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Abstract
Systemic light chain (AL) amyloidosis is caused by an usually small B cell clone that produces a toxic light chain forming 
amyloid deposits in tissue. The heart and kidney are the major organs affected, but all others, with the exception of the CNS, 
can be involved. The disease is rapidly progressive, and it is still diagnosed late. Screening programs in patients followed by 
hematologists for plasma cell dyscrasias should be considered. The diagnosis requires demonstration in a tissue biopsy of 
amyloid deposits formed by immunoglobulin light chains. The workup of patients with AL amyloidosis requires adequate 
technology and expertise, and patients should be referred to specialized centers whenever possible. Stagings are based on 
cardiac and renal biomarkers and guides the choice of treatment. The combination of daratumumab, cyclophosphamide, 
bortezomib and dexamethasone (dara-CyBorD) is the current standard of care. Autologous stem cell transplant is performed 
in eligible patients, especially those who do not attain a satisfactory response to dara-CyBorD. Passive immunotherapy 
targeting the amyloid deposits combined with chemo-/immune-therapy targeting the amyloid clone is currently being tested 
in controlled clinical trials. Response to therapy is assessed based on validated criteria. Profound hematologic response is 
the early goal of treatment and should be accompanied over time by deepening organ response. Many relapsed/refractory 
patients are also treated with daratumumab combination, but novel regimens will be needed to rescue daratumumab-exposed 
subjects. Immunomodulatory drugs are the current cornerstone of rescue therapy, while immunotherapy targeting B-cell 
maturation antigen and inhibitors of Bcl-2 are promising alternatives.

1 Introduction

Systemic light chain (AL) amyloidosis is caused by a B 
cell clone producing a light chain that undergoes confor-
mational changes and deposits in tissue in the form of 
amyloid fibrils [1]. This process causes progressive organ 
dysfunction and death if it is not arrested by effective 
therapy. The other most common form of systemic amy-
loidosis is caused by the deposition of transthyretin (both 
in its wild-type and mutated forms, ATTRwt and ATTRv, 
respectively). The clinical manifestations of AL and ATTR 
amyloidosis largely overlap, despite the biochemical and 
etiological differences [1]. In AL amyloidosis, the amyloid 
clone is most commonly formed of plasma cells (PCs) and 

it is generally small, with a median bone marrow plasma 
cell (BMPC) infiltrate of 10%. The amyloid PC clone 
shares characteristics found both in clones from patients 
with monoclonal gammopathy of uncertain significance 
(MGUS) and multiple myeloma (MM). For instance, in 
AL amyloidosis the mutational load is similar to that of 
MGUS and significantly lower than in MM [2]. In par-
ticular, the MM-driver genes are not recurrently mutated 
[3–5], and t(11;14) is the most common chromosomal 
abnormality (~50% of patients) and is associated with a 
lower frequency of subclones [6]. The use of certain light 
chain germline genes is associated with preferential organ 
involvement, with IGLV6-57, IGLV1-44, and IGKV1-33 
preferentially targeting the kidney, heart, and liver, respec-
tively [7–9]. The ability of monoclonal light chains to form 
amyloid depends on mutations in the variable region, caus-
ing low-fold stability and high protein dynamics [10]. In 
recent years, cryogenic electron microscopy studies eluci-
dated the structure of amyloid fibrils [11, 12] and showed 
that light chain aggregation involves extensive structural 
conversion of the variable region. Pre-clinical and clinical 
studies indicate that amyloid light chains directly impair 
cardiomyocyte function, linking improvement of cardiac 

 * Giovanni Palladini 
 giovanni.palladini@unipv.it

1 Department of Molecular Medicine, University of Pavia, 
Pavia, Italy

2 Amyloidosis Research and Treatment Center, Foundation 
“Istituto di Ricovero e Cura a Carattere Scientifico (IRCCS) 
Policlinico San Matteo”, Viale Golgi, 19, 27100 Pavia, Italy

http://crossmark.crossref.org/dialog/?doi=10.1007/s40265-022-01830-z&domain=pdf
http://orcid.org/0000-0001-5994-5138
http://orcid.org/0000-0002-2268-9422


204 G. Palladini, P. Milani 

Key Points 

Early and accurate diagnosis and typing of AL amyloido-
sis are vital to grant patients access to specific treatment 
when organ damage is still reversible.

Treatment should be risk-adapted, based on international 
guidelines, and specific clonal features, such as trans-
location t(11;14) and gain 1q21, may guide treatment 
choice.

Hematologic response to therapy should be assessed 
early and frequently. In patients obtaining complete 
response, minimal residual disease (MRD) evaluation 
should always be suggested in order to guide future deci-
sion making.

Novel treatment approaches are under evaluation espe-
cially in the relapsed/refractory setting and international 
collaborations should be favored.

involvement to the level of the circulating amyloid precur-
sor [13, 14]. This growing knowledge of disease mecha-
nisms was accompanied by an even faster development 
of our practical ability to diagnose and treat patients with 
AL amyloidosis thanks to biomarkers of organ and clonal 
disease and to novel, powerful regimens that were tested 
in controlled clinical trials.

2  Diagnosis

Systemic AL amyloidosis manifests with signs and symp-
toms of organ involvement (Table 1). However, these 
manifestations are deceitful because they often mimic 
symptoms and signs of more common diseases and can be 
overlooked for several months even in patients known to 
have a preexisting plasma cell dyscrasia [15]. Yet, combi-
nations of symptoms and signs related to different organs 
in the same patients can help identify the disease. The 
pathognomonic signs of amyloidosis can be identified only 
in a minority of cases and they often indicate advanced 
stages of the disease (Fig. 1). Based on the existence of 
a long pre-symptomatic phase, with elevated levels of 
amyloid free light chains (FLC) detectable in patients at 
least 4 years before the onset of symptoms of AL amy-
loidosis [16], we advocated a biomarker-based screen-
ing (especially N-terminal pro-natriuretic peptide type-B 
[NT-proBNP]) in patients known to have a monoclonal 

gammopathy with altered FLC ratio [17, 18]. The iden-
tification of patients with pre-symptomatic AL amyloi-
dosis before the onset of severe organ involvement may 
allow the delivery of more effective therapy, resulting in 
improved response rates and survival. The cost effective-
ness of this approach has yet to be proven in a prospective 
setting.

The diagnosis of AL amyloidosis needs to be biopsy 
proven. Our diagnostic algorithm is depicted in Fig. 2. Amy-
loid deposits can be found at non-invasive biopsy sites in a 
substantial proportion of patients. For instance, abdominal 
fat aspiration, probably the most common diagnostic pro-
cedure, has a sensitivity of 80% in AL amyloidosis [19]. 
The combination of abdominal fat aspirate and Congo red 
staining of bone marrow biopsy approaches a diagnostic sen-
sitivity of 90% [20]. The biopsy of minor salivary glands 
can find amyloid deposits in more than 50% of subjects 
with negative fat aspirates [21] and rectal biopsy may be 
also considered. However, when there is a strong clinical 
suspicion, the involved organ biopsy should be performed 
immediately in subjects with negative fat or bone marrow 
biopsies. Specific amyloid radiotracers are being developed 
that might become clinical tools to identify and localize 
amyloid deposits in patients [22]. A significant overlap of 
organ involvement and clinical manifestations exist between 
the most common forms of systemic amyloidosis [23]. Thus, 
once amyloid deposits are detected, unequivocal typing with 
adequate technology is mandatory to start the appropriate 
specific therapy. Although it has been proven that bisphos-
phonate scintigraphy tracers have a preferential uptake in the 
heart of patients with non-AL, most commonly transthyretin 
(ATTR), amyloidosis, substantial uptake can sometimes be 
found in the heart of patients with AL amyloidosis [24]. For 
this reason, the diagnosis of cardiac amyloidosis requires tis-
sue typing in all patients in whom a monoclonal component 
is found (Fig. 2) [25]. Because AL amyloidosis is the form of 
cardiac amyloidosis with the most rapid progression (some-
times a matter of few weeks) and should be considered a 
medical emergency, when cardiac amyloidosis is suspected, 
looking for the presence of the amyloid clone should be the 
first step and should then direct the workup towards a biopsy-
based or a possibly biopsy-free approach [23, 26]. However, 
the amyloid clone is usually small, and a combination of 
sensitive methods (immunofixation of serum and urine and 
measurement of FLC) should be employed to grant adequate 
sensitivity [27–30]. The International Society of Amyloido-
sis (ISA) recently surveyed the approach to tissue typing at 
referral centers emphasizing a still relevant heterogeneity 
of diagnostic approaches [31]. The Mayo Clinic researchers 
reported that the use of immunofluorescence in renal biop-
sies has inferior sensitivity and specificity compared with 
laser microdissection/mass spectrometry in the typing of AL 
amyloidosis [32]. Light microscopy immunohistochemistry 
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Table 1  Signs and symptoms of AL amyloidosis organ involvement

