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REVIEW

Clinical trials evaluating potential therapies for light chain (AL) amyloidosis
Eli Muchtar and Morie A. Gertz

Division of Hematology, Mayo Clinic, Rochester, MN, USA

ABSTRACT
Introduction: The field of systemic amyloidosis is experiencing major advances in diagnostic and
prognostic methods coupled with a growing availability in treatment options.
Areas covered: Treatment of AL amyloidosis traditionally targeted the clonal plasma cells, in order to
block further production of amyloidogenic light chains. Currently, a research focus is placed on
targeting the already formed amyloid deposits using monoclonal antibodies against epitopes on such
deposits. Encouraging results were obtained from the three investigated antibodies: NEOD001, 11-1F4
and anti-SAP, but further validation is required before these antibodies can be commercialized. In this
paper, we review the current active clinical research in AL amyloidosis, which includes the monoclonal
antibodies targeting amyloid deposits, daratumumab, Venetoclax, doxycycline, green tea, pomalido-
mide, carfilzomib and ixazomib.
Expert opinion: Monoclonal antibodies, targeting either the amyloid deposits or the plasma cell
compartment will likely be integrated into routine treatment practice given their encouraging results
and minimal toxicity in the fragile population of AL amyloidosis. Other therapeutic options hold
promise to the field as well, but toxicity will likely challenge their routine use. Early recognition remains
the best option for outcome enhancement.
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1. Introduction

Immunoglobulin light chain (AL) amyloidosis is a systemic
disease, characterized by deposition of fibrillary material
termed amyloid in body tissues (Figure 1). The amyloid depos-
its are composed of several proteins common to all deposits
but vary in the culprit subunit protein, which requires amyloid
typing [1]. In AL amyloidosis, the culprit protein is light chains,
immunoglobulin subunits, secreted by monoclonal plasma
cells in the bone marrow, usually of low proliferation rate.
Since these deposits are resistant to degradation, amyloid
deposits accumulate over time, leading to progressive organ
dysfunction. Cardiac amyloidosis is the most common organ
to be involved and is the leading cause of death, due to
electromechanical dissociation, lethal arrhythmia, or end-
stage heart failure [2]. Early death rate is high, reaching over
30% in the first 6 month from diagnosis for patients with
advanced disease [3].

One of the prominent challenges of this disease is early
recognition. Diagnosis is delayed due to the nonspecific symp-
toms associated with the disease [4]. The delay in diagnosis
results in progressive organ dysfunction and failure of deliver-
ing effective therapy due to frailty, organ impairment, and
poor treatment tolerance. In recent years, however, AL amy-
loidosis has witnessed significant improvements in screening
and diagnostic techniques which facilitate an earlier diagnosis.
The serum free light chain assay is a readily accessible test that
is able to detect small abnormalities in light chain production
in the majority of patients and serves as an excellent screening
test [5]. Another important advance is the introduction of

mass spectrometry analysis to accurately type the amyloido-
genic protein within the amyloid deposit [6]. Enhanced
response assessment using the serum free light chain assay
allowed for setting evidence-based treatment goals [7]. The
emergence of effective therapies for fit patients in the form of
autologous stem cell transplantation (ASCT) and standard regi-
mens for the sicker population is responsible for the signifi-
cant improvement in survival in the past 15 years [3].

Treatment options are still limited and often follow regi-
mens used for treatment of multiple myeloma (MM). MM and
AL amyloidosis only partially overlap and an effective treat-
ment in MM may not be as effective in AL amyloidosis due to
reduced tolerability or different disease biology.
Immunomodulatory drugs (IMiDs), excellent agents in MM,
are poorly tolerated in AL amyloidosis with suboptimal
responses [8]. Genetic abnormalities differ between the two
diseases and may impact response to therapy [9].

In this review, we will summarize the potential new treat-
ments for AL amyloidosis which currently are being investi-
gated in clinical trials. Currently ongoing trials are summarized
in Table 1. As understanding of the disease improves and with
the emergence of new therapies, this will result in a need to
optimize drug utilization while avoiding unwanted toxicities.

