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Diagnosis and Management of 
Immunoglobulin Light Chain Amyloidosis

Jason S. Starr, DO, and Taimur Sher, MD

INTRODUCTION

The term amyloidosis refers to a fascinating group 
of disorders that share a common pathogenesis of 
extracellular deposition of amyloid material. Funda-
mentally, it is a disorder of the secondary structure of 
select proteins whereby the amyloidogenic proteins are 
misfolded into a β-pleated sheet configuration, result-
ing in the formation of insoluble extracellular amyloid 
fibrils. The amyloid fibrils appear as amorphous eosino-
philic material when hematoxylin and eosin–stained 
tissue is examined under light microscope. Electron 
microscopy reveals remarkable similarity between the 
amyloid fibrils derived from different precursor pro-
teins in that they range from 7.5 to 10 nm in diameter. 
This ultrastructural similarity is the underlying basis for 
the characteristic red-green birefringence with Congo 
red staining observed under polarized microscopy, the 
pathological hallmark of the disease.1 

Despite the profound similarity in the biochemical 
composition of the amyloid, it is the nature and source 
of the precursor (amyloidogenic) protein that separate 
this homogeneous pathological entity into very distinct 
clinical disorders belonging to inflammatory, heredi-
tary, infectious, degenerative, and neoplastic categories. 
More than 25 precursor proteins have been identified 
whose structural variation can render them amyloido-
genic and result in various diseases ranging from 
Alzheimer’s dementia to familial amyloid polyneuropa-
thy, prion disease, senile amyloid cardiomyopathy, and 
primary systemic amyloidosis. Several schemas have 
been used for clinical classification of these disorders. 
The conventional classification of amyloidosis divides 
the disease into systemic and localized forms. Systemic 
amyloidosis is further divided into primary, secondary, 
and familial (hereditary) types. This review focuses on 
the diagnosis and management of primary systemic 
amyloidosis. 

Primary systemic amyloidosis is a fatal clonal plasma 
cell dyscrasia characterized by aberrant production of 
amyloidogenic immunoglobulin or its components. In 

the most common form of primary systemic amyloido-
sis (>90% of cases), immunoglobulin light chain (AL) 
is the precursor protein; hence, the disorder is referred 
to as AL amyloidosis.2 

ETIOLOGY AND EPIDEMIOLOGY

AL amyloidosis is a rare disease; each year nearly 
3000 new cases are diagnosed in the United States, 
which translates into 9 cases per million persons.3 The 
exact etiology of AL amyloidosis remains unknown. 
The predominance of lambda light chain as the patho-
genic light chain (kappa-to-lambda ratio of 1:3)4 and 
the use of a restricted repertoire of light chain variable 
region gene segments during the immunoglobulin 
gene recombination process by AL plasma cells are 
suggestive of a clonal selection process triggered by an 
as yet unidentified antigen.5 Interestingly, this restricted 
recombination is also hypothesized to impart relative 
organ tropism of the amyloidogenic light chain; for 
example, patients with clones from the 6a variable λVI 
germline gene segment are more likely to present with 
renal involvement.6 Most cases of AL amyloidosis pres-
ent as de novo disease; a small fraction of cases evolve 
from preexisting multiple myeloma or, rarely, from 
other immunosecretory malignancies such as Walden-
strom’s macroglobulinemia.7–10

CLINICAL FEATURES AND PRESENTATION

The clinical manifestations of AL amyloidosis result 
from organ dysfunction. The underlying basis for organ 
dysfunction is not completely understood, but pressure 
atrophy of the parenchymal tissue and direct cellular 
cytotoxicity are considered to be the major pathogenic 
mechanisms.12 AL amyloidosis can affect virtually any 
organ, but most commonly it affects kidney, periph-
eral nerves, heart, gastrointestinal tract, liver, and soft 
tissues. Frequently, more than one organ is involved, 
and the number of involved organs has been associ-
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ated with increased mortality.13 Since AL amyloidosis 
is a rare disease with presenting symptoms mimicking 
other common disorders, primary care physicians, 
and often specialists, do not include AL amyloidosis 
in the differential diagnosis. As a result, the diagnosis 
is frequently made in advanced stages, and this delay 
in diagnosis is the main reason for high mortality and 
morbidity associated with this disease.11

