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AL amyloidosis: an overview
on diagnosis, staging
system, and treatment
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Interna, Ospedale E. Profili, Fabriano, Italy

Systemic light-chain (AL) amyloidosis is a monoclonal plasma cell disease
characterized by the deposition of amyloidogenic monoclonal light-chain
fragments in organs, causing their dysfunction. Clinical manifestations could be
very aspecific, but the most frequent ones are proteinuria with or without renal
failure or heart failure, with the kidney and the heart being the first two involved
organs. Histological diagnosis with Congo red staining is the gold standard, but
typing the amyloid with immunohistochemistry or mass spectrometry of the
Congo red positive tissue is necessary to establish if an AL or ATTR amyloidosis
could be diagnosed. Staging AL amyloidosis before treatment could help
physicians to prognosticate the disease. Recently, staging systems were set
separately for different involved organs, using biomarkers. Autologous stem
cell transplant after a daratumumab-based induction treatment is the
cornerstone of therapy in younger and fit patients, with the goal of reaching a
deep and rapid disease hematological and organ response. Novel therapies,
borrowed from a therapeutical model of multiple myeloma, are studied to
optimize AL amyloidosis outcomes. In this review, we make an overview of
diagnostic procedures, staging system, and therapies of AL amyloidosis.
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1 Introduction

AL amyloidosis, also called “primary” amyloidosis, is the most common form of
systemic amyloidosis, affecting approximately 10 per million per year (1). AL amyloidosis is
characterized by a clonal expansion of either differentiated plasma cells or, less frequently,
mature B cells, leading to the production of immunoglobulin free light chains (FLCs), or a
fragment, which are excessively secreted (2). Of the two classes of light chains, k and A, each
consisting of an N-terminal variable Ig domain attached to a C-terminal constant Ig
domain, A light chains are twice as likely to cause systemic AL amyloidosis (3). However,
the mechanism that leads to fibril formation in AL amyloidosis is still poorly understood as
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excess FLC production is also observed in monoclonal gammopathy
of undetermined significance (MGUS), multiple myeloma (MM),
and Waldenstrom macroglobulinemia, with only a fraction of FLCs
capable of forming amyloid deposits in vivo (4). The diagnosis of AL
amyloidosis involves establishing the presence of monoclonal
protein, which is often a small clone (<10%) that can cause organ
damage by organ deposition of light chains. MGUS is often
incidentally detected on workup for other conditions and
prevalence increases with age. Its incidence is reported to be 3.2%
for individuals who are more than 50 years old, increasing to 5.3%
in those 70 years or older (5, 6). DNA sequencing studies have
shown germline gene mutations on the variable A region that reduce
the thermodynamic stability of the protein and could account for
the propensity of A light chains to form amyloid deposits. More
specifically, only a small fraction of the 29-30 functional V A
segments contributed significantly to the development of
amyloidosis, with just five segments (IGLV1-44, 2-14, 3-21, 3-1,
and 6-57) being collectively responsible for approximately 70% of
the cases in AL amyloidosis, with the expression of the IGVL1-44
gene increasing five times the odds of developing cardiac
amyloidosis (7). Amyloidogenic light chains are also more likely
to undergo endoproteolysis, resulting in the release of
amyloidogenic light-chain fragments prone to improper
aggregation (8). These light-chain fragments then aggregate and
get tangled into amyloid fibrils that deposit in end organs, usually
the kidney, heart, gastrointestinal tract, liver, and peripheral
nervous system, leading to organ dysfunction (9). A few cases of
concomitant AL and ATTR amyloidosis that arise from
independent pathological mechanisms are described in the
literature. However, the existence of one does not exclude the
existence of the other, thus needing great expertise in
the diagnostic process (10-12).

2 Diagnosis

The symptoms of amyloidosis can vary greatly, depending on the
organs involved in the disease, hence, the patient can present with
various unspecific symptoms that could be misinterpreted, thus
delaying the diagnosis; a survey showed that 40% of patients with
AL amyloidosis remain undiagnosed 1 year after the onset of
symptoms (13). AL amyloidosis can clinically start with
constitutional symptoms, such as fatigue or weight loss/gain. Based
on the specific organ involved, clinical presentation could certainly
vary. Cardiac amyloidosis can cause arrhythmias, heart failure with
volume overload, dyspnea, fatigue, orthopnea, elevated troponins,
and even sudden cardiac death. Peripheral edema, nephrotic
syndrome, uremia-related encephalopathy, or thrombosis could be
clinical manifestations of renal AL amyloidosis. Less frequent clinical
manifestations could be orthostatic hypotension, lightheadedness,
bladder/bowel dysfunction, gastroparesis (nerve involvement),
macroglossia, hoarseness, periorbital purpura, bilateral carpal
tunnel syndrome, or obstructive sleep apnea (soft tissue
involvement). Gastrointestinal tract involvement could start with
low appetite, bloating, malabsorption, diarrhea or constipation,
dyspepsia, nausea and emesis, and bleeding. Jaundice, ascites,
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hepatic rupture, portal hypertension, or, rarely, Budd-Chiari
syndrome could be clinical manifestations of hepatic AL
amyloidosis. Pulmonary involvement could manifest with cough or
dyspnea (14). By the time the patient develops these symptoms, organ
damage has already occurred and is often irreversible. However, as
cardiac and renal amyloidosis can be detected by performing NT-
proBNP and albuminuria and a monoclonal component can be
detected at least 4 years before diagnosis, it is essential for
hematologists to screen for patients with amyloidosis presenting
with MGUS by adding NT-proBNP and 24-h proteinuria to the
routine panel (6). Recently, owing to the increase in aging of the
population, ATTRwt (wild-type transthyretin) amyloidosis is
becoming more prevalent and is predicted to become the most
common form of amyloidosis in the following years. This form is
caused by protein oxidative modifications and failures in the repair
mechanisms leading to native TTR dissociation and aggregation into
fibrils that deposit in end organs, especially the heart (15). It is
therefore crucial to differentiate between ATTR amyloidosis (either
wild type or its inherited, autosomal dominant, variant version)
and AL amyloidosis with only cardiac involvement. Thus,
when suspecting cardiac amyloidosis by either a suggestive
echocardiogram, EKG, or cardiac magnetic resonance, it is
important to evaluate the presence of monoclonal proteins (by
either an abnormal serum-free light-chain ratio, positive serum or
urine immunofixation, and electrophoresis). If a monoclonal protein
is detected, the patient must undergo a tissue biopsy of either the
heart or the fat pad, as histological diagnosis remains the gold
standard for amyloidosis, with Congo red staining binding to the
amyloid fibrils that appear with characteristic apple-green
birefringence under polarized light microscopy. However, a positive
biopsy does not differentiate between the different types of
amyloidosis and subsequently subtyping of amyloid fibrils must be
performed by immunohistochemistry or mass spectroscopy (16). If
the monoclonal component is absent but the patient has a suggestive
history and imaging, a bone scintigraphy can be carried out and, if
positive [with a grade >2 myocardial uptake (Perugini score) of
99mTc-PYP, DPD, and HDP], the patient can be diagnosed with
ATTR cardiac amyloidosis, thus avoiding endomyocardial biopsy.
Patients with AL amyloidosis can also rarely have a cardiac positivity
on technetium scintigraphy (17), often correlating with poor
outcomes. Genetic testing should be performed to differentiate
ATTRm from ATTRwt causes of ATTR-CM (9). It is really
important to consider other causes of infiltrative cardiomyopathy,
such as sarcoidosis, hemochromatosis, post-radiation fibrosis, Loffler
syndrome, or endocardial fibroelastosis, to make an accurate
differential diagnosis. In some cases, the detection of the clone
could be very difficult. Studies of novel tools, such as mass
spectrometry (MS) on serum and next-generation flow cytometry
analysis of the bone marrow, are ongoing to validate methods to
better detect plasma cell clones (18, 19).

3 Staging

Once the diagnosis of AL amyloidosis is established, the extent
of the organ damage must be assessed and the physician has to stage
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the disease. The Mayo Clinic group first established a simple and
reliable staging system in 2004 that stratifies the disease into one of
three stages according to the troponin T (TnT) and NT-proBNP
values, with the specified thresholds of TnT < 0.035 pg/L and
NTproBNP < 332 ng/L. The disease was classified as stage I, II, or III
if TnT and NT-proBNP were both low, only one was high, or both
were elevated, respectively (20).

