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Immunoglobulin light chain (AL) amyloidosis is characterized by small, indolent plasma cell clones that uniformly demonstrate high 
expression of CD38 surface molecule and produce toxic, free light chains. The use of daratumumab, a human anti-CD38 monoclonal 
antibody, has shown important efficacy with minor toxicities in patients with relapsed or refractory AL amyloidosis. Early data from the phase 

III ANDROMEDA clinical trial, which evaluated the combination of subcutaneous daratumumab with standard-of-care cyclophosphamide, 
bortezomib and dexamethasone in patients with newly diagnosed AL amyloidosis, showed an outstanding rate of deep haematological 
response with significant improvement in organ function, results that led to the approval of daratumumab for the treatment of the disease. 
A new era for the management of AL has arisen and daratumumab is the centrepiece. In the current article, we provide an overview of the 
mechanism of action of daratumumab and review the clinical evidence that supports its use in the management of AL amyloidosis.
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Immunoglobulin light chain (AL) amyloidosis is the most common type of systemic amyloidosis, 

a spectrum of diseases induced by misfolded proteins that generate insoluble amyloid fibrils and 

deposits in various organs. The precursor protein in AL amyloidosis is a toxic, free light chain (FLC) 

secreted by an indolent plasma cell or B-cell clone in the bone marrow.1 The most affected organs 

include the kidney, heart, liver, peripheral and autonomous nervous systems, and soft tissues. 

Heart involvement drives down survival of patients, according to the Mayo risk stratification 

system, which is based on cardiac biomarkers (N-terminal of the prohormone brain natriuretic 

peptide and high-sensitivity cardiac troponin T) and revised by the incorporation of difference of 

serum free light chain (dFLC).2,3

Treatment of AL amyloidosis is aimed at eradication of the underlying clone. The backbone of 

therapy includes regimens adopted from the field of multiple myeloma (MM). These anticlonal 

agents include alkylators (melphalan and cyclophosphamide), proteasome inhibitors (bortezomib, 

carfilzomib and ixazomib) and immunomodulatory drugs (lenalidomide and pomalidomide). Early 

recognition and deep haematological responses, defined as very good partial response (VGPR) or 

better, have been correlated with improved overall survival (OS) over recent decades, with 2-year 

OS of 60% and 4-year OS of 54%.4 However, the disease is still incurable and 30% of patients will 

still die within 6 months of diagnosis, while a significant number are prone to toxicities related to 

conventional treatments. The development of more effective combinations that will further improve 

haematological responses will lead to prolonged survival and organ function restoration.5 Recently, 

the results of the phase III, randomized, open-label, multicentre ANDROMEDA (AMY3001) trial 

have been published.6 The study evaluated the combination of subcutaneous (SC) daratumumab 

with standard-of-care cyclophosphamide, bortezomib and dexamethasone (CyBorD) in newly 

diagnosed AL amyloidosis.6 Based on ANDROMEDA, the US Food and Drug Administration (FDA) 

and European Medicines Agency approved the use of SC daratumumab in combination with 

CyBorD for the treatment of newly diagnosed AL amyloidosis with Mayo stage I–IIIA, making it the 

first approved therapeutic regimen for this unique disease.7

This article provides an overview of the mechanism of action of daratumumab, reviews the clinical 

evidence that supports its use in AL amyloidosis and describes how daratumumab could be 

incorporated into the current treatment strategy.

CD38 in AL amyloidosis clone
The biology of the plasma cell clone is considered to play a significant role in the pathogenesis of AL 

amyloidosis. The bone marrow usually shows low-grade plasma cell clones with low proliferation 

index.8 In fact, the presence of bone marrow plasma cells >10% is associated with poor survival 

regardless of Mayo stage.9 Clonal plasma cells produce large amounts of amyloidogenic FLCs 

that increase oxidative stress and render plasma cells highly dependent on proteasome activity. 