The most common clinical syndromes associated 
with AL amyloidosis include nephrotic syndrome, con-
gestive heart failure, and peripheral and autonomic 
neuropathy (Table 1). The presenting symptoms are 
often vague and include fatigue, dyspnea on exertion, 
edema, paresthesias, postural dizziness, and weight 
loss.14,15 The heart is the most common organ involved 
in AL amyloidosis, and patients frequently present 
with diastolic heart failure. Often, nephrotic-range 
proteinuria is the initial clinical feature discovered on 
urinalysis done as part of routine physical or insurance 
examination. Involvement of peripheral or autonomic 
nerves can result in disabling sensory neuropathy and 
orthostatic symptoms. Autonomic neuropathy or direct 
gastrointestinal tract involvement can cause formidable 
constipation or diarrhea associated with malabsorption. 
Amyloidosis should be suspected in every patient with 
chronic unexplained diarrhea and malabsorption, and 
clinicians should alert the pathologist of this suspicion 
so that colon or small bowel biopsies can be examined 
after proper staining with Congo red dye. Uncommon 
presentations include claudication of the jaw, calf, and 
limb, which occur due to small vessel involvement by 
amyloid deposits.10 Rarely, involvement of the small 
intramural blood vessels of the heart can produce exer-
tional angina and myocardial ischemia. 

Characteristic physical exam findings are very spe-
cific for AL amyloidosis but are present in a minority 
of patients. Macroglossia, a highly specific finding for 
AL amyloidosis was present in only 15% of patients in a 
large series.15,16 Salivary gland infiltration can occur and 
cause a sicca syndrome, which can be confused with 
Sjögren’s syndrome.17 Amyloid purpura is classically 
located in the periorbital region, but can also be seen 
on the arms, legs, and neck. Hepatosplenomegaly is 
seen in a quarter of patients.18 Lower extremity edema 
can be indicative of nephrotic syndrome and/or heart 
failure. Patients can have the so-called shoulder-pad 
sign, which results from pseudohypertrophy of the 
muscles due to amyloid infiltration of the soft tissue.19 
Similarly, periarticular amyloid deposition can result in 
thickening of synovium and periarticular soft tissue.20 
A small minority of patients can present with bleeding 
diathesis and coagulopathy, as extravascular amyloid 

can result in acquired deficiency of factor X. Patients 
with localized amyloidosis can present with symptoms 
attributable to infiltration of the area of involvement. 
For example amyloidomas in the laryngeal area result 
in hoarseness of voice, and infiltration of the lower uri-
nary tract can result in hematuria. 

Laboratory abnormalities commonly seen in AL am-
yloidosis include hypoalbuminemia (secondary to albu-
minuria) and elevated alkaline phosphatase (indicating 
liver involvement). With cardiac involvement, 2-dimen-
sional echocardiography can reveal a thickened left 
ventricular wall (>12 mm), diastolic dysfunction, and 
occasionally a “granular sparkling” appearance of the 
myocardium.21,22 

DIAGNOSTIC EVALUATION

Presentation with any of the above mentioned 
syndromes warrants initiation of a workup for the 
diagnosis of AL amyloidosis. The initial step involves 
demonstrating the presence of monoclonal gammopa-
thy. Serum protein electrophoresis (SPEP) is not an ad-
equate screening test because monoclonal light chains 
are not identified on SPEP in approximately 50% of 
AL amyloidosis patients. When combined with urine 
protein electrophoresis (UPEP) with immunofixation, 
SPEP with immunofixation can identify 90% of patients 
with AL amyloidosis.23 With the addition of the immu-
noglobulin free light chain assay, the detection rate in 
AL amyloidosis has improved to 96% to 99%.24,25 