In 2015, a European group proposed a modification of the Mayo
2004 model, to better discriminate very-high-risk patients, dividing
stage IIT into two subgroups—IIla and ITIb—according to the NT-
proBNP threshold of 8,500 pg/mL (21). The Mayo model was
revised in 2012, incorporating different thresholds for TnT and NT-
proBNP and including difference in FLC (dFLC) as an additional
marker for disease burden. One point was attributed to TnT > 0.025
ng/mL, NT-proBNP > 1,800 pg/mL, and dFLC > 180 mg/L, thus
stratifying the disease into stages I-IV, respectively (22). Recently,
the Boston University has offered a new staging system using BNP
(with a threshold > 81 pg/mL) instead of NTpro BNP, allowing for
centers without access to NT-proBNP or TnT to accurately stage AL
amyloidosis. Three stages were thus developed based on a BNP > 81
pg/mL and troponin I (TnI) > 0.1 ng/mL, whereby the disease was
classified into stages I, II, and III when both markers were lower
than prespecified thresholds, only one was elevated, or both were
elevated, respectively, with stage III further divided into IIla and
IIIb depending on BNP below or above 700 pg/mL (23) The staging
systems are summarized in Table 1.

4 Response assessment

Attaining optimum depth and speed of disease response being
the goal of treatment, the evaluation of response has a crucial role in
the patient’s journey. In 2012, Palladini et al. gathered data from
816 patients in both Europe and the United States and identified
and validated with criteria both hematological and cardiac
responses to first-line treatment in AL amyloidosis, based on their
association with survival and as a surrogate for endpoint in clinical
trials. Four hematologic response categories were defined: amyloid
complete response (aCR; negative serum and urine and normal FLC
ratio), very good partial response [VGPR; difference between
involved and uninvolved FLCs (dFLC) < 40 mg/L], partial
response (PR; dFLC decrease 50%), and no response (NR) (24).
However, more recently, the criteria requirement of normal FLC
ratio in order to define CR was updated to include abnormal FLC
ratio (FLCr) inverted in favor of the non-amyloidogenic FLC,
meaning that an abnormal FLCr can still qualify as CR when the
uninvolved FLC (uFLC) is greater than the involved FLC (iFLC)
(25). Furthermore, for those with a low presenting FLC difference
(dFLC) of 20-50 mg/L, a target response should be a dFLC.
Manwani et al. introduced the “stringent dFLC response”,
demonstrating as the involved-uninvolved dFLC < 10 mg/L
predicted overall survival (OS) in 915 prospectively evaluated
patients with low presenting baseline dFLC (20-50 mg/L) treated
with bortezomib-based therapy (26). Several conditions have been
identified as criteria to evaluate a therapeutic shift towards a
second-line therapy: if there is no change in serum involved FLC
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TABLE 1 Staging systems.

ETIES
and
thresholds

Staging system

Mayo Clinic Cardiac Staging
System with 2015 European
modification

(NTproBNP based)

NTproBNP > 332 I.  No markers above
ng/L the cutoff

TnT > 0.035 ng/ 1L
mL (or Tnl > 0.01
ng/mL)

One marker
above the cutoff
[ITa. Both markers
above the cutoff and
NTproBNP < 8,500
ng/L

IIIb. Both markers
above the cutoff and
NTproBNP > 8,500

ng/L

BNP > 81 ng/L or L
Tn > 0.1 ng/mL the cutoff
II. One marker

BU Cardiac Staging system No markers above

(BNP based)

above the cutoff
la. Both markers
above the cutoff and
BNP < 700 ng/L
IIIb. Both markers
above the cutoff and
BNP = 700 ng/L
2014 Palladini Renal

eGRF < 50 mL/min =~ 1. Both eGFR above

Staging System per 1.73 m? or and proteinuria below
proteinuria > 5 g/ the cutoff
24h II. Either eGFR

below or proteinuria
above the cutoff
L. Both eGFR
below or proteinuria
above the cutoff
0 markers above

2012 Revised Mayo Clinic NT-proBNP 1,800 L

ng/L the cutoff

cTnT >0.025 ng/ II. 1 marker above

mL the cutoff

dFLC 180 mg/ . 2 markers above
the cutoff
IV. 3 markers above
the cutoff

after the first cycle, if there is a lower than PR after two to three
cycles, and if treatment is not tolerated. Muchtar et al. introduced
the “absolute iFLC response”, considering that, in patients who
achieve normal FLC ratio, high baseline involved FLC value (iFLC)
continues to predict a worse outcome compared to those with a
normal iFLC. The authors demonstrated that iFLC should be
reduced as low as possible, preferably to <2 mg/dL, rather than
considering the FLC ratio. This has been associated with higher
organ response rate and improved progression-free survival (PFES)
and OS (27). Many efforts have been made to develop an algorithm
to predict a bad probability to response to therapy in order to
rapidly change treatment trying to deepen disease response. A UK
consensus demonstrated that only 5% of patients with a baseline
dFLC of >400 mg/L and no response at 1 month improved their
response, with these two circumstances being possible predicting
factors (28).

Organ response to therapy should be assessed separately for the
heart, kidney, liver, and nervous system by measuring specific organ
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biomarkers in blood and urine (29). As for cardiac response,
NTproBNP was used as a surrogate biomarker for response and
progression, defined as a change of 30% and 300 ng/L, respectively
(with a required baseline NTproBNP above 650 ng/L) (24). With
regard to renal response, it is defined as at least 30% decrease in
proteinuria or a drop below 0.5 g/24 h, in the absence of renal
progression defined as a >25% decrease in eGFR (30). Hematologic
and organ response are summarized in Table 2.

Recently, there has been an effort to overcome the binary organ
response and to introduce graded response criteria. In an abstract
presented at the 2021 ASH meeting, Muchtar and colleagues offered
new response criteria based on reduction in proteinuria, as greater
reduction in proteinuria following successful therapy showed an
improvement in both renal survival and OS. Four renal response
categories were formulated based on the reduction level in
pretreatment 24-h proteinuria in the absence of renal progression:
renal complete response (renCR, 24-h proteinuria <200 mg/24 h);
renal very good partial response (renVGPR, >60% reduction in 24-h
proteinuria); renal partial response (renPR, 31%-60% reduction in

TABLE 2 Response evaluation.

Organ Response Progression
Hematological = CR: Both criteria must be met Not standardized
Absence of amyloidogenic light chains
(either free and/or as part of a complete
immunoglobulin) defined by negative
IFE of both serum and urine
Either an FLC ratio within the reference
range or the uninvolved FLC
concentration is greater than involved
FLC concentration with or without an
abnormal FLC ratio
VGPR: dFLC concentration <40 mg/L
PR: dFLC decrease >50% compared
with baseline
NR: none of the criteria applied
Hematological =~ dFLC < 10 mg/L
Low dFLC
Cardiac NT-proBNP response: >30% and | NT-proBNP
>300 ng/L in patients with baseline NT- | progression: >30%
proBNP > 650 ng/L and 1 >300 ng/L
or
cTn progression:
1233%
Hepatic 1 50% (=0.5 g/d) of 24-h urine protein 50% 1 (=1 g/d) of
(required: >0.5 g/d pretreatment); 24-h urine protein
creatinine and creatinine clearance to >1 g/d
must not worsen by 25% above BL or 25% worsening
of creatinine or
creatinine
clearance
Liver 50% | in abnormal AP and | >2 cm in 50% 1 of AP
liver size (radiographic) above lowest value
Peripheral Improvement in electromyogram nerve Progressive
nervous conduction velocity (rare) neuropathy by
system electromyography
or nerve
conduction
velocity

