 

rapidly expanding, offering hope to address currently unmet needs (most notably, the treatment of 

frail patients). The treatment of AL amyloidosis consists in a combination of agents targeting 

multiple steps of the amyloid cascade, associated with effective HF management, and there is 

ground for hope for dramatically improving the outcome in the near future. 

In the present review we will summarize our current knowledge on therapy for cardiac AL 

amyloidosis, targeting clinical cardiologists involved in the care of this serious disorder.  
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Introduction 

Light-chain (AL) amyloidosis is the most common type of systemic amyloidosis,[1] affecting 

around 10 people per million per year, approximately 5000 new patients in the European 

Union.[2,3] This often fatal disorder is characterized by the presence of a clone of bone marrow 

plasma cells that produces monoclonal light chains (LCs) of the κ or predominantly λ type.[2] 

These amyloidogenic LCs undergo extracellular misfolding and aggregation into proteotoxic 

soluble oligomers and amyloid fibrils that deposit within tissues. The lethal consequences of AL 

amyloidosis are due to the toxic products (the LCs), and not to the malignant behaviour of the 

plasma cell clone.[2] The clinical presentation is heterogeneous depending on organ involvement 

(most commonly heart and kidney, gastrointestinal tract, autonomous or peripheral nervous system 

and soft tissues).[4]  

Almost 80% of patients with AL amyloidosis have some degree of cardiac involvement, 

manifesting as heart failure (HF), and carrying a particularly poor prognosis.[2,5] Indeed, when 

categorizing patients with AL amyloidosis according to N-terminal fraction of pro-B-type 

natriuretic peptide (NT-proBNP; cut-off 332 ng/L) and cardiac troponin I (cTnI; cut-off 100 ng/L), 

survival progressively decreased from stage I (both biomarkers below cut-offs) to stage II (only one 

biomarker increased), and to stage III (both biomarkers increased); patients with stage IIIb (NT-

proBNP >8500 ng/L, 20% of patients) had a dismal prognosis, with median survival between 4 and 

7 months.[6,7,8] Cardiac involvement at baseline is a major determinant of survival, and cardiac 

response to treatment (defined as >30% and >300 ng/L decrease in NT-proBNP when baseline NT-

proBNP is ≥650 ng/L)[9] is a powerful predictor of prognosis. With regard to the hematologic 

response, it can be classified as complete response (normal free LC - FLC - ratio and negative 

serum and urine immunofixation), very good partial response (difference between involved and 

uninvolved FLCs - dFLC < 40 mg/L), partial response (dFLC decrease > 50%), and no response.[9] 
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Hematologic and cardiac responses predict survival as early as 3 months after treatment 

initiation.[9]  

Therapeutic goals in cardiac AL amyloidosis are rapid elimination of the amyloid precursor, 

removal of fibrils, and effective management of HF (Figure 1). The research on this field is rapidly 

expanding, and many drugs and regimens have been proposed over the last years. In the present 

review we will summarize our current knowledge on therapy for cardiac AL amyloidosis, targeting 

clinical cardiologists involved in the care of this serious disorder, as well as cardiologists with 

expertise in heart failure or cardio-oncology.  

 

Therapies targeting the plasma cells: at the root of the problem 

Chemotherapy targeting the underlying plasma cell dyscrasia has changed considerably in the past 

decade, with markedly improved response rates and prolonged survival. Since AL amyloidosis is a 

rare disease, treatment recommendations rely mostly on phase 2 studies or retrospective analyses, 

and only a few randomized phase 3 studies have been carried out.[10,11] Chemotherapy for AL 

amyloidosis is based on regimens used for the treatment of multiple myeloma (MM), with 

adaptations in terms of dose and schedule.[12]  

High-dose melphalan (HDM) with autologous stem cell transplantation (ASCT) was introduced 

in the care of AL amyloidosis by the Boston Group,[13] and is now considered the treatment of 

choice for approximately 20% of patients with good functional status without severe cardiac and 

renal involvement.[14] Indeed, ASCT is the most cytotoxic therapy against plasma cells, resulting 

in high response rates and the potential to avoid ongoing chemotherapy.[14] Careful selection of 

candidates to ASCT, especially with regard to cardiac involvement, is mandatory because of the 

high transplant-related mortality. A prospective, randomized, phase 3 trial comparing oral 

melphalan plus dexamethasone (MDex) vs. HDM with ASCT did not show a superiority of 