Thus, amyloidotic cells are intrinsically sensitized to proteasome inhibitors and bortezomib has 

become the centrepiece in AL amyloidosis management.10 Whole-genome sequencing studies 
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reveal that AL amyloidosis clones have more features in common with 

monoclonal gammopathy of undetermined significance than with MM,11 

while the most frequent chromosomal aberration is translocation (11;14), 

which is also associated with adverse outcomes in patients treated with 

bortezomib-based regimens.12

Studies using flow cytometry and next-generation sequencing have 

demonstrated that most clonal plasma cells express CD38, while higher 

expression has been correlated with advanced cardiac involvement 

and adverse prognosis in AL amyloidosis.13,14 CD38 is a 45-kD, type 2 

transmembrane molecule with dual function both as transmembrane 

signalling receptor and as enzyme. Interaction with its ligand, CD31, leads 

to cell survival and migration.15 Moreover, CD38 acts as an ectoenzyme 

by converting nicotinamide adenine dinucleotide to cyclic adenosine 

diphosphate-ribose, which regulates calcium release and lymphocyte 

proliferation.16 CD38 is present on both normal and malignant plasma 

cells, but also on regulatory B cells, regulatory T cells and natural killer 

cells.17–19 The rationale for targeting the CD38 molecule in myeloma and 

other plasma cell dyscrasias lies in the fact that CD38 is ubiquitously 

expressed on plasma cells and on its role in cell signalling. 

Daratumumab mechanism of action
The small size and the indolent nature of the AL amyloidosis plasma cell 

clone make therapy with monoclonal antibodies feasible and optimal. 

Daratumumab is a human IgGκ1 monoclonal antibody (MoAb) that binds 

with high affinity to CD38 on clonal plasma cells and other lymphoid cells. 

Similarly to antibodies, MoAbs have two distinct functional domains: a 

constant fragment (Fc) that connects to effector cells via Fcγ receptors 

(FcγR) and a variable fragment that binds to antigens. Daratumumab 

mediates cytotoxicity of plasma cells through pleiotropic mechanisms, 

including antibody-dependent cellular cytotoxicity (ADCC), antibody-

dependent cellular phagocytosis (ADCP), complement-dependent 

cytotoxicity and direct apoptosis.20 Binding of the Fc domain to the CD38 

epitope on clonal plasma cells promotes the activation of natural killer 

cells, which results in degranulation of cytotoxic cytokines and lysis 

of tumour cells by ADCC,21 and the activation of other effector cells 

(macrophages and monocytes), which leads to phagocytosis (ADCP).22 

Similarly, the interaction of daratumumab with C1q activates the classical 

complement pathway and the formation of membrane attack complex.20 

Daratumumab induces programmed cell death of CD38+ myeloma 

cells through FcγR-mediated cross-linking.23 CD38 redistribution on the 

surface, loss of membrane integrity and morphological modifications 

contribute to programmed cell death activation.23 Daratumumab has 

immunomodulatory effects, too.24 The absolute number of natural killer 

cells is significantly reduced during daratumumab therapy.25 Regulatory 

T cells and other myeloid-derived suppressor cells are also depleted.18 

At the same time, a substantial increase in CD4+ Th1 cells and CD8+ 

effector T cells could enhance an adaptive immune response.18 Finally, 

changes in enzymatic activity of daratumumab have also been studied.26 

Inhibition of CD38 ectoenzyme function decreases the release of 

adenosine, an immunosuppressor that eliminates the activity of immune 

effector cells.21

Daratumumab in AL amyloidosis
Daratumumab monotherapy has produced durable responses with a 

manageable toxicity profile in relapsed/refractory MM.27,28 The addition 

of daratumumab to lenalidomide or bortezomib significantly prolonged 

progression-free survival (PFS) and improved the overall response 

rate of patients who had received at least one prior treatment.29,30 

Among patients with newly diagnosed MM, both eligible and ineligible 

for autologous stem cell transplantation (ASCT), daratumumab in 

combination with standard-of-care regimens improved OS and PFS.31–34 

Furthermore, patients achieved deeper responses, and evaluation of 

minimal residual disease (MRD) showed higher MRD-negative rates.32–36 

The results of the COLUMBA study showed that SC daratumumab 

(1,800 mg in 15 mL) with recombinant human hyaluronidase PH20, was 

non-inferior to intravenous (IV) daratumumab in terms of efficacy and 

pharmacokinetics, and led to FDA approval. The most common side 

effects of daratumumab are infusion-related reactions and infections. 