AL systemic light chain, NT-proBNP N-terminal pro-natriuretic peptide type-B

Organ involved Signs and/or symptoms

Heart Heart failure with preserved ejection fraction
Thickened ventricular walls and low voltages on electrocardiography
Fatigue
Dyspnea at rest or exertion
Hypotension (often postural)
Syncope
Peripheral edema
NT-proBNP (or BNP) increase, confirmed by imaging (cardiac magnetic resonance imaging or echocardiographic)

Kidney Peripheral edema
Nephrotic range proteinuria
Renal failure

Nervous system Autonomic
Postural hypotension
Erectile dysfunction
Alteration of gastrointestinal motility
 Gastro-emptying disorder, pseudo-obstruction, voiding dysfunction not related to direct organ infiltration

Peripheral
Carpal tunnel syndrome (often bilateral)
Symmetric lower extremity sensorimotor polyneuropathy (ascending, symmetric, small fiber/axonal)

Gastrointestinal tract Bleeding (especially if factor X deficiency associated)
Malabsorption
Weight loss
Diarrhea

Liver Hepatomegaly
Increased alkaline phosphatase

Soft tissue Macroglossia
Claudication, presumed vascular amyloid
Periorbital purpura
Submandibular enlargement/gland swelling
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Fig. 1  A Overall survival according to the presence of sympto-
matic organ involvement. Continuous line—no heart involvement 
(N = 240), median survival 151 months. Dotted line—asymptomatic 
heart involvement (N = 215), median survival 63 months. Small-dot 
line—symptomatic heart involvement (N = 835), median survival 15 
months. B Renal survival according to the presence of symptomatic 

renal involvement. Plane line—asymptomatic renal involvement (pro-
teinuria <3 g/24 h), N = 578, dialysis 21% @ 2 years, 28% @ 5 years. 
Dotted line—symptomatic renal involvement (proteinuria >3 g/24 h), 
(N = 578): dialysis 21% @ 2 years, 28% @ 5 years. Data reported are 
from the prospectively maintained database from the Pavia Amyloi-
dosis Center
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with commercial antibodies lacks specificity and can lead to 
dangerous mistyping [33, 34]. Thus, light chain microscopy 
immunohistochemistry grants adequate diagnostic accuracy 
only when performed with amyloid-specific antibodies [31, 
35]. Commercial antibodies can be reliably employed with 
electron microscopy allowing to correctly classify > 99% of 
patients [19]. Mass spectrometry-based typing is not anti-
body-dependent and can be performed after laser capture 
microdissection of relevant amyloid-rich tissue areas or on 
whole tissue and is currently considered the gold standard 
for amyloid typing [36, 37].

In patients with a positive biopsy, organ involvement is 
defined by clinical chemistry testing and cardiac imaging. 
Albuminuria followed by progressive reduction of estimated 
glomerular filtration rate (eGFR) reveals renal involvement 
and increased levels of cholestasis markers uncover liver 
involvement. In patients with heart involvement, echocardi-
ography can detect increased ventricular wall thickness with 
preserved ventricular size and atrial enlargement, reduced 
left ventricular global longitudinal strain (GLS) with pre-
served apical strain (basal-apical gradient), diastolic dys-
function, valve thickening, atrial septum hypertrophy, and 
mild pericardial and pleural effusions. Cardiac magnetic 
resonance shows diffuse or patchy subendocardial or trans-
mural pattern late gadolinium enhancement (LGE), atrial 
LGE, abnormal myocardium and blood-pool gadolinium 
kinetics, increased native T1 mapping values, and elevated 
extracellular volume fraction.

Prognostic stratification is performed with accurate 
biomarker-based staging systems that sharply discriminate 
patients with different outcomes (Table 2) [38–45]. While 
patients diagnosed at early stages of cardiac and renal 

involvement can enjoy prolonged survival and avoid end-
stage renal disease, subjects with advanced heart involve-
ment (stage IIIb with the Mayo Clinic/European staging 
system) have a median survival of only a few months.

3  Therapy

3.1  Upfront Therapy

The treatment of patients with AL amyloidosis has long been 
based on retrospective series and expert opinions, with very 
few controlled studies. It is only in the last couple of years 
that two large Phase III trials proved that bortezomib-based 
therapy is superior to the old standard of care and that the 
addition of daratumumab further improves the outcomes 
(Table 3). These studies were made possible by the avail-
ability of validated criteria of hematologic response [46, 
47] that were used as primary endpoints, as well as of car-
diac [46, 48] and renal [43–45] response (Table 4). These 
biomarker-based response criteria can be used early (1 to 6 
months) after treatment initiation [49–51] and consistently 
predict survival and time to dialysis.

In an international academic study, melphalan dexameth-
asone (MDex) was compared to MDex with the addition 
of bortezomib (BMDex) [52]. The three-drug combination 
granted more frequent and deeper hematologic responses 
and prolonged overall survival. More recently, a large Phase 
III trial showed that the combination of daratumumab, 
cyclophosphamide, bortezomib, and dexamethasone (Dara-
CyBorD) granted significantly higher rates of hematologic 
and organ responses than CyBorD alone [53]. Importantly, 

Fig. 2  Diagnostic algorithm for the diagnosis of systemic amyloidosis. BMPC bone marrow plasma cell infiltrate, eGFR estimated glomerular 
filtration rate, IFE immunofixation, FLC free light chain, UACR  urinary albumin to creatinine ratio
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the rate of complete hematologic response (CR) was unprec-
edentedly high (54%) with Dara-CyBorD. Based on these 
results Dara-CyBorD became the new standard-of-care and 
the first licensed combination for AL amyloidosis.

A Phase III trial published in 2007 compared autologous 
stem cell transplantation (ASCT) with MDex and showed 
no benefit for ASCT [54]. However, this study was con-
ducted with an outdated comparator and was performed 
before the eligibility criteria for ASCT were refined with 
the introduction of cardiac biomarkers. The use of these cri-
teria resulted in substantially decreased transplant-related 
mortality (TRM). It is now clearly recognized that patients 
with elevated N-terminal pro-natriuretic peptide type-
B (NT-proBNP) and troponin should not be transplanted 
because they are at very high risk of death [55]. With refined 
eligibility criteria, TRM can be as low as 2–3%, and the 
hematologic response rate to ASCT (overall 84%, CR 39%, 
very good partial response [VGPR] 33%) is remarkable [56]. 
Moreover, we have a large series of transplanted patients 
with a very long follow-up and we know that hematologic 
response to ASCT is durable [57], while we still lack these 
data for newer non-transplant approaches.

Based on this evidence, the International Society of Amy-
loidosis (ISA) and the European Hematology Association 
(EHA) recently issued guidelines for the treatment of AL 
amyloidosis [58, 59]. The first step in the design of the thera-
peutic strategy should be to assess the eligibility to ASCT 
based on age, cardiac biomarkers, and kidney and respira-
tory function. The ISA/EHA eligibility criteria are reported 
in Table 5. Transplant should be preceded by induction with 
Dara-CyBorD or CyBorD alone. Induction therapy improves 
the response rate in patients who have a BMPC infiltrate 
>10% [60]. Moreover, induction therapy may render eligible 
to ASCT subjects whose heart involvement was originally 
too advanced [61]. In addition, induction therapy alone may 
be enough to grant a durable and satisfactory response [62]. 
At our center, we offer ASCT-eligible patients a sequential 
treatment approach, offering transplant only to subjects who 
do not attain CR or VGPR after induction. With this strategy, 
hematologic response rate is high (overall 76%, CR 34%, 
VGPR 29%), median duration of response is 4.5 years, and 
TRM is less than 1% [62].

Patients who are not transplant candidates should receive 
Dara-CyBorD. Where daratumumab is still unavailable, 
CyBorD or BMDex are viable alternatives. Patients whose 
clones harbor the translocation (11;14) have poorer out-
comes with bortezomib, but not when melphalan and dara-
tumumab are used [63]. The recent ISA guidelines recom-
mended a reduction of the bortezomib dose in stage IIIb 
patients. In these patients, single agent daratumumab is an 
appealing option and is currently being tested in a European 
Phase II study [64]. Bortezomib may not be safely employed 

in patients with relevant peripheral neuropathy or pulmo-
nary fibrosis. Different case reports and small series reported 
a possible association of bortezomib-based treatment and 
pulmonary fibrosis [65, 66]. If daratumumab is not acces-
sible as a single agent, MDex or lenalidomide combinations 
can be considered in these subjects. In previously untreated 
patients, the overall hematologic response rate to the combi-
nation of cyclophosphamide, lenalidomide, and dexametha-
sone is 46% (CR 25%, VGPR 18%) [67].