ASCT.[14] In a retrospective, multicentre analysis of 1536 patients with AL amyloidosis 

undergoing ASCT from 1995 to 2012, mortality at 30 and 100 days declined progressively, and 
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overall survival improved.[15] Currently, a hematological response is achievable in more than 70% 

of patients, and complete response in approximately 30 to 40%.[16] The reported 10-year survival 

is about 40%.[17,18] When this therapeutic approach is chosen, close cardiologic evaluation is 

essential because stem cell collection is often associated with fluid retention and hypotension, and 

atrial arrhythmias may occur following chemotherapy.[19] Furthermore, even steroid treatment may 

promote fluid retention, as well as requiring careful titration. In general, it has been recommended 

that cardiologists with expertise in AL amyloidosis are involved during the chemotherapy 

treatment, and visit patients at frequent intervals throughout chemotherapy to adjust concomitant 

medications.[19] 

Oral MDex is a very effective and well tolerated regimen that for several years has been the 

standard of care for patients not eligible to ASCT.[20] A recent update of the outcome of this 

regimen showed an overall median survival of 7.4 years.[21] The hematologic response rate was 

76%, with 31% of patients obtaining complete response, with 37% cardiac response and 24% 

kidney response, thus confirming the efficacy of this regimen.[21]  

The degradation of cellular proteins is a tightly regulated and complex process that plays a 

central role in regulating cellular function and maintaining homoeostasis in every eukaryotic 

cell.[22] The ubiquitin-proteasome pathway represents the major pathway for intracellular protein 

degradation.[22] More than 80% of cellular proteins are degraded through this pathway, including 

those involved in the regulation of numerous cellular and physiological functions, such as cell 

cycle, apoptosis, transcription, DNA repair, protein quality control and antigens.[22] Proteasome 

inhibitors (PIs) block the proteasome either reversibly or irreversibly, causing downstream effects 

that can be summarized as follows: upregulation of proapoptotic protein expression, 

downregulation of several apoptosis inhibitors and proteins involved in DNA repair and activation 

of the unfolded protein response.[23] PIs also affect cell microenvironment, including inhibition of 

cytokine secretion, suppression of adhesion molecule expression and inhibition of angiogenesis.[23]  
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The introduction of proteasome inhibitors has represented a major breakthrough in the care of 

AL amyloidosis. Bortezomib is a reversible inhibitor of the proteasome and has shown to rapidly 

reduce the concentration of amyloid light chains, as a single agent,[24] and in combination with 

dexamethasone and alkylating agents. As detailed in a recent review,[23] several studies have 

confirmed the efficacy of bortezomib as a single agent or combined with dexamethasone (VD 

regimen), also in terms of cardiac response (up to 29% of patients), with a good safety profile. In 

particular, the drug is generally well-tolerated in patients with cardiac amyloidosis; specifically, 

bortezomib cardiotoxicity has been reported, but appears to be rare.[25,26] The combination of 

cyclophosphamide and VD (CVD) is now a commonly used frontline therapy in AL 

amyloidosis.[23] Due to its rapidity of action, bortezomib-based regimens are now standard of care 

for non-transplant eligible patients. They were reported to be effective even in patients with 

advanced cardiac involvement.[27]  Finally, the VD combination has been assessed as induction 

therapy before HDM with ASCT,[ 28 , 29 , 30 ] or as consolidation therapy after HDM and 

ASCT.[31,32] All these options proved feasible, well tolerated, and effective in extending survival 

and increasing cardiac response rates.[28-32] Finally, it is worth noting that bortezomib-based 

regimes can render about 30% of ineligible transplant patients capable of undergoing transplant.[33]  

The second-generation oral proteasome inhibitor ixazomib has been tested in a phase 1/2 trial in 

27 relapsed/refractory patients with AL amyloidosis producing a hematologic response in 52% of 

patients and organ responses in 56% patients (5 cardiac, 5 renal).[34] A randomized phase 3 trial is 

currently underway, comparing ixazomib with physician’s best choice.[35] Finally, a phase 1/2 

study assessing safety and efficacy of a second-generation proteasome inhibitor, carfilzomib, in 

relapsed/refractory AL amyloidosis, showed a 63% response rate, but also significant 

cardiopulmonary toxicities in 36% of patients. In particular, the grade 3/4 adverse effects were 

hypoxia, lung infection, chest pain, hypotension, hypertension, systolic dysfunction, and 

symptomatic ventricular tachycardia.[36]  
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Thalidomide, lenalidomide and pomalidomide represent a group of agents that have shown good 

clinical efficacy in the treatment of AL amyloidosis.[37] Their mechanism of action is incompletely 

understood, and seems to include anti-angiogenic, anti-proliferative, and immunomodulatory 

