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Abstract: Systemic light-chain (AL) amyloidosis is caused by a small B cell, most commonly a plasma
cell (PC), clone that produces toxic light chains (LC) that cause organ dysfunction and deposits in
tissues. Due to the production of amyloidogenic, misfolded LC, AL PCs display peculiar biologic
features. The small, indolent plasma cell clone is an ideal target for anti-CD38 immunotherapy.
A recent phase III randomized study showed that in newly diagnosed patients, the addition of
daratumumab to the standard of care increased the rate and depth of the hematologic response and
granted more frequent organ responses. In the relapsed/refractory setting, daratumumab alone or
as part of combination regimens gave very promising results. It is likely that daratumumab-based
regimens will become new standards of care in AL amyloidosis. Another anti-CD38 monoclonal
antibody, isatuximab, is at an earlier stage of development as a treatment for AL amyloidosis. The
ability to target CD38 on the amyloid PC offers new powerful tools to treat AL amyloidosis. Future
studies should define the preferable agents to combine with daratumumab upfront and in the rescue
setting and assess the role of maintenance. In this review, we summarize the rationale for using
anti-CD38 antibodies in the treatment of AL amyloidosis.
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1. Introduction

Light-chain (AL) amyloidosis is caused by a small B cell clone producing an im-
munoglobulin light chain that causes target organ toxicity and deposits in tissues in the
form of amyloid fibrils [1]. The clinical presentation and outcome of AL amyloidosis
are determined by organ involvement [2]. The most commonly involved organs are the
heart and kidneys, and patients often present with heart failure and nephrotic syndrome.
Patients with advanced cardiac amyloidosis are at the highest risk of early death, with
a median survival of a few months. The liver and peripheral and autonomic nervous
systems can also be involved, resulting in cholestasis, peripheral neuropathy, hypotension,
and diarrhea or constipations. This makes AL amyloidosis a hematologic malignancy
associated with significant multiorgan dysfunction and patient frailty, resulting in specific
difficulties, and requiring caution in treatment delivery. Thus, the treatment strategy needs
to be risk-adapted based on the severity of organ dysfunction, age, and comorbidities [3].

The current treatment of AL amyloidosis targets the underlying clonal disease to
reduce the supply of the amyloid light chain [3]. Other approaches targeting the amy-
loid deposits are under investigation [4]. It is largely recognized that rapid and deep
reductions in the circulating amyloid light chains are key to improve organ dysfunction
and extend survival [5]. This is true also in high-risk patients [6]. Thus, treatment of AL

Cells 2021, 10, 545. https://doi.org/10.3390/cells10030545 https://www.mdpi.com/journal/cells

https://www.mdpi.com/journal/cells
https://www.mdpi.com
https://orcid.org/0000-0001-7680-3254
https://doi.org/10.3390/cells10030545
https://doi.org/10.3390/cells10030545
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/cells10030545
https://www.mdpi.com/journal/cells
https://www.mdpi.com/article/10.3390/cells10030545?type=check_update&version=2


Cells 2021, 10, 545 2 of 11

amyloidosis needs to be response-adapted, and patients should be followed closely during
chemotherapy, in order to detect early those who fail to reach a satisfactory hematologic
response and promptly start a rescue therapy. Response criteria based on serum and urine
immunofixation and measurement of circulating free light chains have been validated
based on survival outcomes [7–9].