Patients with an underlying IgM-producing lymphoplas-
macytic clone (approximately 5%) need a different approach. 
The ISA/EHA guidelines recommend the combination of 
rituximab and bendamustine in these patients [59]. Over-
all, 60% of patients respond to this combination (CR 14%, 
VGPR 32%) [68]. Rituximab can also be combined with 
cyclophosphamide or bortezomib [69], and the latter may 
be suitable for patients harboring clones with both PC and 
lymphoplasmacytic phenotype. Ibrutinib appears to have 
a significant toxicity in patients with AL amyloidosis and 
should be used with caution [70]. The use of other BTK 
inhibitors has not been yet evaluated in AL amyloidosis and 
needs further investigation, especially for the lower rate of 
cardiac effect reported [71].

All these approaches aim to reduce the supply of the 
amyloid precursor. Passive immunotherapy with monoclo-
nal antibodies is being explored to promote resorption of 
the amyloid deposits [72]. For now, this strategy has met 
with limited clinical success. The clinical development 
of dezamizumab, a monoclonal antibody targeting serum 
amyloid P component (SAP), combined with the circulat-
ing SAP-depleting small molecule miridesap, is expected 
to remove SAP from amyloid fibrils; thus, exposing them to 
degradation, was interrupted due to an unfavorable risk/ben-
efit ratio [73]. Birtamimab targets a conformational epitope 
in serum amyloid A (cross-reacting with misfolded light 
chain). After encouraging results from an uncontrolled study 
showing organ responses in patients receiving the antibody 
after chemotherapy, two controlled study of birtamimab 
combined with chemotherapy or in chemotherapy-exposed 
patients were interrupted for futility. Yet, a post hoc analy-
sis showed that revised Mayo Clinic stage IV patients with 
NT-proBNP ≤ 8500 ng/L receiving birtamimab with chemo-
therapy had a better outcome than controls [74]. A new con-
trolled study combining birtamimab and anti-PC treatment 
in this specific population is underway (NCT04973137). 
Finally, a recent Phase I study of anselamimab (CAEL-101), 
showed cardiac responses in patients receiving the antibody 
after chemotherapy [75]. Based on this encouraging obser-
vation, two controlled clinical trials are underway to assess 
the efficacy of anselamimab in combination with chemo-
therapy in patients with Mayo Clinic/European stage IIIa 
(NCT04512235) and IIIb (NCT04504825) AL amyloidosis.
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3.2  Assessment of Response and Progression

The outcome of patients with AL amyloidosis is tightly 
linked to the depth and speed of FLC reduction. The evalu-
ation of hematologic response is crucial for the subsequent 
treatment decision making. It is now widely accepted that at 
least VGPR should be reached early after treatment initia-
tion, ideally within the first month [49, 50]. This early and 
deep response can improve the outcome in patients with very 
advanced, stage IIIb heart involvement [49, 51]. Patients 
who do not attain a hematologic response within 2 months 
and VGPR within 4 months should be considered refractory 
and offered rescue therapy [76]. Upfront therapy should be 
continued until hematologic response plateaus and consoli-
dation with 2 additional cycles is generally recommended. 
There is no evidence in favor of maintenance therapy in AL 
amyloidosis with the non-daratumumab-based treatment 
approaches. Moreover, treatment with daratumumab is gen-
erally offered after Dara-CyBorD based on the ANDROM-
EDA study design, even if the maintenance part of the trial 
had no comparator arm [53]. Daratumumab maintenance 
treatment also seems reasonable in patients with large, mye-
loma-like clones [26].

Organ response depends on the quality of hematologic 
response. It can appear as early as 3 months after treatment 
initiation even in patients with advanced disease [51], and 
its frequency and depth continues to improve over time if 
hematologic response is maintained. Sometimes, organ 
response is not attained even in patients with hematologic 
CR. This might be due to irreversible organ involvement or 
persistent amyloid deposits. Yet, emerging evidence sug-
gests that the rate of organ response may exceed 90% in 
subjects in CR with undetectable minimal residual disease 
(MRD) [77–79]. These observations emphasize the role of 
minimal, even undetectable amounts of circulating amyloid 
light chains in preventing recovery of organ dysfunction. 
Also, continuous improvement up to normalization of organ 
involvement reveals that the level of hematologic response 
is able to invert the course of the disease. Indeed, it has been 
shown that organ response can be graded similar to hema-
tologic response, and depth of organ response is associated 
with improved survival [80, 81].

While we have validated measures of organ response that 
are largely used in individual patient management and as 
endpoints in clinical trials, we lack a validated definition of 
progression. The current definitions of cardiac and renal pro-
gression are associated with reduced survival and a higher 
rate of dialysis, respectively, and therefore cannot be used 
to trigger rescue treatment [43, 46]. There is no agreement 
on which level of increase of FLC concentration should be 
considered enough to start second-line therapy [82–84]. Yet, 
even small increases can precede ominous progression of 
organ dysfunction [85].

In an attempt to better understand the mechanisms of 
cardiac involvement and to provide additional endpoints 
for clinical trials that do not rely on cardiac biomarkers, 
other tools are currently being explored as measures of 
improvement of heart involvement in AL amyloidosis, but 
to date, none have been validated in independent series. 
For instance, a ≥ 33 m improvement in 6-minute walk test 
(6MWT) at 12 months correlates with hematologic response 
and predicts survival [86]. However, 6MWT improvement 
is rarely observed at earlier timepoints, possibly because 
of the effects anti-PC therapy. Global longitudinal strain 
(GLS) is an echocardiographic measure of left ventricular 
systolic function. An improvement of GLS of at least − 2% 
at 12 months was associated with the depth of hematologic 
response and predicted survival improving the discriminat-
ing ability of NT-proBNP response [87]. Reduction of extra-
cellular volume (ECV) by at least 5% at cardiovascular mag-
netic resonance (CMR) is associated with hematologic and 
NT-proBNP response and predicts survival [88]. It is rarely 
(3% of patients) observed at 6 months, and its frequency 
increases with time after anti-PC therapy. One common limi-
tation of these new proposed measures of cardiac response 
is that they only become relevant after a long period of time 
(12 months) after treatment initiation, thus limiting their 
usefulness in early assessment of treatment efficacy and as 
endpoints in clinical trials.

3.3  Treatment of Relapsed and Refractory Patients

The choice of rescue treatment of patients with AL amyloi-
dosis was also addressed in the ISA/EHA guidelines [59] 
and considers exposure and response to agents used up-front 
(summarized in Fig. 3). These indications are based on sev-
eral large retrospective series and small Phase II studies. 
If hematologic response was prolonged, re-challenge with 
effective agents used up-front seems reasonable. Compared 
with switch to a different approach this is associated with 
shorter progression-free but not overall survival [89].

Only one controlled clinical trial has been performed in 
the relapsed/refractory setting. The study compared ixa-
zomib-dexamethasone with physician’s choice (which was 
lenalidomide-based in 57% of cases) [90]. Unfortunately, the 
study failed to meet its primary endpoint, overall hemato-
logic response at 3 months (53% with ixazomib and 51% in 
the comparator arm). Hematologic response rate to ixazomib 
tended to be higher in proteasome inhibitor-naïve patients 
(63% vs 41%, CR 33% vs 18%). Cardiac (18% vs 5%) and 
renal (28% vs 7%) responses were more frequent, and time 
to next treatment was significantly longer in patients treated 
with ixazomib, but there was no difference in overall sur-
vival. Immunomodulatory drugs are still the cornerstone 
of rescue therapy, but deep hematologic responses are rare. 
The combination of lenalidomide and dexamethasone was 
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reported to grant a hematologic response in 31% of patients 
(CR 5%, VGPR 15%) in a recent large retrospective study 
[91]. Lenalidomide should be used with caution in AL amy-
loidosis. The maximum tolerated dose is 15 mg/day, and 
this drug is associated with eGFR decrease in patients with 
proteinuria from amyloid renal involvement [92]. A large 
European retrospective study showed that pomalidomide 
and dexamethasone grant a hematologic response of 44% 
(CR 3%, VGPR 23%) in heavily pretreated subjects who 
were mostly refractory to bortezomib and lenalidomide [93]. 
A possible advantage of pomalidomide compared to lena-
lidomide is the possible use in patients with advanced renal 
failure. Immunomodulatory drugs are associated with an 

increase in cardiac biomarkers and possible IMID-induced 
fluid retention that interferes with cardiac response assess-
ment [94].