effects.[38] These drugs are used mostly in the setting of relapsed or refractory disease, but may 

also be part of initial therapy.[19] Thalidomide in combination with other drugs is effective, but 

causes significant toxicity, especially neurotoxicity, and therefore should not be used for the 

treatment of AL amyloidosis.[39] Lenalidomide has shown a good toxicity profile, although caution 

should be used in patients with renal failure.[19,40] An increase in natriuretic peptide levels is 

frequently observed during treatment with lenalidomide, even when hematologic improvement in 

achieved, and in the absence of a demonstrable worsening in cardiac function.[41] Pomalidomide 

has been proven highly effective in a phase 2 trial,[42] has a better safety profile compared to all 

immunomodulatory agents, and is therefore becoming a promising therapeutic tool for the treatment 

of AL amyloidosis.[18]  

 

Novel approaches targeting the plasma cell 

While upfront LC suppressive therapy yields high hematologic overall response rates, the majority 

of patients do not achieve a complete hematologic response to therapy allowing ongoing toxic 

amyloid deposition.[43]  Improvement in involved organ function is even less common, and almost 

all patients eventually experience a relapse requiring additional LC suppressive therapy.[43] These 

considerations justify the ongoing search for novel therapeutic strategies.  

Bendamustine is an alkylating agent, and its mechanism of action consists in disruption of DNA 

replication. This drug is used for the treatment of several hematologic disorders, including MM and 

Waldenström macroglobulinemia.[44] In a recent retrospective analysis on 125 patients, often 

heavily pre-treated, the combination of bendamustine and prednisone appeared well tolerated, and a 

hematologic response was associated with a survival benefit.[45] Notably, only 58% of these 

patients had cardiac involvement. A cardiac response was observed in just 6 out of 48 patients with 
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evaluable NT-proBNP (13%), and cardiac failure as drug-related adverse event was reported in 2% 

of patients.[45] The ongoing phase II trial on bendamustine and dexamethasone in patients with 

relapsed AL amyloidosis [46] will help clarify the safety and efficacy of this drug regimen in 

advanced disease stages. 

Daratumumab is a human IgG1k monoclonal antibody targeting the CD38 surface antigen on 

plasma cells, which has been approved in 2015 by the Food and Drug Administration for the 

treatment of patients with relapsed or refractory MM.[47] Clonal plasma cells in AL express surface 

CD38, providing a rationale for the use of daratumumab in AL amyloidosis.[47] After a report of 

safety and efficacy in 2 patients with advanced, multisystem disease,[48] a recent study on 25 

patients (72% with cardiac involvement) found that daratumumab, administered in the dose and 

schedule approved for MM, rapidly lowers circulating LCs, without significant adverse effects.[49] 

In particular, daratumumab was well tolerated even among patients with advanced cardiac AL 

involvement.[49] 

In order to block the production of amyloid precursor proteins, small interfering RNAs (siRNAs) 

have been considered. siRNAs are non-coding RNA molecules that bind messenger RNA (mRNA) 

blocking its translation into a protein sequence and/or promoting mRNA degradation.[50] siRNAs 

specific for a commonly encountered LC sequence in AL amyloidosis caused a significant 

reduction in LC production in plasmacytomas secreting human amyloidogenic LCs.[51] Several 

issues remain to be solved before assessing siRNAs in clinical trials. Most notably, plasma half-life 

should be extended, and a delivery system that specifically targets plasma cells in the bone marrow 

should be found.[51]  

A possible further therapeutic approach is the activation of the unfolded protein response, which 

was identified as a process whose activation selectively attenuates the secretion of destabilized, 

amyloidogenic LCs, while not affecting the production of non-amyloidogenic LCs.[52] In cell 

cultures, expression of one or both transcription factors X-box binding protein 1 (XBP1) or 

activating transcription factor 6 (ATF6) reduces the secretion and ultimately extracellular 
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aggregation of LCs by inducing protein degradation (XBP1) or intracellular retention (ATF6);[52] 

the latter mechanism could be cytotoxic or make the cell more vulnerable to chemotherapy.[52] The 

possibility of reducing the secretion of abnormal LCs has been confirmed,[53] and has prompted 

the search for small molecules able to mimic the activity of ATF6.[54] 

Another interesting perspective is represented by the use of venetoclax in patients with AL 

amyloidosis harboring the translocation t (11; 14). In a patient achieving only a partial response 

with cyclophosphamide, bortezomib and dexamethasone, adding venetoclax to bortezomib and 

dexamethasone caused a complete response.[55] Since t(11;14) is the most common cytogenetic 

abnormality in AL amyloidosis, this approach could represent a major advance in the treatment of 

these patients.[55] 

 

Blockade of aggregation or proteotoxicity of tissue light chains 

In addition to the physical effects of AL fibril formation, amyloidogenic LCs are cardiotoxic per se, 

reducing contractility in cardiac myocytes,[56] causing early death in zebrafish,[57] and reducing 

pharyngeal contractility in Caenorhabditis elegans.[58] Therapeutic approaches targeting deposited 

LCs thus aim at relieving their cardiotoxic effects and preventing the formation of amyloid fibres.  