If a monoclonal gammopathy and/or a skewed free 
light chain are identified, the next step in diagnosis 
is microscopic evaluation of appropriate tissue after 
staining with Congo red, as amyloidosis is a histologic 

Table 1. Most Common Presenting Clinical Syndromes 
Associated with AL Amyloidosis

Recent-onset congestive heart failure, usually with normal ejection 
fraction

Albuminuria (with or without renal insufficiency)

Peripheral neuropathy (most commonly sensory but can be auto-
nomic or motor)

Hepatomegaly with no identifiable etiology

Carpal tunnel syndrome (especially bilateral)

Macroglossia

Unexplained weight loss (occasionally associated with gastro- 
intestinal symptoms of pseudo-obstruction or malabsorption)

“Atypical” multiple myeloma
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diagnosis. Since amyloid material is best demonstrated 
in the perivascular soft tissue and false-positive stain-
ing with Congo red can occur, it is imperative that an 
experienced pathologist examine adequate tissue with 
optimal staining technique. At Mayo Clinic, we are able 
to establish the histologic diagnosis in the majority of 
patients with subcutaneous fat pad aspirate and bone 
marrow biopsy.26 The sensitivity of fat pad biopsy is 80% 
to 90%.27 A bone marrow biopsy is done to rule out 
multiple myeloma, and can also identify amyloid de-
posits in 50% of patients if the specimen contains blood 
vessels.28 In about 10% to 15% of cases, multiple my-
eloma can coexist with AL amyloidosis.29 Biopsies from 
rectum, gingival mucosa, and minor salivary glands 
are also sometimes used to confirm the diagnosis. If 
the fat pad aspirate and bone marrow biopsy are nega-
tive, we typically proceed with biopsy of the involved  
organ.

Once the diagnosis of amyloidosis is confirmed, it is 
imperative to determine the molecular subtype (pheno-
type) of the amyloidosis to differentiate primary from 
familial and secondary amyloidosis, as the management 
and prognosis of these diseases differ. At Mayo Clinic, 
we determine the phenotype by laser micro-dissection 
and ionization/time-of-flight mass spectrometry that 
has a sensitivity and specificity of 98% to 100%.30 

After confirmation of AL amyloidosis, the next step 
is to determine the extent of organ involvement, as this 

provides critical information about the prognosis and 
helps with treatment selection. Organ-specific workup 
is typically guided by the symptoms, and at a minimum 
includes 24-hour urine protein electrophoresis, electro-
cardiogram, and 2-dimensional echocardiogram and/
or magnetic resonance cardiac imaging. In patients 
who have neuropathy and orthostatic symptoms, we 
include nerve conduction studies and autonomic reflex 
testing. All patients with AL amyloidosis should under-
go coagulation screening as they can develop acquired 
factor X deficiency. 

MANAGEMENT

Once the diagnosis of AL amyloidosis has been 
unequivocally established, the next step is to advise 
the patient about prognosis and devise and imple-
ment the treatment plan. It is important to note that 
patients presenting with localized amyloidosis who do 
not have evidence of systemic disease do not need sys-
temic therapy and can be managed with local therapies 
such as surgery, radiation therapy, or endoscopic laser  
ablation. 