Daratumumab has been extensively used, either alone or 
in combination, in the relapsed/refractory setting. However, 
the Heidelberg and Boston University groups independently 
reported a detrimental effect on response rates and survival 
of amp(1q21) in patients treated with daratumumab as res-
cue therapy [95–97]. Daratumumab monotherapy was tested 
in 2 independent Phase II trials that gave discordant results 
in terms of hematologic response: 90% (CR 41%, VGPR 
45%) and 55% (CR 8%, VGPR 40%) in the Boston Uni-
versity and European studies, respectively [98, 99]. This 

Fig. 3  A ISA/EHA guidelines for the treatment of newly diagnosed 
AL amyloidosis patients. B ISA/EHA guidelines for the treatment of 
relapsed/refractory systemic light chain (AL) amyloidosis patients. 
BD bortezomib, dexamethasone, BMDex bortezomib, melphalan, 
dexamethasone, CyBorD cyclophosphamide, bortezomib, dexametha-

sone, Dara daratumumab, IMiDs immunomodulatory drug, LenD 
lenalidomide and dexamethasone, MDex melphalan and dexametha-
sone, PI proteasome inhibitor, PomaD pomalidomide, dexametha-
sone. Adapted from Wechalekar et al Amyloid 2022 [59]
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discrepancy was probably due to a higher proportion of 
refractory subjects in the latter trial. Patients who did not 
receive bortezomib up-front can be offered daratumumab-
bortezomib combinations. This combination is highly effec-
tive in daratumumab-naïve subjects, granting a hematologic 
response in 66% of patients (CR 11%, VGPR 55%) [95]. 
Daratumumab can be combined with lenalidomide in sub-
jects who received bortezomib up-front. A large retrospec-
tive study showed that this combination is very effective 
(hematologic response 84%, CR 16%, VGPR 65%) [96].

Patients whose amyloid clones harbor the translocation 
(11;14) can be very effectively treated with venetoclax. This 
drug was reported to grant a VGPR or better in almost 80% of 
patients with AL amyloidosis and a t(11;14) [100].

Besides daratumumab, other immunotherapy approaches 
are being explored in patients with relapsed/refractory AL 
amyloidosis. Isatuximab was tested in a Phase II study and 
the first analysis was presented in 2020 [101]. No data are yet 
available regarding the use of this approach in daratumumab 
refractory patients. Belantamab mafodotin is a monoclonal 
antibody targeting the B-cell maturation antigen (BCMA) 
conjugated to a microtubule-disrupting agent, monomethyl 
auristatin F. Two recent independent retrospective reports 
found a total of 17 patients, 12 (71%) of whom responded 
and 7 (41%) attained CR [102, 103]. In addition, treatment 

with chimeric antigen receptor T (CAR-T) cells targeting 
BCMA has been attempted in heavily pretreated patients with 
AL amyloidosis. All the 5 treated patients achieved hemato-
logic CR and organ response [104, 105]. Bi-specific antibody 
approaches are under investigation in AL amyloidosis (i.e., 
NCT04557098).

4  Conclusions and Future Directions

Over the last decades, our understanding of the mecha-
nisms of AL amyloidosis has steadily improved, inspired 
by clinical observation. We have now identified several 
relevant targets in the amyloid cascade that will be tar-
geted by future therapeutic approaches. Validated response 
criteria based on biomarkers allowed the completion of 
meaningful clinical trials, and for the first time we have 
a licensed regimen for AL amyloidosis. There is hope to 
go beyond anti-clone therapy, becoming able to target the 
deposits with passive immunotherapy and possibly stabi-
lizing the amyloid light chain with small molecule, as was 
effectively done in transthyretin amyloidosis [106].

Yet, many unmet needs remain that should be addressed 
by future action.

Table 2  Staging systems for AL amyloidosis

cTnI cardiac troponin I, cTnT cardiac troponin T, dFLC difference between involved (amyloidogenic) and uninvolved circulating free light chain, 
eGFR estimated glomerular filtration rate, hs-cTnT high sensitivity cardiac troponin T, NT-proBNP N-terminal pro-natriuretic peptide type-B, 
UACR  urinary albumin/creatinine ratio

Staging system Markers and thresholds Stages

Cardiac (NT-proBNP based) [38, 39] NT-proBNP > 332 ng/L I. No markers above the cutoff
cTnT > 0.035 ng/mL(or cTnI > 0.01 ng/mL 

or hs-cTnT >50 ng/L)
II. One marker above the cutoff

IIIa. Both markers above the cutoff and NT-proBNP 
<8500 ng/L

IIIb. Both markers above the cutoff and NT-proBNP 
≥8500 ng/L

Revised Mayo Clinic [42] NT-proBNP > 1800 ng/L I. 0 markers above the cutoff
cTnT > 0.025 ng/mL(or hs-cTnT > 50 ng/L) II. One marker above the cutoff
dFLC > 180 mg/L III. Two markers above the cutoff

IV. Three markers above the cutoff
Cardiac (BNP based) [41] BNP > 81 ng/L I. No markers above the cutoff

cTnI > 0.1 ng/mL II. One marker above the cutoff
IIIa. Both markers above the cutoff and BNP <700 ng/L
IIIb. Both markers above the cutoff and BNP ≥700 ng/L

Renal (24-h proteinuria based) [43] eGFR ≤ 50 mL/min per 1.73  m2 I. Both eGFR above and proteinuria below the cutoffs
Proteinuria ≥ 5 g/24 h II. Either eGFR below or proteinuria above the cutoffs

III. Both eGFR below and proteinuria above the cutoffs
Renal (UACR based) [45] eGFR ≤ 50 mL/min per 1.73  m2 I. Both eGFR above and UACR below the cutoffs

UACR ≥ 3600 mg/g II. Either eGFR below or UACR above the cutoffs
III. Both eGFR below and UACR above the cutoffs
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Table 3  Outcomes of the recent Phase III trial in AL amyloidosis

BMDex bortezomib, melphalan, and dexamethasone, CR complete response, CyBorD cyclophosphamide, bortezomib, and dexamethasone, 
Dara-CyBorD daratumumab, cyclophosphamide, bortezomib and dexamethasone, MDex melphalan and dexamethasone, PR partial response, 
VGPR very good partial response.ggh
Staging is classified according to the Mayo Clinic / European system [40]. Hematologic and organ responses are defined according to the Inter-
national Society of Amyloidosis criteria [43, 46, 47].

Regimen Patients and staging Hematologic response Organ response

MDex [52] Total: 56 Overall: 57% Heart: 22%
Stage I: 13% CR: 20% Kidney: 43%
Stage II: 70% VGPR: 19%
Stage IIIa: 17% PR: 18%
Stage IIIb: 0%

BMDex [52] Total: 53 Overall: 81% Heart: 38%
Stage I: 13% CR: 23% Kidney: 39%
Stage II: 70% VGPR: 41%
Stage IIIa: 17% PR: 17%
Stage IIIb: 0%

CyBorD [53] Total: 193 Overall: 77% Heart: 22%
Stage I: 22% CR: 27% Kidney: 24%
Stage II: 42% VGPR: 22%
Stage IIIa: 33% PR: 28%
Stage IIIb: 3%

Dara-CyBorD [53] Total: 195 Overall: 92% Heart: 42%
Stage I: 24% CR: 54% Kidney: 53%
Stage II: 39% VGPR: 25%
Stage IIIa: 36% PR: 13%
Stage IIIb: 1%

Table 4  Validated hematologic and organ response criteria for AL amyloidosis

dFLC difference between amyloidogenic (involved) and non-amyloidogenic (uninvolved) free light chain concentrations, eGFR estimated glo-
merular filtration rate, FLC free light chains, M component monoclonal component

Response categories Criteria definition

Hematologic response References [46, 47]
Complete response (aCR) Both criteria must be met:

Absence of amyloidogenic light chains (either free and/or as part of a complete immunoglobulin) defined 
by negative immunofixation electrophoresis of both serum and urine

Either a FLC ratio within the reference range or the uninvolved FLC concentration is greater than involved 
FLC concentration with or without an abnormal FLC ratio

Very good partial response (VGPR) dFLC concentration <40 mg/L
Partial response (PR) dFLC decrease >50% compared to baseline
Stable / No response All other patients
Cardiac Response References [46, 48]
NT-proBNP response 30% and > 300 ng/L NT-proBNP decrease if baseline NT-proBNP ≥ 650 ng/L
BNP response 30% and > 50 ng/L BNP decrease if baseline BNP ≥ 150 ng/L
Renal response References [45, 43]
Renal response
  (24-h proteinuria)

≥30% decrease in proteinuria or drop of proteinuria below 0.5 g/24h in the absence of renal progression 
(defined as ≥25% decrease in eGFR)

Renal response
  (UACR)

≥30% decrease in UACR without ≥25% decrease in eGFR
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– First, we are still diagnosing this disease late and we 
need to increase our efforts to detect AL amyloidosis at 
earlier, possibly pre-symptomatic stages. A screening 
program in patients with monoclonal gammopathy of 
undetermined significance could be implemented.