In AL amyloidosis, daratumumab was initially introduced in the relapsed 

setting. The first report was published in 2016. Two patients with previously 

treated AL amyloidosis received daratumumab with dose and schedule 

similar to those used for myeloma approval. Both patients achieved 

haematological complete remission soon after they began treatment.37 

One of the patients had cardiac involvement and tolerated the IV infusion 

of daratumumab, suggesting that the treatment may also be an option for 

frail patients. A retrospective analysis of 25 heavily pretreated patients, 

published in 2017 by Kaufman et al. showed that daratumumab produced 

rapid and deep responses.38 The overall haematological response rate 

was 76% (complete response [CR] in 36% and VGPR in 24%), and median 

time to response was 1 month. Responses were actually more favourable 

than those with other available regimens in the relapse setting, and 

adverse events were similar to those observed in myeloma.38 Further 

small cohorts of patients with relapsed AL amyloidosis who received IV 

daratumumab had extraordinary haematological responses (63–100%), 

time to response (1–4 weeks) and organ response (cardiac response in 

up to 55% and renal response in up to 67%).39–42 A large cohort of patients 

(n=168) compared daratumumab monotherapy with the combination 

of daratumumab plus bortezomib and dexamethasone.43 Results were 

promising, with 64% versus 66% of patients achieving CR, showing 

that combination therapies are feasible in relapsed AL amyloidosis. 

Daratumumab has been an effective option even for patients with high 

tumour burden or nephrotic-range proteinuria.44 Moreover, daratumumab 

in combination with immunomodulatory drugs appears to be safe and 

more effective than in MM patients.45 These results provided the rationale 

for the ANDROMEDA study in newly diagnosed patients.6,46

Daratumumab in combination with 
cyclophosphamide, bortezomib and 
dexamethasone in newly diagnosed AL 
amyloidosis
In the first-line setting, IV daratumumab was first administered in two 

patients with advanced cardiac involvement and they both achieved 

complete remission without serious adverse events.47 The phase III 

ANDROMEDA study demonstrated that the addition of SC daratumumab 

to standard CyBorD improved haematological and organ responses.6 

Patients were randomized to receive either CyBorD alone for six cycles, 

or CyBorD plus daratumumab (DARA-CyBorD) for six cycles followed 

by maintenance therapy with monthly daratumumab for up to 24 

cycles.6,48 Eligible patients had to have histopathological diagnosis of AL 

amyloidosis (based on immunohistochemistry or electron microscopy) 

with measurable disease and at least one involved organ according 

to International Society of Amyloidosis (ISA) criteria.49 Adequate 

organ function (estimated glomerular filtration rate of at least 20  mL/

min/1.73 m2) was required, and patients were not eligible if they were 

Mayo stage IIIB (NT-proBNP level >8,500 ng/L) or they had other severe 

cardiovascular diseases. 

The primary endpoint of the study was overall haematological CR 

rate. As a human IgGκ MoAb, daratumumab is detected by serum 

immunofixation electrophoresis, making CR assessment according to ISA 
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criteria challenging.50 Thus, in ANDROMEDA, CR was defined as negative 

serum and urine immunofixation with an involved free light chain (iFLC) 

within normal limits but without the requirement of a normal FLC ratio. 

The study also established deep or stringent CRs (dFLC <10 mg/L and 

iFLC <20 mg/L). Patients who met CR criteria were evaluated for MRD. 

Secondary endpoints of the study included major organ deterioration–

progression-free survival (MOD-PFS, a new composite endpoint that 

accounted for death, advanced cardiac or renal failure or haematological 

progression), organ response rate, PFS, OS, improvement in fatigue, 

6-month haematological CR rate, at least haematological VGPR rate, time 

to and duration of haematological CR, and time to next treatment.

In the safety run-in analysis, 28 patients were evaluated for potential 

side effects.6 The most frequent all-grade adverse events were diarrhoea 

(67.9%), fatigue (53.6%) and peripheral oedema (50%), and the most 

frequent grade 3/4 events were fatigue (21.4%), lymphopaenia (17.9%) 

and anaemia (14.3%), all of which were consistent with the toxicity 

profile of both SC daratumumab and CyBorD. Injection-related reactions 

occurred in one patient on the first and second administration, and were 

grade 1. 