2. Potential therapies for light chain (AL)
amyloidosis

Schematic illustration of the options discussed in the section
below is depicted in Figure 2.
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2.1. Monoclonal antibodies targeting the amyloid
deposits

2.1.1. NEOD001
NEOD001 is an investigational humanized monoclonal antibody,
targeting two components of amyloid: soluble aggregates of cir-
culating amyloid and insoluble amyloid deposits [10]. The binding
of NEOD001 to amyloid neutralizes the soluble form and facilitates
the phagocytic clearance of the insoluble amyloid deposits
(Figure 3). NEOD001 was evaluated in a phase I/II trial [11].
Twenty-seven patients with prior anti-plasma cell treatment who
achieved at least partial response and had persistent organ dys-
function were enrolled to receive a monthly 1–2-h infusion of the
investigational antibody. There were no infusion-related reactions,
treatment-related serious adverse events, or drug discontinuation.
Cardiac and renal responses were seen in approximately 60% of

the evaluable patients. In the extension cohort of this study, a
peripheral neuropathy response was achieved in 82% of patients.

Currently, two trials are currently ongoing worldwide. The
first one is the PRONTO trial (NCT02632786), a phase 2b,
randomized, placebo-controlled trial in previously treated AL
amyloidosis and persistent cardiac dysfunction. One hundred
patients are planned to be enrolled into this trial and receive a
monthly infusion of NEOD001 24 mg/kg or placebo with the
primary objective being cardiac best response as measured by
NT-proBNP. The second study is the VITAL trial (NCT02312206),
a phase 3 study, which has a recruitment goal of 236 patients,
estimated to be reached in mid-2018. This randomized study
aims to evaluate the efficacy and safety of NEOD001 versus
placebo in the setting of standard chemotherapy in untreated
AL amyloidosis with cardiac involvement. All patients receive
bortezomib-based chemotherapy for duration at the discre-
tion of the treating physician. Patients receive monthly infu-
sion of the investigational antibody or placebo. The primary
outcome measure is time to composite of all-cause mortality
or cardiac hospitalization as well as secondary surrogate out-
comes such as change in the 6-min walk test (clinical
response), cardiac response, and renal response. An extension
phase is offered to all patients after 15 months on the trial, to
receive monthly NEOD001 infusions for up to additional
12 months (NCT02613182). The RAIN trial is a phase 2b study
expected to open during 2017. This trial will investigate the
use of NEOD001 in patients who achieved hematological
response with persistent renal impairment.

2.1.2. 11-1F4 monoclonal antibody
11-1F4 monoclonal antibody is a chimeric antibody, targeting
the misfolded light chains in the amyloid fibrils but does not

Article highlights

● AL amyloidosis has seen improvement in patient outcomes following
the recent introduction of novel therapies

● New therapies targeting the amyloidogenic plasma cells further
expand the armamentarium and should provide further improvement
in patient outcome

● Monoclonal antibodies targeting the amyloid deposits represent a
novel approach for AL amyloidosis management. These antibodies
demonstrated encouraging results in early phase clinical trials, and
may be incorporated into routine practice in the future, pending the
results of phase 2/3 trials.

● With the emergence of effective therapies, the importance of early
diagnosis cannot be overemphasized

This box summarizes key points contained in the article.

Figure 1. Congo-red stain of bone marrow biopsy (X1000). A deposition of fibrillary material in the walls of a blood vessel (BV) can be noted, demonstrating
apple-green birefringence under polarized light (arrows), a pathognomonic hallmark of amyloid deposits.
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Table 1. Summary of ongoing clinical trials in AL amyloidosis.

serial NCT number Trial design Trial arm(s)

Number of
planned

recruitment

Expected date for
primary outcome

analysis

Monoclonal antibodies
1 NCT02632786

(Pronto
trial)

Phase 2b, randomized,
double-blind, placebo-
controlled

NEOD001 compared to placebo in patients with AL amyloidosis who had
a hematologic response to previous treatment and have persistent
cardiac dysfunction

100 January 2018

2 NCT02312206
(VITAL trial)

Phase 3, randomized,
double-blind, placebo-
controlled

NEOD001 plus standard chemotherapy compared to placebo plus
standard chemotherapy in patients with newly diagnosed AL
amyloidosis

236 August 2018

3 NCT02245867 Phase 1, single-arm
study

To examine the tolerance, safety, pharmacokinetics, and clinical benefit
of 11-1F4 monoclonal antibody in subjects with previously treated AL
amyloidosis