The antibiotic doxycycline seems to be active on both fronts. Its polycyclic conjugated structure 

displays a close similarity with that of the anthracycline 4’-iodo-4’-deoxydoxorubicin, which 

emerged as an inhibitor of amyloid fibril formation.[59,60] Doxycycline has also been shown to 

inhibit amyloid deposition in a mouse model of AL amyloidosis, and to disrupt LC fibres in 

vitro.[61] In a preliminary report, patients with systemic AL amyloidosis receiving doxycycline as 

antimicrobial prophylaxis after stem cell transplantation had significantly better survival compared 

to penicillin.[62] A recent retrospective study compared 30 patients with cardiac AL amyloidosis 

receiving doxycycline (100 mg twice daily for a median duration of 6 months) plus standard 

chemotherapy vs. 73 matched controls.[63] On an intention-to-treat basis, more patients in the 

doxycycline group achieved partial or complete hematologic response, and cardiac response, with 
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significant improvement in survival.[63] As of March 2018, three trials on doxycycline in AL 

amyloidosis are underway, and there is one completed trial on patients “with measurable amyloid 

disease” (i.e. not only AL amyloidosis). In this last case, the population size is probably too small 

(25 patients starting, 14 completing) and heterogeneous to yield any meaningful result.[64] With 

regard to the other studies, the Doxycycline to Upgrade Organ Response in Light Chain (AL) 

Amyloidosis (DUAL) trial is a phase II open label study of oral doxycycline administered together 

with plasma cell directed therapy;[65] a randomized phase II/III trial will assess doxycycline vs. 

standard supportive therapy in newly-diagnosed cardiac al amyloidosis patients undergoing 

bortezomib-based therapy;[66] finally, a randomized controlled trial will evaluate doxycycline as 

adjunctive to bortezomib, cyclophosphamide and dexamethasone in newly diagnosed patients.[67] 

Epigallocatechin-3-gallate (EGCG) is a polyphenol, which is abundant in green tea, and is 

credited with potent antioxidant properties. EGCG proved able to redirect amyloidogenic 

polypeptides into unstructured oligomers, thus preventing amyloid fibre formation in vitro.[68,69] 

In an observational study, 11 patients with cardiac AL amyloidosis “started to drink large daily 

amounts of green tea (1.5–2 L/daily),” and displayed a decrease ≥2 mm in their interventricular wall 

thickness (IWT).[70] Despite the unorthodox approach to treatment, the promising results led to a 

phase II study on 57 patients with AL amyloidosis.[71] Among patients with cardiac involvement 

(n=24, 42%), no significant differences were observed between those on EGCG (n=15) and those 

receiving standard chemotherapy only (n=9) in biomarker levels (troponin T, NT-proBNP), as well 

as IWT or native T1, over a 6-month follow-up.64 The drug, administered three times per day by 

capsules (corresponding to 630 mg EGCG three times per day), was well tolerated.[71] The findings 

of a completed study,[72] and an ongoing trial [73] will further clarify the therapeutic potential of 

EGCG.  

As stated above, LC accumulation promotes contractile dysfunction and apoptosis through a 

p38α- mitogen-activated protein kinase (MAPK) pathway, and treatment of cultured 

cardiomyocytes with SB203580, a selective p38 MAPK inhibitor, significantly attenuated AL-LC-
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induced oxidative stress, cellular dysfunction, and apoptosis.[74] To our knowledge, modulation of 

this pathway has not been considered as a possible therapeutic approach so far. Similarly, 

dysregulated autophagic flux seems to contribute to LC-mediated cardiotoxicity, and restoration of 

normal autophagic mechanisms by rapamycin (also known as sirolimus) protected against 

contractile dysfunction and cell death at the cellular and organ level and prolonged survival in a 

zebrafish model of amyloid cardiotoxicity.[74] Nevertheless, modulators of cell autophagy have not 

been evaluated so far as possible therapies for AL amyloidosis. 