PROGNOSIS

AL amyloidosis is a fatal disease with an historically 
dismal outcome of 20% survival at 5 years.3,31,32 Cardiac 
complications are the major cause of mortality (ap-
proximately 75%), and patients with symptomatic car-
diac involvement have a 5-year survival of 2%. Adverse 
prognostic factors are listed in Table 3.31,33,34

A major advancement in the management of AL 
amyloidosis patients has been the establishment of the 
uniformly accepted Mayo prognostic staging system.35–38 
Using the biomarkers troponin-T (cutoff of 0.035 µg/L) 
and N-terminal pro–B-type natriuretic peptide (NT-
proBNP; cutoff 332 pg/mL), this system stratifies pa-
tients into 3 stages: I (both markers low), II (1 marker 
high and 1 low), and III (both markers high).39 Patients 
with stage I, II, and III disease had median survival of 
26.4, 10.5, and 3.5 months, respectively. This system 
has retained its prognostic significance in patients un-
dergoing high-dose therapy and stem cell transplant.40 
Recently, measurement of serum free light chain levels 
has become indispensible in determining the disease 
burden and treatment response in multiple myeloma. 
With the incorporation of free light chain measurement 
into the Mayo staging system of cardiac biomarkers, AL 
amyloidosis patients are stratified into 4 distinct stages, 
with prognosis ranging from 5.8 months for stage IV to 
94.1 months for stage 0 disease (Figure).41

Table 2. Workup for AL Amyloidosis

Initial workup
Serum protein electrophoresis with immunofixation

Serum free light chain assay

24-hour urine collection (protein quantification and urine protein 
electrophoresis)

Complete blood count

Complete metabolic panel

Liver function tests

Skeletal survey

If above testing is suggestive of AL, proceed with the following:
Fat pad biopsy with Congo red stain

Bone marrow aspiration and biopsy with Congo red staining

Echocardiogram (magnetic resonance imaging of the heart in 
select cases)

Troponin-T

N-terminal pro–B-type natriuretic peptide (NT-proBNP)

Tests in select situations include: gastric emptying studies, autonomic 
reflex testing, nerve conduction studies, and selective organ directed 
biopsies
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Recent studies have demonstrated that hematologic 
response, especially achievement of complete remis-
sion, is one of the strongest predictors of survival.33,42,43 
The Mayo experience in patients who have undergone 
autologous stem cell transplant showed that a normal-
ization of the affected free light chains after transplant 
was one of the best predictors of overall survival.43 Simi-
larly, Palladini and colleagues have noted improved 
survival with rapid hematologic response in AL patients 
not eligible for high-dose therapy.44

Other established prognostic factors include beta-2 
microglobulin,45 circulating plasma cells,46 plasma cell 
labeling index,45 number of organ systems involved,13,47 
and Howell-Jolly bodies on peripheral smear, a finding 
indicative of functional asplenia.48

TREATMENT

Treatment of AL amyloidosis involves a multifaceted 
approach that includes organ-directed supportive care 
and anti-plasma cell therapy to stop production of the 
amyloidogenic protein. The success of systemic therapy 
in multiple myeloma has been translated into its effec-
tive use in AL amyloidosis; however, critical differences 
exist between these 2 distinct clinical entities. Evidence 
from the 1980s and early 1990s suggests that the trans-
formed plasma cells in AL amyloidosis are much more 
sensitive to cytotoxic effects of chemotherapy than 
those of myeloma (see Chemotherapy section below). 
Furthermore, unlike myeloma, plasma cell prolifera-

tion in AL amyloidosis is minimal (average marrow 
involvement of approximately 7%),49 and the primary 
problem is the production of “sticky amyloid proteins” 
that damage vital organs, making them much more sus-
ceptible to adverse effects of antimyeloma therapy. This 
difference also leads to the second major challenge in 
AL amyloidosis—how to assess response to treatment.  

RESPONSE ASSESSMENT 

Until recently, one of the greatest challenges in the 
management of AL amyloidosis had been the inability to 
uniformly assess response to treatment. The availability 
and standardization of serum measurements of cardiac 
biomarkers (NT-proBNP and troponin-T) and immuno-
globulin free light chains have revolutionized the thera-
peutic paradigm by providing objective parameters that 
not only allow assessment of response to treatment, but 
also form the basis for disease staging and thereby allow 
objective comparisons of patients participating in clini-
cal trials. Moreover, recent studies have identified these 
parameters as the most influential predictors of survival 
and risk associated with specific treatment.39,40 