– The access to adequate technologies for amyloid 
diagnosis and typing should be improved by favoring 
the access of patients to specialized centers directly, 
through networks, and possibly through tele-consulta-
tions.

– The availability of highly effective treatments raises the 
question on the accuracy and sensitivity in evaluating 
hematologic and organ response. Particularly, the pres-
ence of MRD should be tested in prospective clinical 
trials and the most appropriate methodology and timing 
for MRD assessment should be defined.

– We are still lacking validated criteria for progression. 
This is relevant for individual patient management and 
time to event point in clinical trial design. Identification 
and validation in an international setting are warranted.

– In the near future we will be confronted with an 
increasing number of patients relapsing after or refrac-
tory to daratumumab, and clinical trials (with Bcl-2 
inhibitors, bi-specific antibodies and alternative immu-
notherapy including CAR-T cells) should be designed 
to address this need.

These goals can be achieved by transparent coopera-
tion of patients, academia, regulatory agencies, pharma 
companies, and non-for-profit organizations each in their 
specific role.
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Table 5  Eligibility criteria for autologous stem cell transplant in AL amyloidosis [58]

DLCO diffusion capacity of carbon monoxide, ECOG Eastern Cooperative Oncology Group, eGFR estimated glomerular filtration rate, GI gas-
tro-intestinal, hs high sensitivity, NT-proBNP amino-terminal pro-natriuretic peptide type-B, NYHA New York Heart Association, SBP systolic 
blood pressure

Inclusion criteria Exclusion criteria

Between 18 and 65 years (patients aged 66–69 years can be considered 
at referral centers after careful multidisciplinary discussion)

Symptomatic and/or medically refractory ventricular and atrial 
arrhythmias

Supine SBP at least 90 mmHg Uncompensated heart failure
Performance status (ECOG) 0–2 (unless caused by peripheral  

neuropathy)
Orthostatic hypotension refractory to medical therapy

NYHA class I or II Symptomatic and/or medically refractory pleural effusions
Cardiac stage I or II (cardiac stage III patients can be considered at 

referral centers after careful multidisciplinary discussion)
Extensive GI involvement with evidence of active GI bleeding or risk 

of bleeding
Biomarkers:
NT-proBNP less than 5000 ng/L Factor X deficiency with factor X level of less than 25% or/and  

evidence of active bleeding
Troponin I less than 100 ng/L or troponin T less than 60 ng/L or  

hs-troponin T less than 75 ng/L
Direct bilirubin <2 mg/dL
eGFR greater than 50 ml/min/1.73  m2 (patients whose eGFR is between 

50 and 30 mL/min can be considered at referral centers after careful 
multidisciplinary discussion)

Patients on chronic and stable schedule of dialysis should not be 
excluded

Oxygen saturation of at least 95% on room air. DLCO greater than 50%



213Diagnosis and Treatment of AL Amyloidosis

References

 1. Merlini G, Dispenzieri A, Sanchorawala V, Schönland SO, Palla-
dini G, Hawkins PN, et al. Systemic immunoglobulin light chain 
amyloidosis. Nat Rev Dis Primers. 2018;4(1):38.

 2. Rossi A, Voigtlaender M, Janjetovic S, Thiele B, Alawi M, März 
M, et al. Mutational landscape reflects the biological continuum 
of plasma cell dyscrasias. Blood Cancer J. 2017;7(2): e537.

 3. Cuenca I, Alameda D, Sanchez-Vega B, Gomez-Sanchez D, Alig-
nani D, Lasa M, et al. Immunogenetic characterization of clonal 
plasma cells in systemic light-chain amyloidosis. Leukemia. 
2021;35(1):245–9.

 4. Chyra Z, Sevcikova T, Vojta P, Puterova J, Brozova L, Growk-
ova K, et al. Heterogenous mutation spectrum and deregulated 
cellular pathways in aberrant plasma cells underline molecu-
lar pathology of light-chain amyloidosis. Haematologica. 
2021;106(2):601–4.

 5. Huang XF, Jian S, Lu JL, Shen KN, Feng J, Zhang CL, et al. 
Genomic profiling in amyloid light-chain amyloidosis reveals 
mutation profiles associated with overall survival. Amyloid. 
2020;27(1):36–44.

 6. Bochtler T, Merz M, Hielscher T, Granzow M, Hoffmann K, 
Kramer A, et al. Cytogenetic intraclonal heterogeneity of plasma 
cell dyscrasia in AL amyloidosis as compared with multiple mye-
loma. Blood Adv. 2018;2(20):2607–18.

 7. Comenzo R, Zhang Y, Martinez C, Osman K, Herrera G. The 
tropism of organ involvement in primary systemic amyloidosis: 
contributions of Ig V(L) germ line gene use and clonal plasma 
cell burden. Blood. 2001;98(3):714–20.

 8. Perfetti V, Palladini G, Casarini S, Navazza V, Rognoni P, Obici 
L, et al. The repertoire of λ light chains causing predominant 
amyloid heart involvement and identification of a preferentially 
involved germline gene, IGLV1-44. Blood. 2012;119(1):144–50.

 9. Kourelis TV, Dasari S, Theis JD, Ramirez-Alvarado M, Kurtin 
PJ, Gertz MA, et al. Clarifying immunoglobulin gene usage in 
systemic and localized immunoglobulin light-chain amyloidosis 
by mass spectrometry. Blood. 2017;129(3):299–306.

 10. Oberti L, Rognoni P, Barbiroli A, Lavatelli F, Russo R, Mari-
tan M, et al. Concurrent structural and biophysical traits link 
with immunoglobulin light chains amyloid propensity. Sci Rep. 
2017;7(1):16809.

 11. Radamaker L, Lin YH, Annamalai K, Huhn S, Hegenbart U, 
Schönland SO, et al. Cryo-EM structure of a light chain-derived 
amyloid fibril from a patient with systemic AL amyloidosis. Nat 
Commun. 2019;10(1):1103.

 12. Swuec P, Lavatelli F, Tasaki M, Paissoni C, Rognoni P, Maritan 
M, et al. Cryo-EM structure of cardiac amyloid fibrils from an 
immunoglobulin light chain AL amyloidosis patient. Nat Com-
mun. 2019;10(1):1269.

 13. Imperlini E, Gnecchi M, Rognoni P, Sabidò E, Ciuffreda MC, 
Palladini G, et al. Proteotoxicity in cardiac amyloidosis: amyloi-
dogenic light chains affect the levels of intracellular proteins in 
human heart cells. Sci Rep. 2017;7(1):15661.

 14. Palladini G, Lavatelli F, Russo P, Perlini S, Perfetti V, Bosoni 
T, et al. Circulating amyloidogenic free light chains and serum 
N-terminal natriuretic peptide type B decrease simultaneously 
in association with improvement of survival in AL. Blood. 
2006;107(10):3854–8.

 15. Kourelis TV, Kumar SK, Go RS, Kapoor P, Kyle RA, Buadi FK, 
et al. Immunoglobulin light chain amyloidosis is diagnosed late 
in patients with preexisting plasma cell dyscrasias. Am J Hema-
tol. 2014;89(11):1051–4.

 16. Weiss BM, Hebreo J, Cordaro DV, Roschewski MJ, Baker TP, 
Abbott KC, et al. Increased serum free light chains precede the 

presentation of immunoglobulin light chain amyloidosis. J Clin 
Oncol. 2014;32(25):2699–704.

 17. Merlini G, Palladini G. Differential diagnosis of monoclonal 
gammopathy of undetermined significance. Hematol Am Soc 
Hematol Educ Program. 2012;2012:595–603.

 18. Merlini G, Wechalekar AD, Palladini G. Systemic light 
chain amyloidosis: an update for treating physicians. Blood. 
2013;121(26):5124–30.

 19. Fernandez de Larrea C, Verga L, Morbini P, Klersy C, Lavatelli 
F, Foli A, et al. A practical approach to the diagnosis of systemic 
amyloidoses. Blood. 2015;125(14):2239–44.

 20. Muchtar E, Dispenzieri A, Lacy MQ, Buadi FK, Kapoor P, Hay-
man SR, et al. Overuse of organ biopsies in immunoglobulin 
light chain amyloidosis (AL): the consequence of failure of early 
recognition. Ann Med. 2017;49(7):545–51.