  

Amyloid fibres: making the insoluble soluble 

Together to the blockade of amyloidogenic LC production, rapid and effective elimination of 

amyloid deposits from tissues would be important to maintain or restore vital organ function.[75] 

On the contrary, even when the plasma cell dyscrasia is treated effectively, amyloid regression 

often does not occur, with persistent organ dysfunction. Indeed, systemic amyloid deposits are 

characteristically acellular with no surrounding inflammatory reaction.[76] Therefore, attempts 

have been made to elicit an immune response against amyloid fibres. 

Serum amyloid P component (SAP) is an invariant, normal, non-fibrillar plasma glycoprotein. 

SAP binds avidly but reversibly to all types of amyloid fibrils, and thus is specifically concentrated 

in all amyloid deposits. A small-molecule drug, (R)-1-[6-[(R)-2-carboxy-pyrrolidin-1-yl]-6-oxo-

hexanoyl]pyrrolidine-2-carboxylic acid (CPHPC), specifically binds to SAP; it swiftly depletes 

almost all circulating SAP and some, but not all, SAP from tissue amyloid deposits.[77,78] In mice 

with systemic amyloid A (AA) amyloidosis that are transgenic for human SAP, antibodies targeting 

human SAP administered after CPHPC, bind to residual amyloid-bound SAP and trigger clearance 

of the deposits.[79] Similar findings have been reported in an open-label, single-dose-escalation, 

phase 1 trial involving 15 patients with systemic amyloidosis (n=8, 53%, with AL amyloidosis).[80] 

After CPHPC administration, a fully humanized monoclonal anti-SAP antibody was infused. At 6 

weeks, patients who had received a sufficient dose of antibody in relation to their amyloid load had 
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decreased liver stiffness, as measured with the use of transient elastography. These patients also had 

improvements in liver function in association with a substantial reduction in hepatic amyloid load, 

as shown by means of SAP scintigraphy and measurement of extracellular volume by magnetic 

resonance imaging. A reduction in kidney amyloid load and shrinkage of an amyloid-laden lymph 

node were also observed.[80] As per study protocol, patients with AL amyloidosis received a dose 

per patient based on the amyloid load, which was estimated through 123I-SAP scintigraphy; this 

dose was much higher than other patients.[80] The results were also greater, with major changes in 

amyloid load and more frequent improvement in SAP scan, together with higher frequency of an 

acute phase response, in line with a greater activation of inflammatory mechanisms.[80] The 

treatment displayed also a goof safety profile.[80] On the other hand, a major limitation of this 

ground-breaking study is the enrolment of patients in good functional status and with no overt 

cardiac involvement.[80] A very recent study assessed this therapeutic approach (up to three cycles 

of CPHPC followed by anti-SAP antibodies) on 6 patients with cardiac amyloidosis, reporting no 

adverse cardiac events and a reduction of 17% in left ventricular mass by cardiac MRI in a patient, 

but also no significant effects on outcome.[81] Overall, the safety and efficacy of a treatment with 

anti-SAP antibody for cardiac amyloidosis remain to be further investigated.  

Passive immunotherapy with antibodies against specific epitopes of the misfolded LC proteins 

have been developed. NEOD001, a humanized form of murine monoclonal antibody 2A4, was 

shown to react with both soluble and insoluble LC aggregates derived from samples from patients 

with AL while sparing normally folded LCs.[82] In vivo, this antibody promoted AL amyloid 

clearance in a mouse amyloidoma by engaging phagocytes.[82] The interim results of the first-in-

human phase I/II study of NEOD001 in patients with AL amyloidosis were published in 2016.[83] 

Patients who had completed at least one anti-plasma cell-directed therapy achieving at least partial 

hematologic response, but displaying persistent organ dysfunction, received intravenous infusions 

of NEOD001 every 28 days, at dose levels up to 24 mg/kg (3+3 study design).[83] The emerging 

recommended dose was 24 mg/kg.[83] Cardiac evaluable patients were those (14 out of the 27 
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patients enrolled, 52%) having baseline NT-proBNP ≥650 ng/L, and cardiac response was defined 

as >30% and 300 ng/L decrease in NT-proBNP.76 Eight patients (57%) met the criteria for cardiac 

response, and six (43%) had stable disease. The drug was well tolerated, with no major adverse 

events.[83] Notably, these conclusions cannot be extended to patients with more severe cardiac 

involvement, as patients with NT-proBNP levels higher than 5000 ng/L were not enrolled.[83] 