2. The Amyloid Clone

In the vast majority of cases, the amyloid clone is composed of plasma cells (PCs),
and agents and regimens used in multiple myeloma are also employed in AL amyloidosis.
In a smaller subset of patients, the amyloid clone has the characteristics of a marginal
zone lymphoma or a lymphoplasmacytic clone [10–12]. The amyloid plasma cell clone
is smaller than that of multiple myeloma [1,13], with a median bone marrow infiltrate of
only 10%. Amyloidogenic PCs display phenotypic and copy number alteration profiles
similar to multiple myeloma (MM), but their transcriptome is remarkably similar to that of
normal PCs [14,15]. The amyloid clone resembles monoclonal gammopathy of unknown
significance (MGUS) in terms of copy number changes and driver gene mutations and
lies within the continuous spectrum from MGUS to MM [16]. In addition, whole genome
sequencing data revealed a lower mutation burden compared to myeloma clones, reflecting
a stable genetic status of the disease from a mutational perspective [17]. Previous genome-
wide association studies (GWASs) have identified specific loci for MM and six of these
were related to AL amyloidosis. In addition, four single-nucleotide polymorphisms (SNPs),
not related to MM, were significantly found [18]. It was reported that the cyclin D1 locus
appeared as a more prominent driver for AL amyloidosis patients compared to MM and
MGUS patients and it could offer possible new therapeutic targets [19].

This small clone is striving to counteract the intrinsic cellular stress produced by
misfolded light chains. It has been shown that amyloidogenic light chain (LC) production
is associated with distinctive organellar feature and expression patterns indicative of
cellular stress [20]. These consisted of an expanded endoplasmic reticulum, perinuclear
mitochondria, and a higher abundance of stress-related transcripts and were consistent with
reduced autophagic control of organelle homeostasis. Therefore, the amyloid plasma cells
rely on proteasome activity to control the toxicity of the light chain they produce [20]. This
makes the amyloid clone particularly sensitive to proteasome inhibition, and bortezomib is
now largely used in the upfront therapy of patients with AL amyloidosis [3]. However,
recent studies showed that the most common (>50% of patients) chromosomal abnormality
found in the amyloid plasma cell clone, t(11;14), is associated with less frequent and less
deep hematologic responses and shorter survival when bortezomib is used in combination
with dexamethasone and/or cyclophosphamide [21–25]. Novel agents with different
mechanisms of action are necessary to improve the therapy outcome. The reduced size
of the amyloid clone makes it an ideal target of immunotherapies directed to the plasma
cells. As expected, amyloidogenic plasma cells express on the surface CD38, a type
2 transmembrane ectoenzyme, whose molecular, structural, and functional features are
exhaustively described in [26]. CD38 is a multifunctional protein that acts as both a receptor
and an ectoenzyme, involved in cellular and tissue NAD+ homeostasis, and also in the
generation of the second messengers adenosine diphosphoribose (ADPR) and cyclic-ADPR
(cADPR) that are essential for intracellular calcium signaling. Furthermore, the initial
disassembly of NAD+ is also followed by adenosinergic activity, if CD38 is operating in
the presence of CD203a and CD73 nucleotidases. Signaling adenosine is tolerogenic in the
MM niche, contributing to the immunosurveillance escape of myeloma cells [27]. This is
clinically relevant since the anti-CD38 antibody isatuximab inhibits the enzymatic activity
of CD38 [28].

Higher CD38 expression in AL amyloidosis is associated with the worst event-free
survival probably because it is associated with more severe cardiac involvement, as shown
by higher serum NT-proBNP concentrations [29].
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3. Daratumumab

The first anti-CD38 monoclonal antibody becoming available in multiple myeloma
was daratumumab, and in a couple of years, a few prospective trials and many retro-
spective studies assessed its role also in AL amyloidosis. Daratumumab is a fully human
IgG1κ monoclonal antibody directed against CD38 that acts both as a PC-depleting agent
and as an immuno-modulator [30]. Engagement of CD38 leads to apoptosis of plasma
cells through Fc-mediated cross-linking, and immune-mediated tumor cell lysis through
complement- and antibody-dependent cytotoxicity and phagocytosis. Daratumumab
works not only on the tumor target, but also on the immune effectors, eliminating immuno-
suppressive populations such as T regulatory lymphocytes, B regulatory lymphocytes,
and myeloid-derived suppressor cells, while T cell populations are increased [31]. Daratu-
mumab targeting of CD38+ NK cells may play a pivotal role in initiating a Th1-mediated
immune response, which can be an essential component in mounting a powerful anti-
CD38 immune response against myeloma cells [32]. Furthermore, daratumumab induces a
redistribution of CD38, together with morphological modifications, leading to release of
antibody-covered microvesicles which are selectively captured and internalized by cells
expressing Fc receptors (FcRs), such as monocytes, myeloid-derived suppressor cells, and
NK cells, modulating their activity. The possibility that such microvesicles may interact
with dendritic cells producing vaccination-related effects, as reported with isatuximab [33],
is under investigation.