J: decrease, 1: increase.
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24-h proteinuria); and renal no response (renNR, 30% or less
reduction). Renal response was assessed at landmark stages (6, 12,
and 24 months from treatment initiation) and as best renal
response. A renal response as early as 6 months after therapy
initiation was able to predict time to renal replacement therapy
(RRT) and OS based on renal response depth was observed as early
as 12 months from therapy initiation and improved with time (31).
Similarly, a new study validated graded cardiac response based on
reduction in NT-proBNP. Four cardiac response categories were
formulated based on the reduction level in pretreatment 24-h NT-
proBNP: cardiac complete response (carCR, NT-proBNP < 350 pg/
mL or BNP < 80 pg/mL); cardiac very good partial response
(carVGPR, >60% reduction in NT-proBNP); cardiac partial
response (carPR%, 31%-60% reduction in NT-proBNP); and
cardiac no response (carNR, 30% or less reduction). The study
showed a correlation between the depth of hematological response
and cumulative cardiac progression and between a deep cardiac
response and OS, thus emphasizing the role of graded cardiac
response criteria in better assessing cardiac improvement compared
with the traditional binary response system (32). Because the
natriuretic peptides are dependent on renal function, other
methods for cardiac response assessment have been explored,
such as echocardiographic strain measurement (33-35),
extracellular volume measurement using cardiac magnetic
resonance (36), and functional assessment such as the 6-min walk
test (37, 38), but none of them demonstrated superiority over
natriuretic peptides. However, a complete HR does not
necessarily immediately translate into organ response. Recently,
the role of minimal residual disease (MRD) in predicting patients’
response to treatment has become more important. In the study
conducted by Sidana et al., patients with MRD negativity
(sensitivity of 107°) were more likely to have achieved cardiac
response (67% vs. 22%, p = 0.04) and obtained a better 1-year
PFS at a median follow-up of 14 months (100% vs. 64%, p = 0.006)
(39). Kastritis and colleagues also showed better organ response in
MRD-negative patients compared to MRD-positive ones (86% vs.
77%), both renal (88% vs. 87.5%) and cardiac (100% vs. 73%). MRD
negativity also led to lower rates of hematologic relapse (0% vs. 21%,
p = 0.029) (40). Similarly, Palladini et al. demonstrated that
undetectable MRD (measured by NGF, sensitivity of 10-5) was
associated with higher rates of renal and cardiac responses (90% vs.
62%, p = 0.006 and 95% vs. 75%, p = 0.023, respectively).
Furthermore, hematological progression was more frequent in the
setting of persistently positive MRD (0% vs. 25% at 1 year, p =
0.001), indicating a subset of patients who would benefit from
further/more intensive treatment (41). Bomsztyk et al. recently
prospectively demonstrated that the measurement of clonal FLC
by mass spectrometry (MS) can identify an FLC clone in patients
presenting with a normal FLC ratio and in the majority of patients
in conventional CR post-treatment. After treatment, significantly
better OS has been demonstrated in patients with detectable
residual monoclonal FLC by FLC-MS than patients with a
conventional CR/VGPR but FLC-MS positive, sustained at both 6
and 12 months (42). MRD detection could be assessed by NGF,
which can detect MRD in patients with AL amyloidosis; otherwise,
CR and persistent MRD could explain persistent organ dysfunction
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and predict hematologic progression (39-41, 43-45). However,
technique standardization, time-point evaluation, and the clinical
applicability of these methods are lacking and limit their use. NGS
has been demonstrated in small recent studies to be feasible in
patients with AL amyloidosis, representing the track of clonotypic
light-chain sequences as a promising approach for detecting and
maintaining profound therapeutic responses (46). NGS has shown
to be a sensitive method for detecting MRD in AL amyloidosis and
could be utilized in future studies (47).

There is uncertainty about the timing and depth of free light-
chain reduction that could define suboptimal response and the
need to switch to second-line therapy. Thus, identifying early
suboptimal response in patients during induction regimens could
be crucial to optimize outcomes. A recent Australian
retrospective study evaluated the impact of disease response
after two cycles of induction therapy on subsequent
hematological and organ response. The failure to achieve
hematological PR after 2 months of bortezomib-based therapy
defined a high probability to therapeutic failure, suggesting a
chance to alternatively use salvage therapy after the 2-month
response assessment. For patients with advanced stage IIla/b
cardiac disease, the failure of early response has been shown to
be a factor that may lead to worse OS (48).

5 Therapeutic approach
5.1 Newly diagnosed AL amyloidosis

The goal for therapy in patients with AL amyloidosis is to obtain
a deep and durable response in the shortest time possible. Systemic
therapy should normalize or nearly normalize serum FLCs’
circulating amount and their consecutive deposition in involved
organs by directly targeting the clone that produces them. The more
rapid the therapeutic action is, the more efficiently progressive
organ failure should be stopped; organ recovery has been associated
with improved survival outcomes in patients with AL amyloidosis
(33, 49). Recently, novel therapeutic approaches are under study to
remove amyloid fibril deposition in involved organs, trying to revert
organ damage (50). Clinicians should also minimize toxicity in
therapy by choosing a risk-adapted therapeutic approach that does
not lead to mortality or decompensate patients, combining it with
the best personalized supportive care.

Guidelines suggest patient optimization before starting
treatment as the key to AL amyloidosis management, firstly by
monitoring daily blood pressure, pulse rate, and weight to evaluate
the clinical status of patients with renal or cardiac involvement. An
inpatient start of therapy should be preferable for patients who are
unstable, which should be treated with supportive treatments such
as diuretics with the aim of 1-2 kg weight loss/week unless hypoxic,
preferring bumetanide plus spironolactone combination and
avoiding ACE inhibitors and beta blockers. Fluid overload should
be carefully evaluated; Holter electrocardiogram in case of baseline
arrhythmias, pacing in case of bradycardia, or implantable
cardioverter defibrillator for refractory persistent or serious
ventricular arrhythmias, should be considered.
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The major changes in the patient’s journey for treating AL
amyloidosis started in the 1990s with high-dose melphalan and
autologous stem cell transplantation (HDM/SCT), which became
the standard of care in selected patients with early disease and
brought a prolonged duration of hematologic complete response,
event-free survival (EFS), and OS in patients achieving a complete
remission (51). In the 2000s, the first immunomodulators (IMIDs)
were used, reducing the overall 2- to 3-year mortality from 80% to
70%, until 50% 10 years later by the introduction of bortezomib in
upfront treatment strategy. Hematological response rate increased
in parallel from 30% to 65% to 80% during this journey of
continuous development of novel drugs (52). In the 2020s, the
use of daratumumab, first in a relapsed/refractory (R/R) setting and
then in a frontline setting, changed the history of R/R AL
amyloidosis, leading from 48% to 86% VGPR with a median time
to response of 1 to 4 weeks and deep and fast renal and cardiac
responses in more than one-half of all the patients treated (53, 54).
Daratumumab, a monoclonal antibody targeting CD38 on the
plasma cells surface, has already demonstrated a high efficacy in
patients with MM with a good safety profile and without renal and
cardiac toxicity. Andromeda was the pivotal phase 3 trial comparing
dara-VCd (up to 24 cycles) with VCd alone (6 cycles) in 388
patients with newly diagnosed systemic AL amyloidosis (excluding
stage ITIb disease), with a primary endpoint of hematologic CR and
secondary endpoints of organ response and MOD-PFS (55). The
Dara-VCd arm compared with VCd alone demonstrated to make
CR jump high from 19.2% to 59.5% in a median of 16 days vs. 24
days of the competitor, with significantly better MOD-PEFS in the
daratumumab group. Eighteen-month organ responses also
improved, with cardiac and renal responses in the dara-VCd arm
vs. VCd alone being 53% vs. 24% and 58% vs. 26%, respectively (56).

Treatment with daratumumab-based regimens clearly reaches
deep responses in 70% to 80% of patients with less-advanced
disease, translating into organ responses, improving quality of life
and finally better OS. More advanced diseases remain an unmet
medical need. Refinement of therapies based on biomarkers and
clonal and genetic characteristics of disease; addressing the question
of organ improvement; and solving the issue of ongoing
maintenance should be the goals of future improvements in therapy.

5.2 Transplant-eligible AL amyloidosis

Autologous stem cell transplant (ASCT)-treated patients had
particularly large survival improvement during the last few years,
improving the 5-year OS rate from 54% to 76% from 1980 to 2019,
with the best improvement described for patients without cardiac
involvement (median OS increasing >6 years over this time). Early
mortality in ASCT-treated patients decreased from 10% to 2%, with
organ failure, particularly the heart, being the most important cause
of death followed by sudden heart attack (57).