In the first interim analysis of the ANDROMEDA study, the median follow-

up was 11.4 months.48 Overall, 388 patients were randomized (195 to the 

DARA-CyBorD group and 193 to the CyBorD-only control group), and 

haematological CR rate was 53.3% in the DARA-CyBorD group versus 

18.1% in the CyBorD group (relative risk ratio 2.9, 95% confidence 

interval [CI] 2.1–4.1; p<0.001).48 At the 6-month landmark analysis, 

haematological CR rate was 49.7% in the DARA-CyBorD group versus 

14% in the CyBorD group. In the DARA-CyBorD group, median time to 

first response (at least partial response) was 9 days and median time to 

VGPR was 19 days.6 Importantly, the median time to haematological CR 

was 60 days in the DARA-CyBorD group versus 85 days in the CyBorD 

group. The rate of VGPR or better was 78.5% and 49.2% respectively 

(p<0.0001), while deep haematological responses with iFLC ≤20 mg/L or 

dFLC levels <10 mg/L more frequently occurred with the daratumumab 

combination treatment (70.8% versus 20.2% and 64.1% versus 30.6%, 

respectively). Independently of the criteria used, there was a substantial 

benefit in terms of deep haematological responses with the addition 

of daratumumab. In an updated analysis that was presented later,51 the 

median follow-up was 20.3 months, and haematological CR rates were 

significantly higher in the DARA-CyBorD group (59% versus 19%; odds 

ratio 5.9, 95% CI 3.7–9.4; p<0.0001). 

Improvement of organ function is also a major goal of AL amyloidosis 

therapy. Patients who attain deep haematological responses are more 

likely to obtain an organ response and this can substantially improve 

their prognosis and survival. 

In the interim analysis of ANDROMEDA, the addition of daratumumab 

to CyBorD was associated with higher frequencies of cardiac and renal 

responses. At the 6-month landmark analysis, the cardiac response rate 

was 41.5% in the DARA-CyBorD group and 22.2% in the CyBorD group 

(p=0.0029),48 and renal response rate was 53.0% and 23.9%, respectively 

(p<0.0001). Organ response rates were further enhanced at the 12-month 

landmark analysis (cardiac response 57% versus 28%; renal response 

57% versus 27%).51

Regarding secondary endpoints, the MOD-PFS significantly favoured the 

DARA-CyBorD group (hazard ratio 0.58, 95% CI 0.36–0.93; p=0.0211).48 

The median time to next treatment in the DARA-CyBorD group was not 

reached, whereas in the CyBorD group it was 10.4 months. A total of 19 

patients (9.8%) in the DARA-CyBorD group and 79 patients (42.0%) in the 

CyBorD group received subsequent therapy. 

Early deaths (<60 days from initiation of treatment) occurred in 13 

patients in each group and a total of 56 patients died (27 in the DARA-

CyBorD group and 29 in the CyBorD group). Overall death was considered 

to be related to adverse events in 23 patients (11.9%) in the DARA-

CyBorD group and in 14 patients (7.4%) in the CyBorD group. Although 

not statistically significant, this may be attributed to the increased risk of 

infections and the immunoparesis related to daratumumab in patients 

with cardiac involvement. Death caused by disease progression was 

observed in 1.0% of patients in the DARA-CyBorD group versus 4.8% in 

the CyBorD group. Overall mortality and adverse events related to death 

were mostly reported in patients with advanced cardiac involvement. 

The use of SC daratumumab saves considerable time and resources, 

and in the ANDROMEDA trial SC daratumumab was also correlated with 

fewer systemic administration-related reactions (in 14 patients [7.3%]), 

all of which were mild (grade 1 or 2), and most of them (85.7%) occurred 

during the first administration. Local injection-related reactions were 

also observed in 54 patients (28.0%, versus 45 patients [23.9%]), with 

21 patients (10.9%) in the DARA-CyBorD group experiencing injection-

related reactions with daratumumab. Longer follow-up will be needed 

to assess the role of daratumumab maintenance in the course of  

the disease.