42 September 2017

4 NCT03044353 Phase 2, open-label,
single-arm study

Three groups of cardiac amyloidosis patients, each receives monthly
infusion of anti-SAP monoclonal antibody:
Group 1: ATTR cardiac amyloidosis
Group 2: previously treated cardiac AL amyloidosis
Group 3: newly diagnosed cardiac AL amyloidosis receiving standard
chemotherapy

50 July 2020

5 NCT02816476 Phase 2, single-arm
study

Daratumumab for patients with AL amyloidosis who did not achieve a
VGPR or better to previous therapy

40 June 2018

6 NCT02841033 Phase 1/2 study, single
arm

Daratumumab for previously treated AL amyloidosis, requiring therapy 25 August 2018

Oral agents
7 NCT03000660 Phase 1, single-arm

study
Tolerability and safety of venetoclax (ABT-199) plus dexamethasone in

patients with relapsed/refractory AL amyloidosis
25 January 2019

8 NCT02207556 Phase 2, single-arm
study

Safety and efficacy of adding doxycycline (up to 12 months) to standard
therapy in patients with AL amyloidosis

30 September 2017

9 NCT02015312 Phase 2, single-arm
study

Efficacy and safety of EGCG in patients with cardiac AL amyloidosis 38 November 2017

10 NCT01659658 Phase 3, Randomized,
controlled, open-label

Ixazomib plus dexamethasone compared to five different oral regimens
in patients with relapsed/refractory AL amyloidosis who did not
receive prior proteasome inhibitor

248 September 2018

NCT: National clinical trial; VGPR: very goof partial response.

Figure 2. Schematic presentation of the therapeutic options under clinical investigation in AL amyloidosis. ASCT: Autologous stem cell transplantation;
BMDex: Bortezomib-melphalan-dexamethasone; MDex: Melphalan-dexamethasone; SAP: Serum amyloid P.
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react with the circulating, soluble free light chains. The antibody
was formed against a Κ4 light chain but is reactive against both
Κ and λ light chains, targeting a conformational epitope present
on both light chains within the amyloid deposits [12]. In a
mouse amyloidoma model, administration of 11-1F4 antibody
led to an inflammatory response, which resulted in an enhanced
phagocyte-mediated removal of the deposits [13].

11-1F4 chimeric antibody is now being investigated in
phase I/II clinical trial among relapsed refractory AL patients
with partial response or better to anti-plasma cell therapy
(NCT02245867). The phase I part was explored in two infusion
schedules: single infusion and 4 weekly infusions. Preliminary
results from the phase I trial with 19 patients are available.
Treatment was tolerated up to the maximal tested dose of
500 mg/m2, with no significant adverse events related to the
drug infusion. A rash developed in two patients, in one of
whom a skin biopsy from a lesion demonstrated unrecognized
skin amyloid deposits. There was a positive stain for the
infused antibody and an accompanying neutrophilic infiltrate.
Organ responses were seen in 63% of patients with single
antibody infusion and in 83% of patients in the 4 weekly
infusion schedule [14]. The study is in phase 2 recruitment as
of early 2017.

2.1.3. Serum amyloid P antibody
Serum amyloid P (SAP) is a glycoprotein that constitutes part
of all amyloid deposits of any origin and has a role as a deposit
stabilizer, providing resistance to proteolytic degradation. It is
an attractive target, as it binds to amyloid deposits regardless
of type. Its administration requires depleting circulating SAP
using an oral agent called CPHPC in order to prevent antibody
binding to serum SAP (CPHPC mediates cross-linking of SAP
molecules which facilitates their hepatic clearance [15]). The

antibody was tested in a mouse model and demonstrated a
phagocyte-mediated removal of amyloid visceral deposits [16].
A phase I trial using a single serum amyloid P antibody (anti-
SAP) infusion showed a reduction in amyloid deposits, mainly
hepatic, in those who received the higher antibody dose [17].
Cardiac amyloidosis patients, the most common and clinically
significant organ involved in AL amyloidosis, were excluded
from participation in this trial. A phase 2 study, not yet in a
recruitment phase, is planned to assess monthly infusion of
anti-SAP in three cohorts of cardiac amyloidosis patients:
transthyretin (ATTR) amyloidosis, previously treated AL amy-
loidosis, newly diagnosed AL amyloidosis in conjunction with
chemotherapy (NCT03044353).