The first step after having decided to start a systemic therapy is
to evaluate the ASCT eligibility of patients with newly diagnosed AL
amyloidosis. Sanchorawala et al. recently pointed out ASCT
eligibility criteria from the EHA-ISA guidelines: age between 18
and 70 years, at least one vital organ involvement, left ventricular
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ejection fraction 240% and NYHA class <III, oxygen saturation
295% in room air and DLCO >50%, supine systolic blood pressure
290 mmHg, ECOG performance status <2, direct bilirubin <2 mg/
dL, NTproBNP <5,000 pg/mL, and troponin I <0.1 ng/mL (or
troponin T <0.06 ng/mL or hsTroponin T <75 ng/mL). The
presence of medically refractory pleural effusions, cardiac stage
IIIb disease, orthostatic hypotension refractory to medical therapy,
acquired factor X deficiency with active bleeding, and
gastrointestinal active bleeding due to local disease involvement
remained as contraindications for ASCT. Stem cell mobilization
should be made by G-CSF at 10-16 pg/kg/day in single or split dose,
using Plerixafor on demand or planned and preferably avoiding
cyclophosphamide. Melphalan conditioning regimen’s dose should
be ruled out based on age and cardiac/renal disease risk, which is
200 mg/m? in the low-risk group (age <65 years, cardiac stage I, and
eGFR >50 mL/min) and 140 mg/m2 in patients with renal failure
(eGFR <30 mL/min) considering a chronic dialysis schedule if
necessary. A multidisciplinary evaluation should be necessary for
patients aged 66-77 years, with cardiac stage IT and borderline renal
function (eGFR 30-50 mL/min) (9). A single day of melphalan
conditioning was associated with a higher probability of post-HSCT
CR compared to 2 days of conditioning in a retrospective Mayo
Clinic study, which compared the effect of single-day melphalan
versus 2 days of melphalan, omitting a day of rest between
conditioning and stem cell infusion. Furthermore, post-HSCT CR
was higher in patients receiving a full dose of melphalan than in
those receiving a reduced dose, supporting a careful patient
selection for HSCT, preferring the ASCT strategy in case of
eligibility for full-dose melphalan conditioning (58).
Bortezomib-based induction regimens have been the gold
standard in systemic AL amyloidosis for years, until the approval
of daratumumab-VCd, based on results of the phase 3 Andromeda
trial (55), which introduced two to four induction cycles of this drug
combination before ASCT in the clinical practice preferably for
patients having more than 10% of bone marrow plasmacytosis, a
non-stage I1Ib cardiac disease, and without a sensory or peripheral
neuropathy. The addition of daratumumab to VCd has also recently
demonstrated higher rates of deep hematologic response in stage
IIb cardiac AL amyloidosis in real-life retrospective studies. An
Italian matched case—control study of 62 newly diagnosed patients
showed a 25% cardiac response rate, which is significantly more
frequent in the daratumumab cohort than in the standard group
(3%) with significantly prolonged PFES (5 vs. 2.4 months in the two
groups) and OS (6.7 vs. 4 months in the two groups) (59). Dara-
VCd was also described in a Columbia retrospective cohort of
patients among the 28% who had stage IIIb cardiac involvement,
obtaining an estimated 6-month early mortality that is lower by
approximately threefold than historical data (<30% in low- to
intermediate-risk patients and 30%-60% in high-risk patients),
with a dramatic reduction in Mayo 2004 stage I-IIla but still
substantial in stage IIIb disease (60). Similarly, Oubari et al.
published a retrospective multicenter study on 98 patients with
stage IITb AL amyloidosis treated with daratumumab-based or non-
daratumumab-based regimens. The authors demonstrated
significantly better hematological response at 2 and 6 months,
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cardiac response, and OS in patients having received
daratumumab, showing a clear correlation between depth of
response and outcomes (61).

ASCT should be deferred to relapse in case of CR after
induction, but prospective studies evaluating differences in terms
of outcomes between early ASCT and deferred ASCT are lacking.
Data from retrospective studies described similar OS in the two
groups of patients, highlighting organ involvement, patient
preference, and good treatment response as the first three causes
of deferred ASCT (62, 63). Consolidation and continuous
lenalidomide maintenance approaches do not have a definitive
role, suggesting for a dynamic and personalized approach. Al
Saleh et al. firstly demonstrated a significant improvement in PES
with a trend towards improvement in OS in patients receiving post-
ASCT consolidation therapy compared to those that do not,
primarily in patients failing to achieve >VGPR. However, this
study has the limitation of being retrospective in nature, lacking
the uniformity in selecting patient characteristics and the variability
of consolidation regimens before the era of daratumumab (64). For
patients having an only organ involvement and failure, the organ
transplant could be considered and accurately discussed with the
organ transplant multidisciplinary team, evaluating ASCT after
solid organ transplant if available. Rajasekariah et al. have
retrospectively demonstrated that sequential heart transplant plus
ASCT following induction therapy was safe in nine patients with
stage IIla/b cardiac AL amyloidosis without an increase in
transplant-related mortality (TRM). Their 3-year OS was 83%
and PFS was 56%, which could be considered excellent if
compared with the historical cohort, considering that they have
received non-daratumumab-based induction regimens (65).

A 25-year longitudinal study on 648 patients treated with VCd
and ASCT demonstrated that nearly half of patients obtaining a
hematologic CR had no evidence of a recurrent plasma cell
dyscrasia at 15 years following ASCT. The authors proposed a
risk stratification model based on baseline bone marrow plasma
cells’ percentage >10% and difference between involved and
uninvolved FLC >180 mg/L as adverse risk factors, which have
been identified as factors that are significantly associated with better
EFS but not OS in case of ASCT (66). Prospective data lack the role
of ASCT versus induction alone, particularly based on a risk
stratification of AL amyloidosis, in the era of daratumumab-based
therapy. Retrospective data showed no significant difference
between ASCT and induction alone in patients with and without
t(11;14) (67), with the presence of t(11;14) being a prognostic and
predictive biomarker in AL amyloidosis, associated with the higher
likelihood of cardiac involvement (68).

The decision to utilize maintenance therapy and its duration is
often driven by physician discretion and center policy. Landau et al.
showed that each treatment phase deepened the response,
potentially suggesting that maintenance following consolidative
bortezomib-dexamethasone would do the same or at least
maintain remission (69). Ozga et al. retrospectively demonstrated
that there was also no survival benefit with the addition of
maintenance therapy. It is interesting to note that the median
PFS was 4 years longer in the maintenance subgroup, while
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median OS was 4 years longer in the non-maintenance subgroup,
suggesting that maintenance may delay disease recurrence at the
expense of cardiotoxicity or myelosuppression related to the long-
term use of lenalidomide (70).

5.3 Non-transplant-eligible AL amyloidosis

Patients not eligible for ASCT are treated with chemotherapy-
based approaches. Guidelines also recommended a risk-adapted
strategy for this group of people. For grade I-IIla cardiac
involvement, Dara-VCd should be considered the first therapeutic
option, based on Andromeda results (55). If daratumumab
is not available, a bortezomib-based triplet should be started.
Bortezomib-melphalan-dexamethasone (BMDex) and VCd have
not been compared prospectively, but experts indicate VCd as the
preferred regimen in most patients, because of the outpatient
management and renal safety. There is no precise consensus on
the optimal duration of therapy, but two cycles beyond the best
response seem to be the best duration until six to eight cycles as the
depth of response can improve. For stage IIIb cardiac involvement,
a modified Dara-VCd regimen or the single-agent daratumumab
should be recommended.

For these patients being not eligible for ASCT, there are no data
about a consolidation strategy. Consolidation therapy is not
routinely recommended, but it could be considered to deepen
induction response in case of MRD persistence and lack of
organ response. Routine maintenance therapy is not actually
recommended, even if patients in the Andromeda study received
monthly daratumumab maintenance for up to 24 cycles. However,
this trial did not randomize patients to receive maintenance therapy
or not, and data from this part of the study are not available yet.

As for special populations, the same treatment strategies could
be adopted and customized. In case of mild amyloidosis-related
neuropathy, bortezomib should be reduced or the single-agent
daratumumab should be preferred (52). Regimens without
bortezomib should be started in case of severe neuropathy, such
as daratumumab monotherapy, lenalidomide-dexamethasone (71-
73), melphalan-dexamethasone (74), carfilzomib-dexamethasone
(75), or venetoclax if available (NCT05996406 ongoing trial).
Giving the hematological toxicity as thrombocytopenia and the
increased bleeding/clotting risk of patients with AL amyloidosis,
IMIDs use needs a careful assessment in patients at high bleeding
risk due to complexity of balancing bleeding vs. clotting
risk. Patients with advanced liver dysfunction should avoid
hepatotoxic drugs: cases of bortezomib-, lenalidomide-, or
cyclophosphamide-induced liver toxicity have been reported, even
if they are not considered as hepatotoxic drugs. Daratumumab
could be considered as a safe option in terms of liver function; thus,
daratumumab-dexamethasone should be the preferred option in
this case. In case of renal AL amyloidosis requiring dialysis,
lenalidomide should be avoided because it is the only IMID that
requires a dose adjustment for renal failure. High-cutoff
hemodialysis (HCO-HD) therapy should be associated with
chemo-immunotherapy to remove free light chain from the renal
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filter, based on data on cast nephropathy. HCO-HD and
chemotherapy have demonstrated a tendency to improve renal
outcomes in MM, but trials on AL amyloidosis are necessary to
establish a real recommendation (76).