 21. Foli A, Palladini G, Caporali R, Verga L, Morbini P, Obici L, 
et al. The role of minor salivary gland biopsy in the diagnosis 
of systemic amyloidosis: results of a prospective study in 62 
patients. Amyloid-J Protein Fold Disord. 2011;18:80–2.

 22. Kennel SJ, Stuckey A, McWilliams-Koeppen HP, Richey T, Wall 
JS. Tc-99m radiolabeled peptide p5 + 14 is an effective probe 
for SPECT imaging of systemic amyloidosis. Mol Imaging Biol. 
2016;18(4):483–9.

 23. Palladini G, Milani P, Merlini G. Management of AL amyloidosis 
in 2020. Blood. 2020;136(23):2620–7.

 24. Quarta CC, Zheng J, Hutt D, Grigore SF, Manwani R, Sach-
chithanantham S, et al. 99mTc-DPD scintigraphy in immuno-
globulin light chain (AL) cardiac amyloidosis. Eur Heart J Car-
diovasc Imaging. 2021;22(11):1304–11.

 25. Gillmore JD, Maurer MS, Falk RH, Merlini G, Damy T, Dis-
penzieri A, et al. Nonbiopsy diagnosis of cardiac transthyretin 
amyloidosis. Circulation. 2016;133(24):2404–12.

 26. Palladini G, Merlini G. How I treat AL amyloidosis. Blood. 
2022;139(19):2918–30.

 27. Bochtler T, Hegenbart U, Heiss C, Benner A, Cremer F, Volk-
mann M, et al. Evaluation of the serum-free light chain test 
in untreated patients with AL amyloidosis. Haematologica. 
2008;93(3):459–62.

 28. Katzmann J, Kyle R, Benson J, Larson D, Snyder M, Lust J, et al. 
Screening panels for detection of monoclonal gammopathies. 
Clin Chem. 2009;55(8):1517–22.

 29. Palladini G, Russo P, Bosoni T, Verga L, Sarais G, Lavatelli F, 
et al. Identification of amyloidogenic light chains requires the 
combination of serum-free light chain assay with immunofixation 
of serum and urine. Clin Chem. 2009;55(3):499–504.

 30. Palladini G, Jaccard A, Milani P, Lavergne D, Foli A, Bender S, 
et al. Circulating free light chain measurement in the diagnosis, 
prognostic assessment and evaluation of response of AL amyloi-
dosis: comparison of Freelite and N latex FLC assays. Clin Chem 
Lab Med. 2017;55(11):1734–43.

 31. Benson MD, Berk JL, Dispenzieri A, Damy T, Gillmore JD, 
Hazenberg BP, et al. Tissue biopsy for the diagnosis of amyloi-
dosis: experience from some centres. Amyloid. 2022;29(1):8–13.

 32. Gonzalez Suarez ML, Zhang P, Nasr SH, Sathick IJ, Kittana-
mongkolchai W, Kurtin PJ, et al. The sensitivity and specificity 
of the routine kidney biopsy immunofluorescence panel are infe-
rior to diagnosing renal immunoglobulin-derived amyloidosis by 
mass spectrometry. Kidney Int. 2019;96(4):1005–9.

 33. Satoskar AA, Efebera Y, Hasan A, Brodsky S, Nadasdy G, Dogan 
A, et al. Strong transthyretin immunostaining: potential pitfall in 
cardiac amyloid typing. Am J Surg Pathol. 2011;35(11):1685–90.

 34. Satoskar A, Burdge K, Cowden D, Nadasdy G, Hebert L, Nad-
asdy T. Typing of amyloidosis in renal biopsies: diagnostic pit-
falls. Arch Pathol Lab Med. 2007;131(6):917–22.

 35. Schönland SO, Hegenbart U, Bochtler T, Mangatter A, Hansberg 
M, Ho AD, et al. Immunohistochemistry in the classification of 



214 G. Palladini, P. Milani 

systemic forms of amyloidosis: a systematic investigation of 117 
patients. Blood. 2012;119(2):488–93.

 36. Vrana J, Gamez J, Madden B, Theis J, Bergen H, Dogan A. 
Classification of amyloidosis by laser microdissection and mass 
spectrometry-based proteomic analysis in clinical biopsy speci-
mens. Blood. 2009;114(24):4957–9.

 37. Brambilla F, Lavatelli F, Di Silvestre D, Valentini V, Rossi 
R, Palladini G, et al. Reliable typing of systemic amyloidoses 
through proteomic analysis of subcutaneous adipose tissue. 
Blood. 2012;119(8):1844–7.

 38. Dispenzieri A, Gertz M, Kyle R, Lacy M, Burritt M, Therneau T, 
et al. Serum cardiac troponins and N-terminal pro-brain natriu-
retic peptide: a staging system for primary systemic amyloidosis. 
J Clin Oncol. 2004;22(18):3751–7.

 39. Wechalekar AD, Schonland SO, Kastritis E, Gillmore JD, Dimo-
poulos MA, Lane T, et al. A European collaborative study of 
treatment outcomes in 346 patients with cardiac stage III AL 
amyloidosis. Blood. 2013;121(17):3420–7.

 40. Palladini G, Sachchithanantham S, Milani P, Gillmore J, Foli A, 
Lachmann H, et al. A European collaborative study of cyclophos-
phamide, bortezomib, and dexamethasone in upfront treatment 
of systemic AL amyloidosis. Blood. 2015;126(5):612–5.

 41. Lilleness B, Ruberg FL, Mussinelli R, Doros G, Sanchorawala V. 
Development and validation of a survival staging system incor-
porating BNP in patients with light chain amyloidosis. Blood. 
2019;133(3):215–23.

 42. Kumar S, Dispenzieri A, Lacy MQ, Hayman SR, Buadi FK, 
Colby C, et al. Revised prognostic staging system for light chain 
amyloidosis incorporating cardiac biomarkers and serum free 
light chain measurements. J Clin Oncol. 2012;30(9):989–95.

 43. Palladini G, Hegenbart U, Milani P, Kimmich C, Foli A, Ho 
AD, et al. A staging system for renal outcome and early markers 
of renal response to chemotherapy in AL amyloidosis. Blood. 
2014;124(15):2325–32.

 44. Visram A, Al Saleh AS, Parmar H, McDonald JS, Lieske JC, 
Vaxman I, et al. Correlation between urine ACR and 24-h pro-
teinuria in a real-world cohort of systemic AL amyloidosis 
patients. Blood Cancer J. 2020;10(12):124.

 45. Basset M, Milani P, Ferretti VV, Nuvolone M, Foli A, Benigna F, 
et al. Prospective urinary albumin/creatinine ratio for diagnosis, 
staging, and organ response assessment in renal AL amyloidosis: 
results from a large cohort of patients. Clin Chem Lab Med. 
2022;60(3):386–93.

 46. Palladini G, Dispenzieri A, Gertz MA, Kumar S, Wechalekar 
A, Hawkins PN, et al. New criteria for response to treatment 
in immunoglobulin light chain amyloidosis based on free light 
chain measurement and cardiac biomarkers: impact on survival 
outcomes. J Clin Oncol. 2012;30(36):4541–9.

 47. Palladini G, Schonland SO, Sanchorawala V, Kumar S, Wechale-
kar A, Hegenbart U, et al. Clarification on the definition of com-
plete haematologic response in light-chain (AL) amyloidosis. 
Amyloid. 2021;7:1–2.

 48. Lilleness B, Doros G, Ruberg FL, Sanchorawala V. Establish-
ment of brain natriuretic peptide—based criteria for evaluating 
cardiac response to treatment in light chain (AL) amyloidosis. 
Br J Haematol. 2020;188(3):424–7.

 49. Ravichandran S, Cohen OC, Law S, Foard D, Fontana M, Mar-
tinez-Naharro A, et al. Impact of early response on outcomes in 
AL amyloidosis following treatment with frontline Bortezomib. 
Blood Cancer J. 2021;11(6):118.

 50. Kastritis E, Fotiou D, Theodorakakou F, Dialoupi I, Migkou M, 
Roussou M, et al. Timing and impact of a deep response in the 
outcome of patients with systemic light chain (AL) amyloidosis. 
Amyloid. 2021;28(1):3–11.

 51. Basset M, Milani P, Foli A, Nuvolone M, Benvenuti P, Nanci M, 
et al. Early cardiac response is possible in stage IIIb cardiac AL 

amyloidosis and is associated with prolonged survival. Blood. 
2022;140:1964–71.