2.2. Monoclonal antibody targeting the plasma cells:
daratumumab

Daratumumab is a humanized IgG-Κ monoclonal antibody
which targets CD38, a surface marker found on plasma cells. It
has single-agent activity in relapsed refractory myeloma [18–20]
and a synergistic effect in combination with proteasome inhibi-
tor [21] or with an IMiD [22,23]. Its toxicity profile is low, mainly
infusion reactions at initial administration. This agent should be
an attractive agent in AL amyloidosis, given its single-agent
activity and low toxicity profile [24]. The first report on daratu-
mumab use in AL amyloidosis included two myeloma patients
who developed extensive AL amyloidosis during the course of
their disease [25]. Daratumumab was infused at the prescribed
dose and schedule for myeloma and was able to achieve a rapid
normalization of the involved light chain. This is a remarkable
observation in these patients, given their lack of light chain
normalization with prior therapies, including proteasome inhi-
bitors, an IMiD, dexamethasone, and stem cell transplant.
Treatment was well tolerated without significant toxicities. Two
additional reports in abstract form are available, with 18 and 7
patients each. In the first report, daratumumab yielded a
response in 88% of patients, including deep response (≥very
goof partial response [VGPR] or complete response [CR]) in 41%
[26]. In a subset of 12 patients with amyloid cardiomyopathy in
that study, 83% achieved a response (60% VGPR/CR) and some
had a cardiac response [27]. In the second report, in which all
patients had prior ASCT, hematological response was achievable
in all patients (71% as deep response) [28]. Infusion reaction
occurred in most patients but mostly was mild in nature. These
data are encouraging and daratumumab is likely to have an
important role in the management of AL amyloidosis.
Currently, two phase 2 trials assessing daratumumab in AL
amyloidosis are being held in patients with previously treated
AL amyloidosis (NCT02816476, NCT02841033).

2.3. Venetoclax

Venetoclax is a selective small molecule BCL-2 inhibitor. It is
approved for progressive chronic lymphocytic leukemia with
deletion of chromosome 17p [29]. In MM, venetoclax has
shown encouraging single-agent activity in the relapsed
refractory setting, primarily for patients with translocation
(11;14) [30]. This drug is potentially a very attractive agent

Figure 3. Proposed mechanisms of action of NEOD001. (a). Neutralization of
circulating amyloid aggregates. (b). Facilitation of phagocytic clearance of
insoluble amyloid deposits.
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for AL amyloidosis, given its impressive single-agent activity in
myeloma with t(11;14). t(11;14) is seen in approximately half of
AL amyloidosis patients and as bortezomib and IMiDs have
inferior outcomes in AL amyloidosis with t(11;14) [9], veneto-
clax may bring a genetically tailored approach to the treat-
ment of AL amyloidosis. It is an oral medication, well tolerated
with a mild adverse events profile and no apparent cardiac
toxicity. This agent is currently being investigated in a phase I
trial in combination with dexamethasone for patients with
relapsed or refractory AL amyloidosis (NCT03000660).