5.4 Response evaluation after
upfront therapy

Achieving optimum depth and speed of disease response
being the goal of treatment, the evaluation of response has a
crucial role in the patient’s journey. It has to be evaluated in
terms of hematological and organ response, every one or two
cycles while the patient is on active treatment, 3 months post-
ASCT, and every 3 months during the follow-up (14). Organ
response has doubled up with daratumumab-based therapies,
reaching 53%, 83%, and 50% for cardiac, renal, and hepatic
response, respectively (77). Palladini et al. recently updated the
hematological response criteria, defining CR as both the absence of
serum/urine immunofixation and the normalization of the FLC
ratio (25), better defining deep hematologic response that has been
shown to lead to deep organ response and subsequently improved
OS (24). Organ response to therapy should be assessed separately
for the heart, kidney, liver, and nervous system by measuring
specific organ biomarkers in blood and urine (29). Muchtar et al.
recently confirmed the value of graded cardiac response criteria
over the standard binary response system, based on the NT-proBNP
changes during therapy. Depth of cardiac response at 6, 12, and 24
months has been demonstrated to significantly correlate with OS
both in stage II-IITa and in stage IIIb, even if stage IIIb was
confirmed to have a negative prognostic role on outcomes (78).
Graded four-level renal response criteria have been validated based
on the reduction of 24-h proteinuria in 737 patients with renal AL
amyloidosis involvement, demonstrating the importance of
achieving a deep and early renal response to improve renal
survival and OS. A deep renal response at 6, 12, and 24 months
has been significantly associated with a lower probability of
undergoing RRT (31). A similar graduation system has been
applied to assess hepatic response to therapy, based on the
reduction of alkaline phosphatase, demonstrating its significant
correlation with OS (33).

5.5 Novel upfront therapeutic strategies

Novel strategies in treating AL amyloidosis include drugs
binding directly to a conserved epitope in misfolded kappa and
lambda light chains, to neutralize toxic soluble light chain
aggregates and deplete amyloid deposited via macrophage-
induced phagocytosis (79, 80). Birtamimab (formerly NEODO0O1)
is an investigational humanized IgG1 monoclonal antibody that was
granted orphan drug status by the US FDA and the European
Medicines Agency and received FDA Fast Track Designation, based
on results of a phase 1/2 clinical trial in patients with AL
amyloidosis with persistent organ dysfunction, demonstrating
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that it is generally safe and well tolerated (81). The phase 3
randomized, double-blind, placebo-controlled VITAL clinical trial
studied birtamimab plus standard of care in 260 newly diagnosed
and treatment-naive patients with AL amyloidosis. This trial
terminated early for futility, failing to reach the first endpoint,
which was the time to all-cause mortality or centrally adjudicated
cardiac hospitalization 291 days after the first study drug infusion.
Having a post-hoc analysis of patients with Mayo stage IV AL
amyloidosis showed significant improvement in the primary
endpoint with birtamimab at month 9 (OS 74% vs. 49% in
birtamimab vs. SOC groups, respectively), and the confirmatory
AFFIRM-AL phase 3 trial is ongoing. Table 3 shows a summary of
novel therapies of ongoing trials.

5.6 Relapsed and refractory AL amyloidosis

The management of relapsed/refractory AL amyloidosis
(RRAL) represents a challenge since, firstly, it is not well known
when to start a second-line therapy although progression criteria
have been established in 2005 (82) and, secondly, phase 3
randomized trials in this setting are very few so there is no
consensus regarding the best treatment in RRAL. Moreover, if a
few patients can undergo organ progression without dFLC increase,
hematologic relapse translates into organ progression in most of
them after a time that cannot be predicted (83). Achievement of a
complete hematologic response (aCR), defined as negative serum

TABLE 3 Ongoing trials in newly diagnosed AL amyloidosis.
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and urine immunofixation and normal FLC ratio, is associated with
a significantly longer OS if compared with obtaining VGPR (dFLC
< 40 mg/L; HR = 2.67), PR (dFLC decrease > 50%; HR = 6.24), or
not responding (HR = 12.34) (24). Recently, free light-chain mass
spectrometry (FLC-MS) has been demonstrated to detect persistent
monoclonal light chains in a significant proportion of patients with
CR as per ISA criteria in a study including 487 patients with newly
diagnosed AL amyloidosis receiving bortezomib-based regimens
upfront (84). Among those who achieved a conventional CR at 6
and 12 months, 26.4% and 39% were FLC-MS negative,
respectively. Median OS of patients in CR and FLC-MS negative
at 12 months was not reached vs. 108 months in those in CR but
FLC-MS positive (p = 0.024). Moreover, 70% of patients who were
FLC-MS negative at 12 months achieved a cardiac response vs. 50%
of those who were FLC-MS positive (p = 0.015). Multivariate
analysis selected FLC-MS negativity at 12 months as an
independent factor affecting better outcome, suggesting that FLC-
MS assessment could become a new parameter for defining
response in amyloidosis AL. The response should be quick as well
as deep. In 525 patients who obtained less than VGPR after
frontline bortezomib, dFLC at diagnosis > 400 mg/L and no
response (<PR) after 1 month were factors significantly associated
with no improvement in response. Remarkably, 66% of patients
with no risk factors improved their response by 6 months vs. 44%
and 5% of those with one and two risk factors, respectively,
suggesting that patients with both risk factors should change
therapy at 1 month since the likelihood of improved response is

Study population Trial Trial ID
status
Lendexal I Newly diagnosed patients not eligible for up- Completed NCT01194791
front ASCT
Daratumumab, Ixazomib, and Dexamethasone I Newly diagnosed or relapsed patients Active, NCT03283917
not recruiting
Ixazomib, Cyclophosphamide, and Dexamethasone /1L Newly diagnosed patients Completed NCT03236792
Bortezomib, Cyclophosphamide, and Dexamethasone 11 Newly diagnosed Mayo stage II-III light-chain Completed NCT03401372
+ Doxycycline amyloidosis patients
Lenalidomide, Dexamethasone, and Cyclophosphamide /11 Newly diagnosed patients Completed NCT00981708
Venetoclax and Dexamethasone i Newly diagnosed patients with t(11;14) > 10% Recruiting NCT05996406
in FISH
Daratumumab, Bortezomib, Dexamethasone, Newly diagnosed patients with t(11;14) Recruiting NCT06192979
and Venetoclax
Daratumumab monotherapy I Newly diagnosed stage 3B patients Active, NCT04131309
not recruiting
Arm A: immediate daratumumab + VCd Arm B: I Newly diagnosed patients Recruiting NCT05250973
daratumumab + deferred VCd (AQUARIUS)
Standard of care + Birtamimab 11 Newly diagnosed Mayo Stage IV patients Recruiting NCT04973137
(AFFIRM-AL)
Daratumumab maintenance I Newly diagnosed patients after six cycles of Dara- Recruiting NCT05898646
VCd induction therapy (EMILIA)
Bortezomib, Cyclophosphamide, Dexamethasone, I Newly diagnosed high-risk patients Recruiting NCT04754945

and Isatuximab
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low (28). These findings have been confirmed by a recent Australian
study (48) in which failure to achieve PR after 2 months of
bortezomib-based therapy was associated with a low chance of
achieving deep response (only 16% of patients obtained VGPR or
better) and a low probability of improving cardiac (6%) and renal
(30%) responses. The deeper the organ response, the longer the
survival (30, 85), but organ response is a time-dependent variable
and time from treatment initiation to maximal response can be 24
months for cardiac response and 29 months for renal response (33).
Notably, responses for all organs involved in AL amyloidosis are not
always concordant and most cases of heart or kidney non-responses
have no clear explanation, suggesting that the biology of the disease
could be different in different sites (86). Pavia experience (87)
showed that the outcome of patients who required second-line
therapy, after a median of 2.7 years, was good with a median OS of
59 months. High-risk dFLC progression, requiring a dFLC > 20 mg/
L, a dFLC > 20% of baseline value, and a >50% increase from the
value reached at best response, was characterized by a significantly
shorter OS (median 46 months vs. not reached in other patients, p =
0.004) and preceded cardiac progression by a median of 6 months
in 85% of cases. However, in multivariate analysis, only NT-
proBNP progression remained an independent predictor of
survival in patients who underwent second-line treatment. In
patients with an NT-proBNP progression, median OS was 17
months vs. 62 months in those without NT-proBNP progression,
suggesting that patients with high-risk dFLC progression should be
considered for rescue therapy before cardiac progression. In the
choice of treatment for relapsed AL amyloidosis, several factors
mainly related to patients should be considered since previous
therapy may have caused severe toxicities and underlying disease
may have compromised organ functions. Therefore, the most
widely used approach, in terms of further therapy, is to select
second-line therapy taking into account patient frailty status,
previous regimens to which the patient has been exposed, and
duration of response. Retreatment with the same class of drug used
in upfront therapy represents an appropriate approach when
response is long-lasting (88).