These results prompted the initiation of the phase III VITAL Amyloidosis Study (NCT02312206), a 

multi-centre, international, event-driven, randomized, double-blind, placebo-controlled, two-arm 

efficacy and safety study in subjects newly diagnosed with AL amyloidosis. This study should have 

given insight on cardiac response, assessed as NT-proBNP variations, but also in terms of hard 

endpoints (all-cause and cardiac death, cardiac hospitalization), functional capacity (change in 6-

minute walking distance), and symptoms (Kansas City Cardiomyopathy Questionnaire).[ 84 ] 

However, following the negative results of another phase 2b study (the PRONTO trial), on April 

23, 2018 the producing company has announced its decision to discontinue all development of 

NEOD001, including the VITAL study and the open label extension studies.[85]  

 

Management of cardiac involvement 

HF in cardiac amyloidosis poses specific therapeutic challenges because of patient frailty, 

multiorgan involvement and specific pathophysiology, resulting in different response to 

treatment.[19] The traditional therapeutic paradigm of HF cannot be simply translated to cardiac 

amyloidosis, as angiotensin converting enzyme inhibitors/angiotensin receptor blockers, beta 

blockers, and mineralocorticoid receptor antagonists are often poorly tolerated because of 

hypotension, renal insufficiency, or other contraindications. Therefore, a strategy of neurohormonal 

antagonism requires slow drug up-titration and close patient monitoring. Relief from congestion 

usually requires loop diuretics; bioavailable loop diuretics (torsemide and bumetanide) are 

preferable to furosemide, especially when gut edema is expected because of right HF. Loop 

diuretics can be usefully combined with spironolactone.[19] Non-dihydropyridine calcium channel 
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blockers must be avoided as they may worsen congestive HF. Moreover, digoxin is traditionally 

seen as not effective for HF treatment, and yielding a risk of toxicity within the therapeutic range 

because of altered binding of digoxin molecules to the amyloid-laden heart.[86] On the other hand, 

a very recent retrospective analysis on 107 patients with AL concluded that digoxin treatment has 

an acceptable safety profile provided when low doses are administered, and drug concentration, 

electrolytes and renal function are closely monitored.[87] 

As a result of amyloid infiltration of the atrial walls and atrial enlargement because of ventricular 

diastolic dysfunction, there is a higher incidence of atrial fibrillation, flutter, or tachycardia. These 

arrhythmias are often poorly tolerated because of greater reliance on atrial contribution to 

ventricular filling, and possibly a high ventricular response. Catheter ablation may be difficult 

because of the extensive atrial involvement, and the recurrence rate is high.[88] The two most 

commonly used antiarrhythmics for patients with AL amyloidosis who have atrial fibrillation are 

amiodarone and dofetilide. These agents do not have significant negative inotropic effects and thus 

are preferred. Indeed, antiarrhythmic agents with a negative inotropic or chronotropic effect should 

be avoided, although beta-blockers may be used cautiously.[19] Finally, the use of digoxin for rate 

control should be avoided, as it yields a significant risk of toxicity (see above).  

Anticoagulation with either warfarin or the novel oral anticoagulants can usually be safely 

administered to patients with AL amyloidosis. Its use has been advocated for any atrial arrhythmia, 

and possibly also if the patient is in sinus rhythm, when there is echocardiographic evidence of left 

atrial mechanical dysfunction, because thrombus formation and embolization may occur in these 

patients.[19]  

Ventricular arrhythmias are relatively uncommon in AL amyloidosis, and sudden death is most 

often due to profound bradycardia or pulseless electrical activity,[89] usually in patients with severe 

amyloid cardiomyopathy. The possibility to influence the natural history of cardiac AL amyloidosis 

through defibrillator implantation seems limited,[90,91] and even patients deemed at higher risk 

because of a history of syncope and/or ventricular ectopic beats did not derive a survival benefit 
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from ICD.[92] It has been proposed to consider ICD therapy when patients 1) do not have New 

York Heart Association (NYHA) class IV symptoms or life expectancy <1 year, 2) have a history 

of non-posturally mediated syncope or demonstrated non-sustained ventricular tachycardia (NSVT) 

at telemetry monitoring.[93] Alternatively, ICD implantation followed by anti-arrhythmic therapy 

has been proposed for patients 1) in NYHA class I-III, NT-proBNP <8500 ng/L and systolic blood 

pressure >90 mmHg, and 2) with history of recurrent cardiac syncope or NSVT.[91] However, 

these algorithms rely on expert opinion, and evidence from clinical trials or registries is warranted. 

Finally, the finding that bradyarrhythmias may herald terminal cardiac decompensation has 

suggested the possible benefit from prophylactic pacemaker implantation,[94] but to our knowledge 

this approach has never been evaluated so far. 