2.4. Doxycycline

Doxycycline has been shown in vitro to inhibit the formation of
amyloid fibrils and to disaggregate formed fibrils by disrupting the
beta-pleated structure of the amyloid fibrils [31,32]. Two studies
have demonstrated a survival advantage for doxycycline in
patients with AL amyloidosis. The first study from the Mayo clinic
examined the survival in patients following stem cell transplanta-
tion based on biological randomization of the anti-infective pro-
phylaxis in the first year following ASCT [33]. Of 455 evaluated
patients, 77% received oral penicillin which is the standard of care
for antibacterial prophylaxis following ASCT at Mayo clinic while
23% received oral doxycycline as the prophylaxis agent due to a
history of penicillin allergy. Among patients who achieved hema-
tological response to ASCT, oral doxycycline was associated with a
longer overall survival (median not reached compared to
161 months, respectively; P = 0.04). The second study was a
case-control study involving AL amyloidosis patients who were
treated with standard chemotherapy [34]. Thirty patients treated
with doxycycline from the start of therapy were matched to
controls (n = 73) who did not receive doxycycline as part of their
management. All patients had cardiac amyloidosis and were
matched based on age, cardiac stage, N-terminal brain natriuretic
peptide (NT-proBNP), and light chain burden. Patients were trea-
ted with doxycycline 100 mg bid for a median duration of
6 months; 10% discontinued doxycycline for adverse events
(photosensitivity, nausea). Bortezomib was the initial regimen in
over 70% of patients. The response rate was significantly higher in
the doxycycline group compared to the control group (93% vs.
59%; P = 0.001), driven mainly by a higher CR rate (56% vs. 35%).
Cardiac response was seen in 60% of patients in the doxycycline
group compared to 18% in the control group. A survival advan-
tage was noted in the doxycycline group compared to the control
group (12-month survival 82% vs. 53%; P < 0.001). This study
suggests that doxycycline may reduce early mortality in the non-
transplant setting and enable more patients to achieve hemato-
logical and organ responsewith effective therapy, which translates
into survival benefit. Currently, two phase II trials for the evaluation
of doxycycline in AL amyloidosis are accruing in the USA
(NCT02207556, NCT01677286). The use of doxycycline should
await validation in a randomized trial. Doxycycline tolerability in
AL patients may be a major barrier given the side-effect profile of
this drug [35].

2.5. Green tea

The first description of the effect of green tea in AL amyloi-
dosis is a decade old. Daily consumption of green tea in large

volume (1.5–2 l daily) by an AL patient resulted in improved
cardiac functional parameters, a reduction of 4 mm in septal
thickness within 11 months and improved quality of life [36].
This initial observation was followed by a case-control study
with 11 cardiac AL patients who consumed green tea either by
drinking large volumes daily or by consuming commercially
available green tea extract capsules [37]. A functional class
improvement was noted in most patients as well as an aver-
age reduction of 2 mm in septal thickness and 24% reduction
in left ventricular mass over a 6-month period. Improvements
were not noted in 22 historical controls. Echocardiographic
changes can be observer dependent, while cardiac biomarkers
remained unchanged during follow-up period in both groups.
The active ingredient in green tea which is thought to exert its
beneficial effect in cardiac amyloidosis is epigallocatechin-gal-
late (EGCG). EGCG is a naturally derived phenol enriched in
green tea, which interferes in vitro with the aggregation of the
amyloidogenic proteins [38]. Recently, a phase 2 randomized
trial of 57 previously treated patients who required systemic
chemotherapy was reported [39]. The treatment arm received
green tea extract capsules three times daily (n = 36), while the
second arm was under observation without placebo (n = 21).
Both groups were given melphalan-based chemotherapy.
Blood concentrations of ECGC were higher in the treatment
arm than in the observation arm. Adverse events were higher
in the treatment arm and 4/36 patients discontinued the
investigational treatment due to adverse effects. One death
was noted in each arm. There was no difference in the depth
of the hematological response or in organ response para-
meters between the two arms. A single-center randomized
trial is underway to assess the significance of green tea extract
in the management of AL amyloidosis (NCT02015312).

2.6. Pomalidomide

Pomalidomide is an immunomodulatory (IMiD) agent, a deri-
vative of the parent drug thalidomide. It is an active agent in
MM, both in the relapsed refractory setting as well as in newly
diagnosed patients. It is active in the face of refractoriness to
thalidomide and lenalidomide [40]. IMiDs, however, are less
well-tolerated agents in AL amyloidosis. Given their poor tol-
erance, modest activity and its effect causing a rise in the
cardiac biomarker, NT-proBNP [8], resulted in the use of an
IMiD as first-line treatment in our institution of less than 10%
and declined with time [3]. However, the progressive nature of
AL amyloidosis and paucity of effective standard therapies has
led to the investigation of pomalidomide in previously treated
AL patients. The first trial included 33 patients, the majority of
which had cardiac involvement (82%) [41]. Patients were trea-
ted with pomalidomide 2 mg orally daily along with dexa-
methasone 40 mg orally once weekly. Treatment was until
progression, unacceptable toxicity, or death. The hematologi-
cal response rate was 48%. Time to response was close to
2 months and duration of response was 19 months. The
median OS was 27.9 months and 76% survived 1 year. Two
additional trials demonstrated comparable results [42,43].
These trials provide the feasibility of escalating the pomalido-
mide to 4 mg daily, although a third of the patients required
dose modification due to adverse events. Responses in
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patients with prior lenalidomide exposure were seen in all
trials. Two of the three trials reported that like other IMiDs,
pomalidomide is associated with paradoxical elevation in NT-
proBNP, which was not associated with worsening of cardiac
function or symptoms. The nature of this phenomenon is
unclear and unless associated with symptoms, other signs of
cardiac decompensation or concern for organ progression (i.e.
no hematological response seen) should not result in a change
in therapy.