5.7 Immunomodulatory agent-
based regimens

The efficacy of lenalidomide plus dexamethasone (Rd) has been
evaluated in some small prospective phase 2 studies showing that, in
this setting of patients, lenalidomide is much less tolerated than in
patients with MM. In the Dispenzieri et al. study, hematologic and
organ responses were 75% and 42%, respectively, in patients with
symptomatic AL amyloidosis who received at least three Rd cycles,
with a starting lenalidomide dose of 25 mg for 21 days. Hematologic
toxicity was significant with grade 3-4 thrombocytopenia occurring
in 27% of patients and grade 3-4 neutropenia in 45% of them (89).
In a similar US study, a lower incidence of hematologic toxicity was
documented after lenalidomide dose was reduced to 15 mg/day,
which has been considered the maximum tolerated dose in patients
with AL amyloidosis (90). A retrospective analysis including 260
patients treated in Germany between 2006 and 2020 evaluated the
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efficacy and toxicity of the Rd regimen in RRAL amyloidosis (91).
Median age was 60 years (34-79) and patients had received a
median of two prior lines of therapy including bortezomib (68%)
and ASCT (33%). After a median follow-up of 56.5 months, median
hematological EFS and OS were 9 and 32 months, respectively.
Overall, a worsening in aGFR was documented in 69% of patients,
regardless of renal involvement at diagnosis, and 12% of patients
required dialysis. Any grade hematologic toxicity developed in 39%
of patients, but the most frequent adverse event was infections that
occurred in 30% of cases. Patients with gainlq21 and high dFLC
(>180 mg/L) had shorter hematological EFS and OS if compared
with those of patients without these findings. Several phase 1/2
studies explored pomalidomide plus dexamethasone (Pd) in
previously treated patients with AL amyloidosis. In the Mayo
Clinic experience (92), 33 patients with a median of two prior
regimens and 82% with heart involvement received pomalidomide
(2 mg daily for 28 days) plus dexamethasone. Hematologic response
was documented in 48% of patients whereas, among those with
cardiac and renal involvement, 15% and 8% obtained organ
response, respectively. With a median follow-up of 28.1 months,
median PFS and OS were 14.1 and 27.9 months, respectively. The
most frequent grade 3-4 adverse events were neutropenia (30%)
and infections (27%). In another phase 1/2 study (93), the
maximum tolerated dose of pomalidomide was established to be 4
mg daily and 27 patients with a median of two prior regimens
including bortezomib (77%), ASCT (59%), and lenalidomide (48%)
received a median of six cycles with Pd. Hematologic response was
documented in 50% of patients and median OS was not reached
after a median follow-up of 17 months. Higher hematological
response rate (68%) was reported by Palladini et al. (94) in 28
patients already exposed to bortezomib (96%), melphalan (75%),
cyclophosphamide (68%), and lenalidomide (25%), probably due
to a greater proportion of patients receiving full doses of
pomalidomide and dexamethasone. In a large European cohort
of 164 patients with a median of three prior lines of therapy
(65% refractory to the last line of therapy and 35% relapsed),
hematological response was 44% at 6 months. Achieving at least
PR at 6 months was associated with a significantly longer OS
(median 50 months vs. 27 months, p = 0.033) and PFS (median
37 months vs. 18 months, p < 0.001). Cardiac response was
observed in 11% of patients and renal response in 20%. The most
frequent severe toxicities were infections (9%), cardiac failure (7%),
and creatinine increase (6%) (95).

5.8 Proteasome inhibitor-based regimens

Among mechanisms of action of proteasome inhibitors, making
these agents essential in the treatment of MM, inducing
endoplasmic reticulum (ER) stress by inhibition of a protein
clearance pathway with subsequent activation of unfolded protein
response (UPR), resulting in apoptosis, seems to be the most
important for AL amyloidosis (96). CAN2007 (97) has been the
first prospective phase 1/2 study to evaluate bortezomib
monotherapy in relapsed systemic amyloidosis. Among 70
patients enrolled in the study, 18 received bortezomib 1.6 mg/m’
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QW, 34 received bortezomib 1.3 mg/m2 BIW, and 18 underwent
bortezomib at a lower dose QW or BIW. Overall, 73% and 56% of
patients had renal and cardiac involvements, respectively.
Hematological response (at least PR) was documented in 68.8%
of the 1.6 mg/m* QW group and in 66.7% of the 1.3 mg/m* BIW
group with 28% and 38% of patients, respectively, discontinuing
therapy because of adverse events despite the fact that no grade >3
peripheral neuropathy was reported. After a median follow-up of
51.8 months for all patients, median OS was 62.7 months with a 4-
year OS of 67.3%. Remarkably, four patients received long-term
bortezomib for between 3.5 and 5.6 years, and at the final analysis,
all patients remained progression-free (98).

In the UK phase 1b CATALYST study (99), 10 patients with
RRAL amyloidosis and at least one prior line of treatment received
carfilzomib at a dose of 20/36 mg/m* or 20/45 mg/m” on days 1, 8,
and 15 in combination with thalidomide 50 mg daily and
dexamethasone. Overall, 80% had previously received
cyclophosphamide, bortezomib, and dexamethasone (Cy-Bor-D);
40% cyclophosphamide, thalidomide, and dexamethasone; and 30%
ASCT. Hematological response was 60% within and at the end of
three cycles of therapy, but no organ response was documented
during treatment. Moreover, grade 3 acute kidney injury and
creatinine increase were reported in 10% and 10% of patients,
respectively, and grade 3 hypertension was reported in 10% of
patients. In a previous phase 1/2 study (100) using carfilzomib
monotherapy, maximum tolerated dose was established to be 20/36
mg/m?, but considering the whole study population of 28 enrolled
patients, 50% of patients developed grade 3-4 cardiac or pulmonary
side effects including symptomatic ventricular tachycardia and
cardiac arrest in two patients.

TOURMALINE-ALL (101) represents the first phase 3 trial in
relapsed/refratory AL amyloidosis, conducted in 68 sites around the
world. Primary endpoints of the trial were hematologic response
rate and 2-year vital organ deterioration or mortality rate. Overall,
168 patients were randomized to receive ixazomib (4 mg on days 1,
8, and 15) plus dexamethasone (Ixad) or the physician’s choice
consisting of Rd, melphalan-dexamethasone, cyclophosphamide-
dexamethasone, and thalidomide—-dexamethasone. In the Ixad arm,
41% of patients had received 22 prior lines of therapy vs. 40% in the
physician’s choice arm and 47% vs. 37% had undergone ASCT,
respectively. The best hematological response was obtained by 53%
of the Ixad group vs. 51% of the physician’s choice group (p = 0.76);
therefore, the primary endpoint was not met. As regards 2-year vital
organ deterioration, it was longer with Ixad than with other
therapies (median 34.8 months vs. 26.1 months, p = 0.01), and
among patients with 2 years of follow-up, 40% and 45% of
physician’s choice patients had a vital organ deterioration or
mortality event, respectively. Median time to subsequent therapy
was 26.5 vs. 12.5 months (p = 0.03), median overall PFS was 11.2 vs.
7.4 months (p = 0.04), and median OS was not reached (with a
median follow-up of 45.3 months vs. 40.8 months in the Ixad arm
and physician’s choice arm, respectively). The most frequent
adverse events of any grade in the Ixad group were diarrhea
(34%), rash (33%), cardiac arrythmias (33%), nausea (24%),
pneumonia (21%), and peripheral neuropathy (19%).
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5.9 Daratumumab-based regimens