 52. Kastritis E, Leleu X, Arnulf B, Zamagni E, Cibeira MT, Kwok F, 
et al. Bortezomib, melphalan, and dexamethasone for light-chain 
amyloidosis. J Clin Oncol. 2020;38(28):3252–60.

 53. Kastritis E, Palladini G, Minnema MC, Wechalekar AD, Jac-
card A, Lee HC, et  al. Daratumumab-based treatment for 
immunoglobulin light-chain amyloidosis. N Engl J Med. 
2021;385(1):46–58.

 54. Jaccard A, Moreau P, Leblond V, Leleu X, Benboubker 
L, Hermine O, et  al. High-dose melphalan versus melpha-
lan plus dexamethasone for AL amyloidosis. N Engl J Med. 
2007;357(11):1083–93.

 55. Gertz MA, Lacy MQ, Dispenzieri A, Kumar SK, Dingli D, 
Leung N, et al. Refinement in patient selection to reduce treat-
ment-related mortality from autologous stem cell transplantation 
in amyloidosis. Bone Marrow Transplant. 2013;48(4):557–61.

 56. Sidiqi MH, Aljama MA, Buadi FK, Warsame RM, Lacy MQ, 
Dispenzieri A, et al. Stem cell transplantation for light chain 
amyloidosis: decreased early mortality over time. J Clin Oncol. 
2018;36(13):1323–9.

 57. Sanchorawala V, Sun F, Quillen K, Sloan JM, Berk JL, Seldin 
DC. Long-term outcome of patients with AL amyloidosis treated 
with high-dose melphalan and stem cell transplantation: 20-year 
experience. Blood. 2015;126(20):2345–7.

 58. Sanchorawala V, Boccadoro M, Gertz M, Hegenbart U, Kastritis 
E, Landau H, et al. Guidelines for high dose chemotherapy and 
stem cell transplantation for systemic AL amyloidosis: EHA-ISA 
working group guidelines. Amyloid. 2022;29(1):1–7.

 59. Wechalekar AD, Cibeira MT, Gibbs SD, Jaccard A, Kumar S, 
Merlini G, et al. Guidelines for non-transplant chemotherapy for 
treatment of systemic AL amyloidosis: EHA-ISA working group. 
Amyloid. 2022;15:1–15.

 60. Hwa YL, Kumar SK, Gertz MA, Lacy MQ, Buadi FK, Kourelis 
TV, et al. Induction therapy pre-autologous stem cell transplanta-
tion in immunoglobulin light chain amyloidosis: a retrospective 
evaluation. Am J Hematol. 2016;91(10):984–8.

 61. Manwani R, Hegenbart U, Mahmood S, Sachchithanantham 
S, Kyriakou C, Yong K, et al. Deferred autologous stem cell 
transplantation in systemic AL amyloidosis. Blood Cancer J. 
2018;8(11):101.

 62. Basset M, Milani P, Nuvolone M, Benigna F, Rodigari L, Foli 
A, et al. Sequential response-driven bortezomib-based therapy 
followed by autologous stem cell transplant in AL amyloidosis. 
Blood Adv. 2020;4(17):4175–9.

 63. Bochtler T, Hegenbart U, Kunz C, Granzow M, Benner A, 
Seckinger A, et al. Translocation t(11;14) is associated with 
adverse outcome in patients with newly diagnosed AL amy-
loidosis when treated with bortezomib-based regimens. J Clin 
Oncol. 2015;33(12):1371–8.

 64. Kastritis E, Minnema M, Dimopoulos M, Merlini G, Theo-
dorakakou F, Fotiou D, Huart A, Belhadj K, Leonidakis A, 
Manousou K, Sonneveld P, Palladini G. Efficacy and safety of 
daratumumab monotherapy in newly diagnosed patients with 
stage 3B light chain amyloidosis: a phase 2 study by the Euro-
pean myeloma network. Blood. 2021;138:2730.

 65. Li J, Chen S, Hu Y, Cai J. Bortezomib-induced severe pulmo-
nary complications in multiple myeloma: a case report and 
literature review. Oncol Lett. 2016;11(3):2255–60.

 66. Saglam B, Kalyon H, Ozbalak M, Ornek S, Keske S, Tabak L, 
et al. Bortezomib induced pulmonary toxicity: a case report and 
review of the literature. Am J Blood Res. 2020;10(6):407–15.

 67. Cibeira MT, Oriol A, Lahuerta JJ, Mateos MV, de la Rubia J, 
Hernandez MT, et al. A phase II trial of lenalidomide, dexa-
methasone and cyclophosphamide for newly diagnosed patients 



215Diagnosis and Treatment of AL Amyloidosis

with systemic immunoglobulin light chain amyloidosis. Br J 
Haematol. 2015;170(6):804–13.

 68. Manwani R, Sachchithanantham S, Mahmood S, Foard D, 
Sharpley F, Rezk T, et al. Treatment of IgM-associated immu-
noglobulin light-chain amyloidosis with rituximab-bendamus-
tine. Blood. 2018;132(7):761–4.

 69. Palladini G, Foli A, Russo P, Milani P, Obici L, Lavatelli F, 
et al. Treatment of IgM-associated AL amyloidosis with the 
combination of rituximab, bortezomib, and dexamethasone. 
Clin Lymphoma Myeloma Leuk. 2011;11(1):143–5.

 70. Pika T, Hegenbart U, Flodrova P, Maier B, Kimmich C, Schön-
land SO. First report of ibrutinib in IgM-related amyloidosis: 
few responses, poor tolerability, and short survival. Blood. 
2018;131(3):368–71.

 71. Tam CS, Opat S, D’Sa S, Jurczak W, Lee HP, Cull G, et al. A 
randomized phase 3 trial of zanubrutinib vs ibrutinib in symp-
tomatic Waldenstrom macroglobulinemia: the ASPEN study. 
Blood. 2020;136(18):2038–50.

 72. Nuvolone M, Nevone A, Merlini G. Targeting amyloid fibrils 
by passive immunotherapy in systemic amyloidosis. BioDrugs. 
2022;36(5):591–608.

 73. Wechalekar A, Antoni G, Al Azzam W, Bergström M, Bis-
was S, Chen C, et al. Pharmacodynamic evaluation and safety 
assessment of treatment with antibodies to serum amyloid P 
component in patients with cardiac amyloidosis: an open-label 
Phase 2 study and an adjunctive immuno-PET imaging study. 
BMC Cardiovasc Disord. 2022;22(1):49.

 74. Gertz M, Sanchorawala V, Wechalekar A, Ando Y, Koh Y, Nie 
N, Sheng X, Conrad A, Kastritis E. Birtamimab in patients 
with Mayo stage IV AL amyloidosis: rationale for confirmatory 
affirm-AL phase 3 study. J Clin Oncol. 2022;40:TPS8076.

 75. Edwards CV, Rao N, Bhutani D, Mapara M, Radhakrishnan 
J, Shames S, et al. Phase 1a/b study of monoclonal antibody 
CAEL-101 (11–1F4) in patients with AL amyloidosis. Blood. 
2021;138(25):2632–41.

 76. Muchtar E, Dispenzieri A, Gertz MA, Kumar SK, Buadi FK, 
Leung N, et al. Treatment of AL amyloidosis: mayo strati-
fication of myeloma and risk-adapted therapy (mSMART) 
consensus statement 2020 update. Mayo Clin Proc. 
2021;96(6):1546–77.

 77. Palladini G, Paiva B, Wechalekar A, Massa M, Milani P, Lasa 
M, et al. Minimal residual disease negativity by next-generation 
flow cytometry is associated with improved organ response in 
AL amyloidosis. Blood Cancer J. 2021;11(2):34.

 78. Staron A, Burks EJ, Lee JC, Sarosiek S, Sloan JM, Sanchorawala 
V. Assessment of minimal residual disease using multiparametric 
flow cytometry in patients with AL amyloidosis. Blood Adv. 
2020;4(5):880–4.

 79. Kastritis E, Kostopoulos IV, Theodorakakou F, Fotiou D, Gavri-
atopoulou M, Migkou M, et al. Next generation flow cytometry 
for MRD detection in patients with AL amyloidosis. Amyloid. 
2021;28(1):19–23.

 80. Muchtar E, Wisniowski B, Palladini G, Milani P, Merlini G, 
Schönland S, Veelken K, Hegenbart U, Dispenzieri A, Kumar 
K, Leung N, Kastritis E, Dimopoulos M, Liedtke M, Witteles 
R, Sanchorawala V, Szalat R, Landau H, Petrlik E, Lentzsch S, 
Coltoff A, Bladé J, Cibeira M, Cohen O, Foard D, Gillmore J, 
Lachmann H, Wechalekar A, Gertz M. Graded renal response 
criteria for light chain (AL) amyloidosis. Blood. 2021;138:2721.