Future perspectives
The combination of bortezomib with cyclophosphamide and 

dexamethasone (CyBorD) results in VGPR/CR rates of 43%, with organ 

responses in up to 25% of patients, and was considered the mainstay of AL 

amyloidosis therapy until recently. The ANDROMEDA trial demonstrated 

that the addition of daratumumab to CyBorD, yields faster, deeper and 

more durable responses with limited toxicity. As a result, daratumumab 

has moved to the frontline of AL amyloidosis therapy and DARA-CyBorD 

has become the new standard of care. 

A very appealing feature of daratumumab is its significant ability 

to induce deep haematological responses within the first month 

of its administration. Findings from the ANDROMEDA trial along 

with previously published data,52,53 suggest that the achievement of 

stringent dFLC or iFLC responses, even without fulfilling ISA criteria for 

CR, is associated with significantly improved survival and higher organ 

responses. As mentioned above, as a human IgGκ moAb, daratumumab 

is detected by serum immunofixation electrophoresis, making CR 

assessment challenging.50 Patients with measurable disease who 

achieve CR or very low FLCs levels and patients without measurable 

disease after the completion of therapy should be evaluated for MRD 

using next-generation flow cytometry or next-generation sequencing. 

Although the MRD data from the ANDROMEDA trial are not yet 

available, MRD-negative status in other series has been associated with 

very low probability of haematological relapse and with high rates of 

organ responses.54 These results highlight that MRD negativity should 

be the optimal goal of AL amyloidosis anticlonal therapy. Furthermore, 

as next-generation flow methods are increasingly available, a shift 

towards more individualized treatments is anticipated. Other antigens 

on the surface of plasma cells that have been targeted initially in 

myeloma but are also tested in AL amyloidosis, include CD20 surface 

molecule (targeted by rituximab),55 Signaling Lymphocyte Activation 

Marker Family member 7 (SLAMF7) receptor (targeted by elotuzumab)56 

and B-cell maturation antigen (targeted by belantamab mafodotin 

antibody–drug conjugate).57 
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In AL amyloidosis, translocation (11;14) is the most common 

chromosomal alteration among patients (up to 50%).58 Carrying t(11;14) 

is an adverse prognostic factor, with inferior haematological responses 

in patients treated with bortezomib-based regimens (VGPR or better 52% 

versus 77%; p=0.004) and with shorter survival (median OS 15 versus 

27 months; p=0.05).12,59 In the ANDROMEDA trial, haematological CR 

rates were independent of the presence of t(11;14) (55% versus 52%)48 

in the DARA-CyBorD group. In fact, the addition of daratumumab may 

overcome the adverse impact of t(11;14), rendering daratumumab a 

promising tool for this subgroup of patients, either as monotherapy or 

in combinations. In addition, t(11;14) is associated with overexpression 

of anti-apoptotic factor Bcl-2, which is targeted by the Bcl-2 inhibitor, 

venetoclax.60,61 However, based on data from myeloma patients, high 

mortality rates raise concerns about safety in this frail population; 

some case reports have implied that the addition of venetoclax to 

daratumumab could enhance the outcome in patients with relapsed/

refractory AL amyloidosis.60

A very high-risk cohort of patients includes Mayo stage IIIB (NT-

proBNP levels >8,500 pg/mL) and patients with extremely low systolic 

blood pressure (<100 mmHg), with median survival of 3–6 months.3,62 

The early eradication of the toxic FLCs and the underlying plasma 

cell clone is crucial. However, standard treatment with CyBorD is 

ill-tolerated. Daratumumab, on the other hand, is a regimen with 

manageable adverse events, no cardiotoxicity, and the introduction 

of SC administration significantly reduces the risk of volume overload. 