The anti-CD38 monoclonal antibody daratumumab, included
in most regimens used upfront in newly diagnosed MM, has shown
to induce high hematologic response as second-line therapy in
patients with AL amyloidosis and, unlike in MM, it was found to be
equally effective both as a monotherapy and in combination (102).
In a retrospective study from Stanford University (103) including
25 heavily pretreated patients with AL amyloidosis (median prior
lines of therapy = 3), hematologic response was 76%, with 36% of
patients achieving a CR. Daratumumab was also well tolerated in
patients with advanced cardiac involvement. In a phase 2 study
conducted in France and Italy (54), 40 pretreated AL patients (65%
with renal involvement, 60% with cardiac involvement, and
52% with > 3 prior lines of therapy) received six cycles of IV
daratumumab, with the latter administered weekly for the first two
cycles and every other week for cycles 3-6. At least VGPR after six
cycles, the primary endpoint of trial, was achieved by 47.5% with a
median time to hematological response of 1 week. Cardiac and renal
response were documented in 17.5% and 20% of patients,
respectively. With a median follow-up of 26.4 months, median
OS was not reached and median PFS was 24.8 months (2 years;
74.2% and 51.2%, respectively). In a similar US prospective phase 2
study (53), 22 patients with a median of two prior lines of therapy,
68% with renal involvement and 64% with cardiac involvement,
received IV daratumumab for 24 months or unacceptable toxicity.
Using this long-term administration, at least 86% of patients
achieved hematologic VGPR and 41% achieved at least a CR.
Moreover, renal response was 67% and cardiac response was 50%;
50% of patients obtaining hematologic CR was MRD negative by
multiparametric flow cytometry and median PFS was 28 months.
As regards retrospective analyses, 44 patients with RRAL
amyloidosis and a median of three prior lines of therapy received
daratumumab-based regimens at the Mayo Clinic between 2015
and 2018 (104). The most common regimens administered were
daratumumab, pomalidomide, and dexamethasone (DPd) in 36% of
patients; daratumumab, lenalidomide, and dexamethasone (DRd)
in 32% of patients; and daratumumab, bortezomib, and
dexamethasone (DVd) in 18% of patients. Hematologic ORR was
83%, and 80% of patients achieved at least VGPR with an OS at 10
months of 94%. In the larger Italian cohort (105), 72 consecutive
pretreated AL patients (median prior lines of therapy = 2) received
daratumumab monotherapy (65%), DVd (20%), and DRd (15%).
After 16 daratumumab infusions, hematologic response was 83%,
renal response was 60%, and cardiac response was 29%. Notably, no
significant difference in terms of hematological response rates was
observed between patients receiving daratumumab monotherapy
and those treated with daratumumab-based regimens. At the last
ASH meeting, preliminary data from a multicenter phase 2 study
with DPd with daratumumab SQ in patients with RRAL have been
presented (106). Nine patients were enrolled (16 planned) and
received DPd for 12 cycles with optional continuation of
daratumumab and/or pomalidomide if they achieved >VGPR
after 12 cycles. All evaluable patients for response (five patients)
obtained CR and negative serum MS, with 83% obtaining renal
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response documented after a median of three cycles. There were no
grade 3-4 side effects requiring treatment discontinuation.
Retreatment with daratumumab in patients with daratumumab
failure is feasible, but response rate is low, with only 22% of
patients achieving VGPR (107).

6 Venetoclax-based regimens

Among cytogenetic abnormalities, translocation t(11;14) is the
most frequently documented in patients with AL amyloidosis (108,
109). This translocation is associated with overexpression of BCL-2
and inhibition of apoptosis (110); patients harboring this
abnormality were found to less likely achieve a high rate of
hematologic response, particularly if treated with bortezomib-
based regimens (111), and were found to have a poorer outcome
(112). Venetoclax, the first-in-class oral BCL-2 inhibitor approved
for some hematologic malignancies such as acute myeloid leukemia,
non-Hodgkin lymphoma, and chronic lymphatic leukemia, has
shown to exert a significant activity also in patients with AL
amyloidosis and t(11;14). In a retrospective US study (113)
including 43 patients with AL who progressed on at least one
prior line of therapy, 72% (31 patients) harbored t(11;14). Overall,
they have received a median of three prior lines of therapy including
bortezomib (98%), cyclophosphamide (79%), daratumumab (58%),
lenalidomide (56%), and pomalidomide (28%). Most patients were
treated with venetoclax * steroids (81%) or venetoclax plus
bortezomib (23%), with venetoclax dosing being from 100 mg to
800 mg daily. In the whole cohort, hematologic ORR was 68% and
at least VGPR was 63%, but stratifying patients according to the
presence or absence of t(11;14), ORR and at least VGPR were 81%
and 78% vs. 40% and 30% in patients with and without this
cytogenetic abnormality, respectively. Overall, after a median
follow-up of 14.5 months, median PFS was 31 months and
median OS was not reached. However, while median OS was not
reached in both groups of patients, median PFS was not reached (12
months = 90%) in patients with t(11;14) and 6.7 months in patients
without t(11;14). Venetoclax was well tolerated and the main grade
3-4 side effects were infections (7%), diarrhea (5%), and
thrombocytopenia (5%). Similar results were reported in a
retrospective experience of Pavia, Athens, and Israel evaluating 26
patients, of whom 88% had t(11;14) (114). Most patients had
cardiac (77%) and renal involvement (58%); median prior lines of
therapy were 3.5, with 100% and 85% of patients who had
previously received bortezomib and daratumumab, respectively;
performance status at venetoclax initiation was >2 in 53% of
patients. Patients were treated with venetoclax * dexamethasone
(69%) or venetoclax with daratumumab (31%) and ORR for all the
patients was 88%, with VGPR 35% and CR 35%. After a median
follow-up of 33 months, median EFS was 25 months and median
OS was 33 months. Infections were the main grade 3-4 side effect
(11.5%) and only one patient developed grade 3 diarrhea. At the last
EMN Meeting, data from patients treated with venetoclax from the
French Amyloidosis Network have been presented (115). Among 51
patients who received venetoclax-based regimens (39 patients with
relapsed and 12 patients with newly diagnosed AL amyloidosis), all
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except 3 had a t(11;14). In relapsed patients, 74.5% achieved at least
hematologic VGPR (CR = 56.5%), and of patients exposed/
refractory to daratumumab, 56% obtained a CR. Median follow-
up was 17.2 months, median PFS was 40 months, and estimated 3-
year OS was 68.2%. Therefore, venetoclax monotherapy or
venetoclax-based combinations seem to be a very promising
approach in patients with t(11;14), even in those exposed to
daratumumab. These findings have been recently confirmed by a
study evaluating venetoclax-based regimens in 21 patients with
daratumumab-refractory AL with t(11;14) (116). The hematologic
response was 95%, 53% of patients achieved a CR or better, whereas
cardiac and renal responses were 40% and 36%, respectively.
Preliminary antitumor activity has been reported with
lisaftoclax (APG-2575) (117), a potent and selective BCL-2
inhibitor, under clinical development in several hematological
malignancies. In a study enrolling patients with relapsed/
refractory MM and relapsed/refractory AL amyloidosis, five
patients with AL received lisaftoclax in combination with
pomalidomide and dexamethasone and the ORR was 60%.

6.1 Novel immunotherapeutic approach

Belantamab mafodotin is the first-in-class antibody-drug
conjugate (ADC) targeting B-cell maturation antigen (BCMA)
approved for relapsed/refractory multiple myeloma (RRMM) who
received at least four prior lines of therapy. This immunotherapy
has demonstrated efficacy and tolerability also in patients with
relapsed refractory AL amyloidosis (118). Twenty-seven patients
with a median of three prior lines of therapy (prior exposure to
proteasome inhibitors of 100%; immunomodulatory agents, 81%;
and anti-CD38 antibody, 81%) received belantamab mafodotin at
standard dose of 2.5 mg/kg. A median of five infusions of
belantamab mafodotin was administered and, among evaluable
patients, hematologic ORR was 80% and VRP/CR was 64%. After
a median follow-up of 13 months, 1-year treatment-free survival/
death was 69% and 1-year OS was 88%. As regards toxicity,
although keratopathy occurred in 70% of patients, only one
patient was grade 4 and required treatment cessation. Data on
BCMA-targeting bispecific antibodies such as teclistamab, which is
approved in relapsed/refractory MM, are very limited considering
that in the MajestTec-1 trial, leading to teclistamab approval,
patients with amyloidosis were excluded (119). In seven patients
with AL amyloidosis with or without concurrent relapsed/refractory
MM (median of six prior lines of therapy), teclistamab was found to
induce hematologic VGPR or better in 100% of patients. Among
four patients evaluable for cardiac organ response and two for renal
organ response, three achieved a cardiac response and one achieved
a renal response. Fifty-seven percent of patients developed cytokine
release syndrome (CRS), all grade 1, and immune effector cell-
associated neurotoxicity syndrome (ICANS) did not occur in any
patient. Another small series has been presented at the last ASH
Meeting (120). Four patients with multi-organ involvement,
concurrent MM, and a median of seven prior lines of therapy
received teclistamab and achieved 100% hematologic CR with organ
response in two out of four patients. Evaluation of anti-BCMA
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chimeric antigen receptor T-cell therapy (CART) represents a
challenge in AL since it is a rare disease, and because it often
involves several organs, patients are probably too frail to undergo
this immunotherapeutic approach. Moreover, in AL amyloidosis,
the activity of anti-BCMA CART has been questioned because of
the expression of BCMA that would be lower than that of MM
(121). However, data with a novel academic BCMA-CART
(HBIO101) are encouraging (122). Nine patients with RRAL
amyloidosis had a median of six lines of therapy, all triple-
refractory, seven of whom have cardiac involvement (including
four with MAYO-stage 3a/3b); six patients received CART cells at a
dose of 800 x 10° and the remaining patients received a lower dose.
Grade 3 CRS was seen in two out of nine patients, whereas in five
out of nine patients, grades 1-2 CRS was seen, and no patients
developed ICANS or died because of side effects. Among eight
evaluable patients for response, 100% achieved hematologic
response, which was CR in five out of eight patients; moreover,
five out of eight patients obtained MRD negativity at a level of 10-5.
Table 4 summarizes the main ongoing trials in relapsed and
refractory AL amyloidosis.