One trial is currently assessing pomalidomide and dexa-
methasone as frontline therapy in AL amyloidosis. In our
experience, pomalidomide is more tolerable in AL amyloidosis
than other IMiDs, at the 2-mg daily dose.

2.7. Proteasome inhibitors

Plasma cells (PCs) recovered from AL patients showed a higher
sensitivity to proteasome inhibitors compared to PCs obtained
from myeloma patients [44]. This sensitivity is thought to be
induced by intracellular stressors imposed by the amyloido-
genic light chains. This in-vitro finding may explain the better
responses seen with bortezomib compared to other standard
chemotherapies in AL patients.

2.7.1. Bortezomib
Bortezomib, the first proteasome inhibitor in use, is the most
common agent used in the United States for newly diagnosed
AL amyloidosis patients ineligible for ASCT. Its current investi-
gation in AL amyloidosis is focused on its use as pre-ASCT
induction, in combination with high-dose melphalan during
ASCT and as consolidation following ASCT. Other proteasome
inhibitors have been introduced into the treatment schemes
in MM, namely carfilzomib and ixazomib. These agents are
evaluated for their safety and efficacy in AL amyloidosis.

2.7.2. Carfilzomib
Carfilzomib is second-generation proteasome inhibitor that has
been approved for relapsed/refractory MM since summer 2012.
It is given intravenously on two consecutive days, 3 out of 4-
week cycle. The drug is traditionally infused with pre- and post-
hydration to prevent renal toxicity [45]. This challenging sche-
dule and associated fluid infusion make carfilzomib a less attrac-
tive agent for AL amyloidosis compared with the parent drug
bortezomib. In addition, carfilzomib is associated with cardiac
toxicity in approximately 10% of myeloma patients [46,47].
Therefore, the risk of enhanced cardiac toxicity in AL patients
is a concern. Twenty-eight patients with a median of two prior
therapies were enrolled into a phase 1, dose-escalating trial [48].
The most commonly involved organs were renal (64%) and
heart (50%). The maximal tolerated dose was 20 mg/m2 on
days 1, 2 of cycle one followed by 36 mg/m2 for all remaining
doses (20/36 mg/m2 schedule), lower than the MTD in myeloma
patients (56 mg/m2) [45]. Cardiopulmonary toxicity was seen in
several patients: two patients experienced ventricular tachycar-
dia, one of whom required electrical shock; three patients with
decreased ejection fraction/congestive heart failure; three
patients with hypertension; one patient with hypotension and
one patient with hypoxemia. NT-proBNP increase meeting cri-
teria for organ progression occurred in 11/28 patients, although

differentiating toxicity from organ progression is challenging in
this setting. Hematological response was seen in over 50% of
patients (15/28), while 5 patients had organ responses. With a
median follow-up of 16 months, two patients died. A phase 2
study assessing carfilzomib and thalidomide in relapsed AL
amyloidosis is planned (NCT02545907).

2.7.3. Ixazomib
Ixazomib is a second-generation proteasome inhibitor. It is
given orally, once weekly for 3 weeks out of a 4-week cycle,
at a recommended dose of 4 mg weekly [49]. It is well toler-
ated with minimal toxicity. The drug was evaluated in 22 AL
patients with a median of three prior regimens [50]. Sixteen
patients had received prior bortezomib and six patients were
bortezomib naïve. Toxicity was manageable and there were no
reports of cardiorespiratory events. Deep hematological
responses (≥VGPR) occurred in 43% of patients and were
associated with cardiac response and longer progression-free
survival. An international phase 3 randomized study is under-
way, assessing ixazomib plus dexamethasone compared to
physician choice (from five various options) in patients with
relapsed/refractory AL amyloidosis not previously exposed to
proteasome inhibitors (NCT01659658).