Given the high rates of substantial deep responses and the high rates 

of cardiac responses in relapsed AL but also in the ANDROMEDA 

study, daratumumab has emerged as an attractive option for high-risk 

patients. An ongoing phase II trial is currently assessing the safety and 

efficacy of daratumumab monotherapy in previously treatment-naïve 

stage IIIB AL amyloidosis patients.63

The rapid reduction of the toxic FLCs is also relevant for the restoration of 

kidney function in patients with renal amyloidosis. The renal damage often 

leads to end-stage renal disease; therefore, the use of daratumumab, 

which induces CRs and VGPRs in a short time, in combination with 

bortezomib, which has a protective effect on the kidney,64 offers a 

very promising novel option. Daratumumab-based regimens have also 

been considered for the treatment of the rare entities of monoclonal 

gammopathies of renal significance, with great efficacy and safety in a 

small cohort of 25 patients.65 Although monoclonal antibodies are safe 

for the treatment of patients with renal dysfunction, in a series of 168 

patients with AL amyloidosis treated with daratumumab-based regimens, 

nephrotic-range proteinuria was an adverse factor for haematological 

event-free survival.43 This may be attributed to the impaired glomerular 

function in patients with severe non-selective proteinuria and to urinary 

excretion of monoclonal antibodies.66 

Besides cardiac and renal amyloidosis, there is also concern for 

the management of patients with mild-to-severe peripheral nerve 

involvement. Owing to the neurotoxicity of bortezomib and fears 

about exacerbation of neuropathy symptoms, daratumumab even as 

monotherapy could be the optimal choice.67

The advances in the field of AL amyloidosis will focus on the development 

of treatments that target the amyloid deposits because they could 

improve organ function. Phase I/II studies of CAEL-101, an IgG1 MoAb 

targeting light chain amyloid fibrils, demonstrated that it is safe and 

results in significant organ responses.68,69 A randomized phase III study 

in patients with advanced cardiac involvement is ongoing and currently 

recruiting patients.70,71 The combination of anticlonal therapies that yield 

rapid and deep responses, such as daratumumab, with an effective 

amyloid targeting regimen that reduces amyloid load could change the 

natural history of the disease. 

High-dose melphalan followed by ASCT is an effective treatment for 

appropriately selected AL amyloidosis patients, with haematological 

responses of 84% (CR 39% and VGPR 33%) and organ responses 

of 60%, which may last for more than 15 years when performed in 

experienced centres.72,73 Features that support the use of ASCT in AL 

amyloidosis management include the small burden of clonal cells, 

the low proliferative index and the absence of high-risk cytogenetics 

abnormalities.72 However, treatment-related mortality rates, which may 

be as high as 20%,74 and the introduction of novel immunotherapies 

make its role debatable. In fact, the attainment of deep haematological 

and organ responses with the use of daratumumab-based regimens as 

a first-line agent (CR 53%, cardiac response 42% and renal response 

53%), together with its favourable safety profile, eliminate the need for 

ASCT in AL amyloidosis, even for transplant-eligible patients. Depending 

on the depth of haematological response and the achievement of 

organ response post-daratumumab, ASCT could be considered for 

those patients with residual disease or persistent organ dysfunction. 

Longer follow-up of the ANDROMEDA study will further elucidate the 

role of daratumumab maintenance therapy as a more appropriate 

chemotherapy-free strategy, compared with ASCT, for patients who 

have not achieved complete eradication of clonal cells.

In the setting of relapse, the establishment of DARA-CyBorD as the 

mainstay of first-line treatment raises new questions about the 

management of relapsed or refractory AL amyloidosis patients. Today, 

many patients are still naïve to daratumumab. Thus, single-agent therapy 

or combination with low-dose lenalidomide should be considered. 

Overall, large prospective clinical trials with modern regimens and 

novel combinations are needed to address these new challenges. 

The management strategy should always be tailored according to 

risk stratification systems, organ involvement, clonal cell biology and 

haematological response. 

Conclusions
The overexpression of CD38 surface molecule has provided the rationale 

for using daratumumab in the treatment of patients with AL amyloidosis. 

The results of the ANDROMEDA study show that deep and durable 

haematological and organ responses are feasible with the addition of 

daratumumab to CyBorD and this led to the first approved treatment 

for the disease. Early diagnosis and immediate initiation of therapy are 

still the mainstay of AL amyloidosis management. The high efficacy and 

tolerability of daratumumab, even in high-risk populations, highlight a 

promising new era for the treatment of AL amyloidosis. q
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