4. In Vivo Applications

Daratumumab is labeled for the treatment of newly diagnosed and relapsed refrac-
tory MM patients and is available for both intravenous and subcutaneous injections. On
15 January 2021, the US Food and Drug Administration (FDA) granted accelerated ap-
proval to daratumumab and hyaluronidase-fihj in combination with bortezomib, cyclophos-
phamide, and dexamethasone (DARA-CyBorD) for the treatment of newly diagnosed adult
patients with light-chain (AL) amyloidosis [34].

4.1. Daratumumab in the First-Line Treatment of Patients with AL Amyloidosis

The role of daratumumab in upfront treatment of patients with AL amyloidosis was ex-
plored in the recently completed randomized phase III ANDROMEDA trial (NCT03201965).
The randomized part of this trial was preceded by a safety run-in study to assess the tol-
erability of the addition of subcutaneous daratumumab to CyBorD [35]. The treatment
schedule of daratumumab-CyBorD is reported in Figure 1. The safety run-in study included
28 patients, 27 of whom attained a hematologic response (96%), which was very good
partial response (VGPR) or complete response (CR) in 82% of the cases [35]. Remarkably,
the time to first hematologic response (median 9 days) and to deep response (median
19 days) was exceptionally short. Such a rapid response is very relevant for patients with
AL amyloidosis who need a rapid reduction in the toxic light chain to improve target
organ dysfunction and extend survival [2]. The rate of organ response was also very high,
with improvement of cardiac and renal involvement in 53% and 83% of patients, respec-
tively [35]. These very promising results were confirmed in the larger randomized portion
of the ANDROMEDA study [36]. A total of 388 patients were randomized to receive
daratumumab-CyBorD (195 subjects) or CyBorD alone (193 subjects). Importantly, in the
CyBorD arm, treatment was discontinued after six cycles, whereas, in the experimental
arm, after six courses of daratumumab-CyBorD, daratumumab alone was administered
monthly for 2 years or until progression. Second-line therapy was initiated in 42% of
patients in the CyBorD arm and in 10% of subjects in the daratumumab-CyBorD arm.
Patients with advanced cardiac involvement were excluded from this trial. The overall
hematologic response rate (92% vs. 77%), as well as the rate of VGPR/CR (79% vs. 49%),
was higher in the daratumumab arm. Moreover, rates of cardiac and renal responses at
6 months were significantly higher with daratumumab-CyBorD (42% vs. 22% and 54% vs.
27%, respectively). In addition, in the ANDROMEDA trial, a novel time-to-event endpoint,
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major organ deterioration progression-free survival (MOD PFS), defined as the time to
end-stage cardiac or renal disease or death or hematologic progression, was used to assess
treatment efficacy. When considering PFS, one should keep in mind that currently in AL
amyloidosis, we lack validated criteria for hematologic progression which are based on
a consensus statement [37]. In the ANDROMEDA study, earlier and deeper hematologic
responses were associated with prolonged MOD PFS [38,39], and MOD PFS was longer
with daratumumab-CyBorD than CyBorD alone. With a median follow-up of 11 months,
MOD PFS is mainly driven by hematologic progression and a longer observation will be
needed to assess the impact of the addition of daratumumab and of maintenance therapy
on time-to-event endpoints.

Figure 1. ANDROMEDA study design. Legend: CyBorD, cyclophosphamide, bortezomib, and dexamethasone; DARA,
daratumumab; eGFR, estimated glomerular filtration rate; IV, intravenous; QW, weekly; Q2W, twice weekly; Q4W, every
4 weeks; MOD-PFS, major organ deterioration progression-free survival; PO, per os; SC, subcutaneous. Patients received
dexamethasone 20 mg on the day of DARA SC dosing and 20 mg on the day after DARA dosing.