LVAD implantation is technically feasible, but is burdened by high morbidity and poor outcome, 

therefore it should not be viewed as a viable option.[95] Another therapeutic option is orthotopic 

heart transplantation (OHT), which should be considered in patients aged <65 years, at high cardiac 

risk (Mayo stage IIIb), and without significant extra-cardiac amyloidosis.[96,97] With regard to this 

last point, careful evaluation for organ involvement prior to OHT is recommended,[98] and most 

patients with AL amyloidosis have multisystem disease, thus not being candidates. For patients 

undergoing OHT, the best tolerated hematologic regimen should be started immediately after 

transplantation to avoid progression of the systemic disease with amyloid infiltration of the 

transplanted heart, and ASCT should be considered.[19] The outcomes were poor before the 

introduction of proteasome inhibitors, but have improved in the following years.[98] 

 

Management of cardiac amyloidosis: an overview 

The treatment of cardiac AL amyloidosis relies on a combination of therapies that globally aim at 

controlling the hematologic disorder and relieving the ongoing cardiac damage. Patient’s clinical 

status is a crucial determinant of prognosis, and influences also the therapeutic choices. A 

classification system based on biomarker levels, age, renal function, and functional status has been 
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proposed (Figure 2).[99,100] “Fit” patients should receive high-dose melphalan and autologous 

stem cell transplantation (HDM-ASCT), hematologic response is achieved in approximately 75% of 

cases, and cardiac response in 30-40%. Several options are available for “intermediate-fit” patients: 

full-dose chemotherapy, bortezomib-based regimens (bortezomib, cyclophosphamide and 

dexamethasone - CyBorD, bortezomib, melphalan and dexamethasone - BorMDex), or melphalan-

dexamethasone (MDex). Hematologic response is reached in 65% of patients, and cardiac response 

in 30%. Finally, therapeutic options for frail patients include cautious escalation of chemotherapy 

(bortezomib-dexamethasone), heart transplantation, left ventricular assist device (LVAD) 

implantation, or experimental approaches. Rates of hematologic response and cardiac response are 

40% and 5-10%, respectively, configuring an unmet need for safe and effective therapy for this 

patient population.[99,100] 

Despite the apparent simplicity of this algorithm, tailoring the treatment on each individual 

patient may be a daunting task, and can rely on limited supporting evidence. Therefore, a close 

collaboration among cardiologists, hematologists, nephrologists, and other specialists (according to 

the individual disease phenotype) is required in order to choose the best treatment strategy. Last but 

not least, cardiologists should consider cardiac AL amyloidosis among differential diagnoses, and 

hematologists should consider the possibility of a cardiac involvement in patients with plasma cell 

dyscrasias. Indeed, early diagnosis means better functional status, possibility to adopt a more 

aggressive therapeutic approach, and ultimately greater survival.  

 

Conclusions 

The past decade has seen major advances in the treatment of AL amyloidosis, and a rapidly fatal 

disease has become a treatable and possibly curable condition. The number of therapeutic options is 

rapidly expanding (Table 1), offering hope to address currently unmet needs (most notably, the 

treatment of frail patients, such as those with overt cardiac involvement). In the near future the 

treatment of AL amyloidosis will probably consist in a combination of agents targeting multiple 
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steps of the amyloid cascade, and there is ground for hope for dramatically improving the outcome 

in the near future. Nonetheless, this goal will not be achieved unless cardiologists realize greater 

awareness of cardiac AL amyloidosis and the options for its treatment, allowing early diagnosis and 

proper management of this condition.  
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Figure legends 

Figure 1. Targets for treatment in cardiac light-chain (AL) amyloidosis, and possible 

approaches.  

 

 

The therapeutic approaches are discussed extensively in the text. ACEi/ARB, angiotensin 

converting enzyme inhibitor/angiotensin receptor blocker; ASCT, autologous stem cell 

transplantation; BB, beta-blocker; EGCG, epigallocatechin-3-gallate; HF, heart failure; ICD, 

implantable cardioverter defibrillator; LCs, light chains; mAb, monoclonal antibody; MAPK, 

mitogen-activated protein kinase; MRA, mineralocorticoid receptor antagonist; PM, pacemaker; 

SAP, serum amyloid P component; siRNA, small interfering RNAs; UPR, unfolded protein 

response.  
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Figure 2. Choice of treatment for cardiac AL amyloidosis based on patient risk stratification.  