6.2 Thrombotic and hemorrhagic risk
and management

Both thromboembolic and hemorrhagic risks are increased in
patients with AL amyloidosis, and their management has been
poorly emphasized so far. The rate of thromboembolic events is
approximately 5%-10% in patients with amyloidosis and lower in
patients with cardiac involvement, in whom the main risk factor is
atrial myopathy and the impaired contractile function, along with
atrial fibrillation and heart failure in general (123, 124). Cardiac
thrombi are observed in up to 30% of patients (125-127). Experts at
the last ASH Meeting defined nephrotic syndrome and the use
of immunomodulatory drugs as factors favoring thrombosis,
particularly deep vein thrombosis, renal vein thrombosis, often
asymptomatic pulmonary embolus, and rarely cerebral vein
thrombosis or arterial ones. Current recommendations advise the
use of prophylactic antithrombotic treatment (vitamin K
antagonist, low-molecular-weight heparin, or aspirin) in patients
receiving IMID-based therapy, borrowing data from MM (128,
129). However, gastrointestinal involvement causing bleeding,
factor X deficiency especially if <50%, severe cytopenias, liver
amyloidosis involvement, and dysautonomia should be
considered as contraindications to starting an antithrombotic
therapy (123). Prospective studies are needed to specify when and
how to prescribe preventive antithrombotic therapy in this specific
population. On the other hand, the bleeding risk increases because
of gastrointestinal hemorrhage for amyloid digestive involvement,
factor X deficiency, renal failure leading to platelet dysfunction, and
increased risk of autonomic dysfunction with orthostatic
hypotension and falls. Bleeding is more common in AL
amyloidosis than in thromboembolism. Cutaneous and
gastrointestinal sites are the most common bleeding sites (130);
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TABLE 4 Ongoing trials in relapsed refractory AL amyloidosis.

Trial Phase Intervention Trial ID
Daratumumab and
lidomide i iousl: Darati b
pomali on'rl e in Prewous ly 1 ara urrmmer NCT04895917
treated patients with + pomalidomide
AL amyloidosis
Daratumumab,
pomalidomide and
dexamethasone (DPd) in Daratumumab +
relapsed/refractory light- I pomalidomide NCT04270175
chain amyloidosis patients + dexamethasone
previously exposed
to daratumumab
$1702 Isatuximab in treating
patients with relapsed or .
I Isatuximab NCT03499808
refractory
primary amyloidosis
Venetoclax-dexamethasone Phase 1: dose
in relapsed and/or refractory escalation to
t(11;14) amyloidosis determine MTD
and RP2D of
venetoclax +
dexamethasone
Phase 2:
i ase = NCT05451771
randomized
study to compare
venetoclax +
dexamethasone
vs.
investigator’s
choice
Venetoclax, MLN9708
(Ixazomib citrate), and
Venetoclax +
dexamethasone for the i i
I ixazomib NCT04847453
treatment of relapsed or
. + dexamethasone
refractory light-
chain amyloidosis
A study of belantamab
fodotin i i ith Bel
mafodotin in patients wit I e antarrrab NCT04617925
relapsed or refractory AL mafodotin
amyloidosis (EMN27)
Phase 1/2 study of ZN-d5
ase 1/2 study o ZN-d5 (highly
for the treatment of relapsed .
X /11 BCL-2-selective NCT05199337
or refractory light- o
R o BCL-2 inhibitor)
chain amyloidosis
Phase 1/2 study of
1 fodotin i Bel
belantamab mafodotin in VI e antarrrab NCT05145816
relapsed or refractory mafodotin
AL amyloidosis
Study of the safety arld STL.6129 (anti-
efficacy of STI-6129 in .
X i CD38-Duostatin
patients with relapsed or /1 . NCT04316442
. 5.2 antibody-
refractory systemic )
L dug conjugate)
AL amyloidosis
A study of JNJ-79635322 in
e el
Ty muttiple my 1 (trispecific NCT05652335
or previously treated .
i . antibody)
amyloid light-chain
(AL) amyloidosis
(Continued)
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TABLE 4 Continued

Trial Phase Intervention  Trial ID

FKC288 for rel

fC fs or r: ap‘se(li‘ 0}; I FRC288 NCT05978661
refractor emic light-

actory systemic lig (CAR T cells)

chain amyloidosis
Study of NXC-201 CAR-T
. . T . NXC-201
in patients with light-chain I (CAR T cells) NCT06097832
amyloidosis (NEXICART-2)
A study to investigate safety
and efficacy with SAR445514
SAR445514 in participants (NK-cell engager
with relapsed/refractory /1L targeting B-cell NCT05838626

maturation
antigen, BCMA)

multiple myeloma and
relapsed/refractory light-
chain amyloidosis

abnormal coagulation tests have been demonstrated in 14%-32% of
cases, and subnormal factor X have been indicated in 14% of cases
due to abnormal adsorption, with thrombocytopenia and von
Willebrand disease being very uncommon (131-133). Vigilance is
needed to recognize these issues and appropriate prophylaxis
measures, especially before procedures, can reduce complications
and improve outcomes. Further data are needed to better
understand mechanisms of bleeding complications and find
therapies to manage them.

6.3 Challenging settings

Because organ failure is common in AL amyloidosis, solid organ
transplantation could become an urgent need in some particular
situations. It is controversial because of the multisystem nature of
this disease and its recurrence risk in the allograft (134). For several
years, the role of solid organ transplantation in the management of
AL amyloidosis remained debatable, but the introduction of newer
therapies that can induce very deep and long-lasting hematologic
responses changes this perception (135-137). Renal transplant is
more commonly performed, but definite selection criteria do not
exist. However, it is reasonable to consider either patients with
isolated renal AL or patients without severe dysfunction of other
involved organs who have achieved at least a VGPR. In some
patients, post-renal transplant ASCT could be carried out to
improve hematologic response. Ongoing data collection may help
to clarify selection criteria for optimal outcomes. Very rare cases of
multiorgan transplantation have been described, involving the
kidney, heart and liver (138).

Peripheral neuropathy is another difficult clinical setting to
manage, which could represent a clinical manifestation of nerve AL
amyloidosis or a side effect of therapy (mostly bortezomib). The
incidence of peripheral neuropathy in AL amyloidosis varies from
9.6% to 35%, typically symmetrical and length-dependent, affecting
the lower limb, and slowly progressing with severe pain. Autonomic
neuropathy is a particularly severe complication manifesting with
gastroparesis, diarrhea or constipation, impotence, and severe
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postural hypotension (139). Early diagnosis is very difficult in this
neurological AL amyloidosis setting, but starting therapy at the
earliest possible time is crucial to obtain a clinical organ response.

7 Conclusion

AL amyloidosis is a rare disease, but in recent years, this
diagnosis has become more frequent because of the rising
awareness of clinicians and the multidisciplinary management of
suspicious clinical signs. It is crucial to make a rapid diagnosis for
this disease, preferably a histological one, and to start the correct
therapy as soon as possible. The goal of therapy is twofold: (1) to
promptly avoid organ failure and (2) to eliminate the underlying
plasma cell or B-cell clone to decrease the risk of progressive organ
fibril deposition and consequent organ damage. Newer therapies
increase the probability of achieving not only a hematological
response but also an organ response, and other therapies are
ongoing to further improve outcomes.
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