3. Expert opinion

The field of AL amyloidosis is facing significant changes in diag-
nosis, prognostication, and treatment availability. Sensitivity of the
screening methods for AL amyloidosis increased with the emer-
gence of the serum free light chains assay, raising the possibility of
earlier diagnosis. Prognostic systemshavebeendeveloped [51–53]
and stringent eligibility criteria for stem cell transplant have
enhanced transplant outcome [54]. New anti-plasma cell agents
have been introduced in the past decade and broadened treat-
ment options beyond alkylators and glucocorticoids, which domi-
nated the amyloidosis landscape for close to 30 years (Figure 4)
[55]. Treatment toxicity in AL patients may differ from the toxicity
profile seen in MM. Outcome following ASCT in amyloidosis
patients is significantly better than transplant outcome in mye-
loma [56]. On the contrary, while IMiDs are excellent agents in
myeloma (mainly for lenalidomide and pomalidomide), they
achieve only modest benefits in AL amyloidosis. Therefore, a care-
ful and dedicated exploration of new treatments should always be
performed in an AL population, even after the drug has been
shown to be active and safe in myeloma patients.

Monoclonal antibodies are likely to become a key com-
ponent in the management of AL amyloidosis. Monoclonal
antibodies are safe, well tolerated with no cardiac toxicity, a
key factor in this disease. Daratumumab has a single-agent
activity and in our experience has produced remarkable
results in patients who were refractory to prior lines of
therapy. It is likely to be used in combination with other
agents, although it is unclear what the optimal combination
and whether daratumumab should become part of initial
therapy. Monoclonal antibodies targeting amyloid deposits
are showing promising results. The exact setting in which
these antibodies will be used is an important question. Data
come from patients who achieved hematological response
and had persistent organ dysfunction. The VITAL trial in
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which NEOD001 is given upfront with bortezomib-based
therapy and compared to placebo and bortezomib is likely
to provide the best data on the role of monoclonal antibo-
dies targeting amyloid deposits.

Ease of access to green tea and doxycycline is a barrier to
testing these agents in good-quality trials. We do not see the
available data as sufficient to recommend these agents. Patients
who use green tea should be advised on its potential negative
interaction with bortezomib in vitro [57] and those who use dox-
ycycline should be advised on photosensitivity and gastrointest-
inal disturbances associated with its use.

The new treatments developed for AL amyloidosis are
encouraging and we anticipate that outcomes for AL amyloido-
sis which improved in the past decade will continue to improve
in the coming years. With the ability to achieve deep hemato-
logical response in the majority of patients, a focus on enhan-
cing organ recovery is required. Monoclonal antibodies
targeting the amyloid deposits will likely play a major role.
However, early recognition remains the best way to reduce
morbidity, organ dysfunction, and death from the disease.

We consider autologous stem cell transplant as a major
treatment modality in this disease and it is likely to remain as
such for the coming years. ASCT provides the best long-term
disease control and longer survival for those who are candidates
for this intensive treatment (a third of the patients in our referral
population) [3]. Therefore, outside a clinical trial setting, our
recommendation for moving forward with ASCT (with or with-
out induction chemotherapy) for eligible patients has not chan-
ged. With stricter eligibility criteria, the transplant-related
mortality is 2% in our center [3], similar to the mortality rate in
the myeloma population. Therefore, ASCT is safe when per-
formed in specialized centers and produces the best long-term
outcome (4-year survival 91%). Currently, all investigated agents

have not reached a point of changing current standard treat-
ment for transplant-ineligible patients. Those patients should be
treated with bortezomib-based or melphalan-based treatment,
with the goal of achieving deep response (≥VGPR) in order to
maximize their organ function and prognosis.

In summary, AL amyloidosis is transforming from a disease
with limited treatment options and high morbidity and mor-
tality to a new era in which patients at different stages can be
offered effective therapies and experience improvement in
outcome. The rarity of the disease and its complexity should
favor evaluation and management at specialized centers. Early
diagnosis should remain an important goal to increase
chances of recovery and prolonged survival.
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