 

All the criteria used to define the subgroups are required. The hematologic response to treatment 

can be classified as complete response (normal free LC - FLC - ratio and negative serum and urine 

immunofixation), very good partial response (difference between involved and uninvolved FLCs - 

dFLC < 40 mg/L), partial response (dFLC decrease > 50%), and no response. Cardiac response has 

been defined as >30% and >300 ng/L decrease in NT-proBNP (if baseline NT-proBNP is ≥650 

ng/L). BorMDex, bortezomib, melphalan and dexamethasone; CT, chemotherapy; CyBorD, 

bortezomib, cyclophosphamide and dexamethasone; ECOG, Eastern Cooperative Oncology Group; 

HDM-ASCT, high-dose melphalan and autologous stem cell transplantation; ICD, implantable 

cardioverter defibrillator; LVAD, left ventricular assist device; MDex, melphalan-dexamethasone; 

NT-proBNP, N-terminal fraction of pro-B-type natriuretic peptide; NYHA, New York Heart 

Association; SBP, systolic blood pressure.  

From: Merlini et al., 2014;[99] Le Bras et al., 2017.[100] 



20 

Table 1. Therapies for cardiac light chain (AL) amyloidosis. 

 

Targets Therapies Notes References 

Plasma cells High-dose melphalan with ASCT  Treatment of choice for patients with good functional status without severe cardiac 

and renal involvement 

[14-19] 

Melphalan-dexamethasone Effective and well tolerated [20-21] 

Proteasome inhibitors  - Bortezomib: safe and effective; bortezomib-based regimens: standard of care for 

patients not eligible to ASCT. 

- Ixazomib 

[22-36] 

Thalidomide, lenalidomide and 

pomalidomide 

Often used for relapsed or refractory disease. Increase in NP levels during 

treatment with pomalidomide 

[37-42] 

Bendamustine Bendamustine and prednisone: well tolerated and effective in heavily pre-treated 

patients.  

Bendamustine and dexamethasone: clinical trial underway 

[45-46] 

Daratumumab Effective in reducing circulating LCs, well tolerated even with advanced cardiac 

involvement 

[47-49] 

Experimental approaches (small 

interfering RNAs, activation of the 

Under evaluation [50-55] 
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unfolded protein response, 

venetoclax) 

Tissue light 

chains 

Doxycycline Disrupts LC fibers in vitro. Promising approach, clinical trials underway [59-67] 

Epigallocatechin-3-gallate  Prevents amyloid formation in vitro. Clinical trials underway [68-73] 

Experimental approaches (p38 

MAPK inhibitor, rapamycin) 

Under evaluation [74] 

Amyloid 

fibers 

CPHPC + anti-SAP Abs - CPHPC depletes circulating SAP; Abs then bind to residual amyloid-bound SAP 

and trigger clearance of the deposits 

- Reduction in amyloid load, uncertain effects on outcome 

[77-81] 

NEOD001 Ab targeting specific epitopes of misfolded LC proteins. Clinical trial underway [82-84] 

Cardiac 

involvement 

ACEi/ARB, BB, MRA Often poorly tolerated, to be used with caution [19] 

Loop diuretics  Relieve congestion. Torsemide and bumetanide better absorbed than furosemide. 

Possible combination with spironolactone. 

[19] 

Non-dihydropyridine CCBs Contraindicated [19] 

Digoxin Contraindicated (risk of toxicity) [85] 

Antiarrhythmic therapy Amiodarone, dofetilide  preferred (no negative inotropic effects). BB may be used 

cautiously. Digoxin: risk of toxicity 

[19] 
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Anticoagulation For atrial fibrillation (plus other atrial arrhythmias) [19] 

ICD Limited benefit, uncertain predictors of benefit. For patients who: 1) do not have 

NYHA class IV symptoms or life expectancy <1 year, 2) have a history of non-

posturally mediated syncope or demonstrated NSVT 

[88-92] 

PM Never specifically evaluated - 

LVAD High morbidity and poor outcome [93-94] 

Heart transplantation To be considered in patients aged <65 years at high cardiac risk (Mayo stage IIIb), 

without significant extra-cardiac amyloidosis 

[95-97] 

 

ACEi/ARB, angiotensin converting enzyme inhibitor/angiotensin receptor blocker; ASCT, autologous stem cell transplantation; BB, beta-blockers;  

CCB, calcium channel blockers; CPHPC, (R)-1-[6-[(R)-2-carboxy-pyrrolidin-1-yl]-6-oxo-hexanoyl]pyrrolidine-2-carboxylic acid; ICD, implantable 

cardioverter defibrillator; LC, light chain; LVAD, left ventricular assist device; MAPK, mitogen-activated protein kinase; MRA, mineralocorticoid 

receptor antagonists; NSVT, non-sustained ventricular tachycardia. 
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