Hematologic and organ responses are very strong predictors of overall survival
in AL amyloidosis, and these unprecedentedly high response rates strongly support
daratumumab-CyBorD as a novel standard of care for upfront treatment of patients with
this disease [3]. Moreover, the very short time to deep hematologic response makes daratu-
mumab an appealing option for patients with advanced disease, and a phase II study of
single-agent subcutaneous daratumumab in this setting is underway (NCT04131309).

4.2. Daratumumab in the Treatment of Relapsed/Refractory Patients with AL Amyloidosis

Two phase II clinical trials evaluated daratumumab as a rescue therapy for pa-
tients with AL amyloidosis [40,41]. Moreover, once daratumumab became available
for multiple myeloma, many relapsed/refractory patients with AL amyloidosis had ac-
cess to this drug as well, and almost 20 case reports and retrospective series were pub-
lished in 4 years [42–60]. Differently from the frontline trial that evaluated subcutaneous
daratumumab, the intravenous drug was employed in these studies. Figure 2 summa-
rizes the response rates with daratumumab combinations in published patients with
relapsed/refractory AL amyloidosis and Table 1 reports a comparison of the published
retrospective series.

In a phase II prospective trial, Sanchorawala et al. treated 22 patients with previously
treated AL amyloidosis with single-agent daratumumab [40]. Overall, 96% of patients
attained a hematologic response, which was VGPR or CR in 86% of patients. Remarkably, in
three patients, minimal residual disease was not detectable by multiparameter flow cytom-
etry. Cardiac and renal responses were observed in 50% and 67% of patients. In a European
phase II trial, Roussel et al. offered single-agent daratumumab to 40 relapsed/refractory
patients [41]. Fifty-five percent of patients reached a hematologic response, which was
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VGPR in at least 48% of cases. Cardiac and renal responses were obtained in 25% and 31%
of patients, respectively.

Figure 2. Overall response rate of the retrospective studies on daratumumab in light-chain (AL) amyloidosis. Legend: CR,
complete response; PR, partial response; VGPR, very good partial response.

Table 1. Comparison of retrospective studies of daratumumab therapy in AL amyloidosis (only studies including
≥ 10 patients are reported).

Reference

Treatment Regimen,
Number of

Evaluable Patients
(% of the Total)

N. of Previous Lines
of Therapy, Median

(Range)

Hematologic
Response,

% (CR, VGPR)
Organ Response

Khouri et al. [45] Mono, 15 (100) 3 (1–10) 86 (33/53) NA

Abeykoon et al. [46] Mono, 14 (46)
Combo, 16 (54) 3 (1–8) 78 (14/64)

88 (19/63)
Cardiac 44%
Renal 27%

Schwotzer et al. [51] Mono, 10 (100) 3 (1–5) 90 (40/30) Cardia 50%

Godara et al. [53] Mono, 10 (53)
Combo, 9 (47) * 1 (1–5) [80, CR+VGPR]

[100, CR+VGPR]
Cardiac 78%
Renal 66%

Chung et al. [54] Mono, 52 (100) 2 (1–3) 77 (40/30) Cardiac 55%
Renal 52%

Lecumberri et al. [55] Mono, 36 (100) 2 (1–8) 72 (28/36) Cardiac 37%
Renal 59%

Kimmich et al. [56] ** Mono, 92 (55)
Combo, 53 (45) 2 (1–7) 64 (8/47)

66 (11/54)
Cardiac 22%, Renal 24%
Cardiac 28%, Renal 27%

Milani et al. [57] Mono, 47 (65)
Combo, 25 (35) 2 (1–9) 80 (29/29)