 81. Muchtar E, Dispenzieri A, Wisniowski B, Palladini G, Milani P, 
Merlini G, Schönland S, Veelken K, Hegenbart U, Kumar S, Kas-
tritis E, Dimopoulos M, Liedtke M, Witteles R, Sanchorawala 
V, Szalat R, Landau H, Petrlik E, Lentzsch S, Coltoff A, Bladé J, 
Cibeira M, Cohen O, Foard D, Wechalekar A, Gertz M. Graded 
cardiac response criteria for AL amyloidosis: the impact of depth 
of cardiac response on survival. Blood. 2021;138:2720.

 82. Milani P, Gertz MA, Merlini G, Dispenzieri A. Attitudes about 
when and how to treat patients with AL amyloidosis: an interna-
tional survey. Amyloid. 2017;24(4):213–6.

 83. Palladini G, Merlini G. When should treatment of AL amyloi-
dosis start at relapse? Early, to prevent organ progression. Blood 
Adv. 2019;3(2):212–5.

 84. Sanchorawala V. Delay treatment of AL amyloidosis at 
relapse until symptomatic: devil is in the details. Blood Adv. 
2019;3(2):216–8.

 85. Palladini G, Milani P, Foli A, Basset M, Russo F, Perlini S, et al. 
Presentation and outcome with second-line treatment in AL amy-
loidosis previously sensitive to nontransplant therapies. Blood. 
2018;131(5):525–32.

 86. Cohen OC, Sathyanath A, Petrie A, Ravichandran S, Law S, 
Manwani R, et al. Prognostic importance of the 6 min walk test 
in light chain (AL) amyloidosis. Heart. 2022.

 87. Cohen OC, Ismael A, Pawarova B, Manwani R, Ravichandran 
S, Law S, et al. Longitudinal strain is an independent predictor 
of survival and response to therapy in patients with systemic AL 
amyloidosis. Eur Heart J. 2022;43(4):333–41.

 88. Martinez-Naharro A, Patel R, Kotecha T, Karia N, Ioannou A, 
Petrie A, Chacko L, Razvi Y, Ravichandran S, Brown J, Law S, 
Quarta C, Mahmood S, Wisniowski B, Pica S, Sachchithanan-
tham S, Lachmannm H, Moon J, Knight D, Whelan C, Venneri 
L, Xue H, Kellman P, Gillmore J, Hawkins P, Wechalekar A, 
Fontana M. Cardiovascular magnetic resonance in light-chain 
amyloidosis to guide treatment. Eur Heart J. 2022.

 89. Tandon N, Sidana S, Gertz MA, Dispenzieri A, Lacy MQ, 
Buadi FK, et al. Treatment patterns and outcome following ini-
tial relapse or refractory disease in patients with systemic light 
chain amyloidosis. Am J Hematol. 2017;92(6):549–54.

 90. Dispenzieri A, Kastritis E, Wechalekar AD, Schönland SO, 
Kim K, Sanchorawala V, et al. A randomized phase 3 study of 
ixazomib-dexamethasone versus physician’s choice in relapsed 
or refractory AL amyloidosis. Leukemia. 2022;36(1):225–35.

 91. Basset M, Kimmich CR, Schreck N, Krzykalla J, Dittrich T, Veel-
ken K, et al. Lenalidomide and dexamethasone in relapsed/refrac-
tory immunoglobulin light chain (AL) amyloidosis: results from 
a large cohort of patients with long follow-up. Br J Haematol. 
2021;195(2):230–43.

 92. Specter R, Sanchorawala V, Seldin DC, Shelton A, Fennes-
sey S, Finn KT, et  al. Kidney dysfunction during lenalido-
mide treatment for AL amyloidosis. Nephrol Dial Transplant. 
2011;26(3):881–6.

 93. Milani P, Sharpley F, Schönland SO, Basset M, Mahmood S, 
Nuvolone M, et al. Pomalidomide and dexamethasone grant rapid 
haematologic responses in patients with relapsed and refractory 
AL amyloidosis: a European retrospective series of 153 patients. 
Amyloid. 2020;27(4):231–6.

 94. Dispenzieri A, Dingli D, Kumar SK, Rajkumar SV, Lacy MQ, 
Hayman S, et al. Discordance between serum cardiac biomarker 
and immunoglobulin-free light-chain response in patients with 
immunoglobulin light-chain amyloidosis treated with immune 
modulatory drugs. Am J Hematol. 2010;85(10):757–9.

 95. Kimmich CR, Terzer T, Benner A, Dittrich T, Veelken K, 
Carpinteiro A, et al. Daratumumab for systemic AL amyloido-
sis: prognostic factors and adverse outcome with nephrotic-range 
albuminuria. Blood. 2020;135(18):1517–30.

 96. Kimmich CR, Terzer T, Benner A, Hansen T, Carpinteiro A, 
Dittrich T, et al. Daratumumab, lenalidomide, and dexametha-
sone in systemic light-chain amyloidosis: high efficacy, relevant 
toxicity and main adverse effect of gain 1q21. Am J Hematol. 
2021;96(7):E253–7.

 97. Szalat RE, Gustine J, Sloan JM, Edwards CV, Sanchorawala V. 
Predictive factors of outcomes in patients with AL amyloidosis 
treated with daratumumab. Am J Hematol. 2022;97(1):79–89.



216 G. Palladini, P. Milani 

 98. Sanchorawala V, Sarosiek S, Schulman A, Mistark M, Migre ME, 
Cruz R, et al. Safety, tolerability, and response rates of daratu-
mumab in relapsed AL amyloidosis: results of a phase 2 study. 
Blood. 2020;135(18):1541–7.

 99. Roussel M, Merlini G, Chevret S, Arnulf B, Stoppa AM, Perrot 
A, et al. A prospective phase 2 trial of daratumumab in patients 
with previously treated systemic light-chain amyloidosis. Blood. 
2020;135(18):1531–40.

 100. Premkumar VJ, Lentzsch S, Pan S, Bhutani D, Richter J, Jagan-
nath S, et al. Venetoclax induces deep hematologic remissions 
in t(11;14) relapsed/refractory AL amyloidosis. Blood Cancer J. 
2021;11(1):10.

 101. Parker T, Rosenthal A, Sanchorawala V, Landau H, Campagn-
aro E, Kapoor P, Neparidze N, Hagen P, Sarosiek S, Scott E, 
Hoering A, Durie B, Usmani S, Orlowski R. A Phase II Study of 
Isatuximab (SAR650984) NSC-795145) for Patients with Previ-
ously Treated AL Amyloidosis (SWOGS1702; NCT#03499808). 
Blood. 2020;ASH2020 abstract 728.

 102. Khwaja J, Bomsztyk J, Mahmood S, Wisniowski B, Shah R, 
Tailor A, et al. High response rates with single-agent belantamab 
mafodotin in relapsed systemic AL amyloidosis. Blood Cancer J. 
2022;12(9):128.

 103. Zhang Y, Godara A, Pan S, Toskic D, Mann H, Sborov D, et al. 
Belantamab mafodotin in patients with relapsed/refractory AL 
amyloidosis with myeloma. Ann Hematol. 2022;101(9):2119–21.

 104. Oliver-Caldes A, Jiménez R, Español-Rego M, Cibeira MT, 
Ortiz-Maldonado V, Quintana LF, et al. First report of CART 
treatment in AL amyloidosis and relapsed/refractory multiple 
myeloma. J Immunother Cancer. 2021;9(12).

 105. Kfir-Erenfeld S, Asherie N, Grisariu S, Avni B, Zimran E, 
Assayag M, et al. Feasibility of a novel academic BCMA-CART 
(HBI0101) for the treatment of relapsed and refractory AL amy-
loidosis. Clin Cancer Res. 2022.

 106. Yan S, Zhu H, Zhu A, Golabek A, Du H, Roher A, et al. Recep-
tor-dependent cell stress and amyloid accumulation in systemic 
amyloidosis. Nat Med. 2000;6(6):643–51.

Springer Nature or its licensor (e.g. a society or other partner) holds 
exclusive rights to this article under a publishing agreement with the 
author(s) or other rightsholder(s); author self-archiving of the accepted 
manuscript version of this article is solely governed by the terms of 
such publishing agreement and applicable law.


	Diagnosis and Treatment of AL Amyloidosis
	Abstract
	1 Introduction
	2 Diagnosis
	3 Therapy
	3.1 Upfront Therapy
	3.2 Assessment of Response and Progression
	3.3 Treatment of Relapsed and Refractory Patients

	4 Conclusions and Future Directions
	References