88 (18/28)
Cardiac 29%
Renal 60%

Cohen et al. [58] Mono, 50 (100) 3 (1–4) 84 (38/28) Cardiac 74%
Renal 73%

Shragai et al. [60] Mono, 19 (38)
Combo, 29 (62) 1 (1–6) 81 (≥VGPR 64) Cardiac 74%

Renal 73%

* Nine patients were treated with MoAb NEOD001. ** Kimmich et al. reported proportion of organ responders over time, rather than
response at any time after daratumumab. Mono, daratumumab monotherapy; Combo, daratumumab combinations with lenalidomide or
bortezomib; CR, complete response; NA, not available; VGPR, very good partial response; “Cardiac” response, according to Palladini et al.
[7]; “Renal” response, according to Palladini et al. [8].
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Retrospective studies of daratumumab in relapsed/refractory patients with AL amy-
loidosis also addressed daratumumab-based combinations. The two largest studies were
published by the Heidelberg [56] and Pavia [57] referral centers. Kimmich et al. reported
168 consecutive patients treated with daratumumab and dexamethasone (106) or dara-
tumumab, bortezomib, and dexamethasone (62) [56]. The overall hematologic response
rate (64% and 66%) and VGPR/CR rate (48% and 55%) were similar with and without
the addition of bortezomib, as well as the cardiac response (22% and 26%). Remarkably,
t(11;14) was associated with a longer PFS in this series, whereas high differential FLC
levels (>180 mg/L) and nephrotic range proteinuria were associated with poorer PFS. The
authors speculated that the latter observation might be due to urinary loss of the mono-
clonal antibody, and this hypothesis deserves further investigation. Milani and coworkers
reported 72 patients with relapsed/refractory AL amyloidosis and a baseline bone marrow
plasma cell infiltrate of >10% treated with daratumumab single agent (47) or combined
with bortezomib (14) or lenalidomide (11) [57]. The overall hematologic response rate was
83% (VGPR/CR 59%) and cardiac and renal responses were attained in 29% and 60% of
patients, respectively. No difference was observed in overall (81% and 88%) and deep (59%
and 60%) hematologic response rates between patients treated with daratumumab single
agent and those who received daratumumab combinations.

Overall, the published trials and retrospective series indicated that daratumumab is
highly effective also in relapsed/refractory patients with AL amyloidosis, with apparently
no remarkable differences between single-agent and combination therapies.

4.3. Tolerability of Daratumumab in AL Amyloidosis

Our review of safety data of daratumumab in AL amyloidosis is based on prospec-
tive studies, due to possible underreporting of adverse events in retrospective series.
Chemotherapy safety is an especially relevant issue in systemic AL amyloidosis because
the hematologic malignancy needs to be effectively and rapidly targeted in patients with
often severe amyloid-related multiorgan dysfunction and damage.

In the two phase II clinical trials in relapsed refractory patients, single-agent dara-
tumumab was administered intravenously at the dosage of 16 mg/kg. In the study by
Sanchorawala et al., grade 3 or 4 adverse events were observed in 91% of patients who
received a median of 31 infusions [40]. The most common toxicities of any grade were
respiratory illness (59%), iron deficiency (40%), infusion-related reaction (23%), atrial fibril-
lation (grade 3 or 4, 18%), and lymphopenia (14%) [40]. Only one patient stopped therapy
due to a severe adverse event. A rigorous administration of pre- and post-infusion medica-
tion resulted in more manageable infusion-related reactions [40]. Roussel et al. reported
grade 3 or 4 adverse events in 33% of patients who were treated for a median of 6 months
(corresponding to 16 infusions) [41]. Overall, the most common adverse reactions of any
grade were infections (55%), gastrointestinal disorders (42%), respiratory disorders (30%),
fatigue (25%), and infusion-related reactions (13%) [41]. Remarkably, patients with cardiac
involvement were able to tolerate intravenous infusions of daratumumab in this study [41].
The subcutaneous administration of daratumumab is expected to be associated with less
frequent and less severe toxicity. In the ANDROMEDA phase III trial [36], grade 3 or 4
adverse events were reported in 43% of patients, and the most common adverse reactions
of any grade were diarrhea (68%), fatigue (54%), peripheral edema (50%), upper respiratory
tract infections (39%), and pneumonia (11%). In general, daratumumab-related toxicity is
manageable in patients with AL amyloidosis, and administration of the monoclonal anti-
body is also feasible even intravenously in patients with cardiac involvement. Respiratory
infections emerge as a common toxicity of this agent in AL amyloidosis, which should be
particularly considered in fragile subjects and in those receiving prolonged treatment.

5. Conclusions and Perspectives

Targeting CD38 on plasma cells emerges as a new additional option in the treatment
of AL amyloidosis. Daratumumab grants unprecedented high hematologic response rates
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both in combination with CyBorD in the upfront setting and as a rescue agent alone or
in combination with bortezomib and lenalidomide. The recently completed randomized
phase III ANDROMEDA trial has set daratumumab-bortezomib combinations as the new
standard of care in AL amyloidosis. Moreover, while accessibility of daratumumab in-
creases, many more daratumumab-naïve patients will receive this antibody as a rescue
treatment. In the meantime, other CD38-targeting strategies are being tested in AL amy-
loidosis. For instance, the early results of a phase II trial (NCT03499808) of isatuximab
(an IgG1κ chimeric monoclonal anti-CD38 antibody) in AL amyloidosis were presented at
the 2020 meeting of the American Society of Hematology [61]. In 35 relapsed/refractory
patients, isatuximab achieved an overall hematologic response rate of 77%, with 57% VGPR
or better. Median time to a partial response (PR) or better was 1.1 months. One-year
estimated PFS was 84%. lsatuximab treatment was well tolerated, and the most common
grade ≥ 3 treatment-related adverse events (AEs) were lymphopenia in three patients (9%),
lung infection in two patients (6%), and an infusion-related reaction in one patient (3%).

While the advent of daratumumab and possibly other CD38-targeting approaches
will rapidly change the management of AL amyloidosis, the availability of this powerful
agent is opening new challenges.

(1) In the relapsed/refractory setting, the efficacy of single-agent daratumumab does
not appear to be lower than that of daratumumab combinations. However, it is not
clear whether this also applies to treatment-naïve patients in the upfront setting when
response rates have the greatest impact on survival. At present, we have no data to
allow abandoning bortezomib in this setting in the general population, but single-
agent daratumumab can be an appealing option in subjects with contraindications to
bortezomib, such as peripheral neuropathy.

(2) Is maintenance with daratumumab needed in subjects who respond to daratumumab-
CyBorD? In general, there are no data to support maintenance treatment in AL
amyloidosis. This can be reasonable in patients who fulfil the criteria for multiple
myeloma. However, unfortunately, the ANDROMEDA study was not designed to
answer this question because all the patients enrolled in the daratumumab-CyBorD
arm received maintenance with single-agent daratumumab.

(3) How should we treat patients who relapse after upfront daratumumab? If relapse
occurs at a reasonable time after daratumumab discontinuation, rechallenge with the
monoclonal antibody might be an option. Belantamab mafodotin is a first-in-class,
BCMA-targeted antibody-drug conjugate that showed efficacy in myeloma patients
relapsed/refractory to anti-CD38 antibodies [62]. A study of belantamab mafodotin
in patients with relapsed or refractory AL amyloidosis (EMN27) is planned to start in
2021 (NCT04617925).

(4) Another rescue therapy in the future could be represented by the applicability of
chimeric antigen receptor T cell (CAR-T) immunotherapies that have shown inter-
esting results in relapsed/refractory MM. The feasibility of this novel treatment
strategy in AL amyloidosis is already under evaluation and needs further investiga-
tions [63,64].

While the first phase III trials have just been completed in AL amyloidosis, we are
understanding that our increased knowledge and our improved ability to treat patients are
disclosing new needs and asking new complex questions that will require even larger trials.
New studies are needed to address these relevant questions, and collaboration between
academia and pharmaceutical industries will be necessary to design future trials.
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