A recent consensus panel devised a response as-
sessment system that evaluates both the hematologic 
and organ response. Complete hematologic response 
is defined as no detectable monoclonal protein on 
SPEP and UPEP with immunofixation, normal free 
light chains, and bone marrow infiltration with less than 
5% plasma cells. A partial response was defined as a 

Table 3. Adverse Risk Factors Associated with AL Amyloidosis

Prognostic Factor Comment

Clinical findings

CHF and exertional syncope Patients with exertional syncope and advanced CHF have a median survival of 3 to 4 months

Jaundice Jaundice and hyperbilirubinemia are findings of advanced disease

Laboratory findings

Howell-Jolly Bodies Indicator of advanced disease

Circulating plasma cells

Elevated beta-2 microglobulin

Increased plasma cell labeling index

dFLC >18 mg/dL

Troponin-T >0.025 ng/mL Important factors that have been incorporated into 4-stage prognostic model

NT-ProBNP >1800 pg/mL

Echocardiogram findings

Interventricular septum thickness Median survival 1 year versus 4 years if thickness > or < 1.5 cm

Short mitral deceleration time Poor outcome for patients with deceleration <150 ms

Decreased fractional shortening Poor outcomes for patients with fractional shortening <20%

CHF = congestive heart failure; dFLC = difference between the involved and uninvolved serum free light chain; NT-ProBNP = N terminal of the pro-
hormone of brain natriuretic peptide.
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50% reduction in either the serum M protein, urine M 
protein, and/or involved free light chains. A very good 
partial response (VGPR) was defined in the updated 
consensus opinion as a greater than 90% decrease 
in the difference between involved/uninvolved light 
chains (dFLC).50 Palladini and colleagues51 investigated 
NT-proBNP as a surrogate marker of cardiac response 
and demonstrated that a 30% reduction and great-
er than 300 ng/L decrease from baseline correlated 
with improved overall survival. Additional indicators 
of organ response for cardiac involvement include a 
2-mm decrease in the interventricular septal thickness 
and 20% improvement in the ejection fraction. Renal 
response is defined by a 50% decrease of the 24-hour 
urine protein. Liver response includes a 50% decrease 
in the alkaline phosphatase value and decrease in liver 
size by at least 2 cm. 

SUPPORTIVE CARE

Organ dysfunction is the hallmark of AL amyloidosis, 
and organ-directed supportive care forms the corner-
stone of disease management. Patients with congestive 
heart failure should be managed by judicious use of 
diuretics to relieve pulmonary and systemic venous con-

gestion. At times, the use of diuretics becomes challeng-
ing as autonomic neuropathy significantly precipitates 
diuretic-induced hypotension. Angiotensin-converting 
enzyme inhibitors are effective in modulating myocar-
dial remodeling in congestive heart failure; however, 
they are often poorly tolerated by patients with AL amy-
loidosis who have advanced cardiac involvement. Use of 
inotropic agents should be carefully balanced against 
their arrhythmogenic potential; digitalis analogues have 
a special propensity to bind to amyloid fibrils, thereby 
significantly increasing their intracardiac concentra-
tion.52 Similarly, diltiazem should be avoided in cardiac 
amyloidosis as it can exacerbate heart failure.53 Ortho-
static hypotension can become a formidable problem in 
AL amyloidosis, and graduated compression stockings, 
fludrocortisone, and midodrine should be considered 
alone or in combination to maintain adequate venous 
return to avoid postural syncope.54 Cardiac transplant 
has been used in select cases with varying success, but 
this is not a standard approach.55,56 Implantable cardiac 
defibrillators have also been used in the setting of de-
pressed ejection fraction or malignant arrhythmias.57

Diuretics are very useful for edema associated with 
nephrotic syndrome; however, patients should be care-

Figure. Revised prognostic score derived from 801 previously untreated patients with AL amyloidosis seen at the Mayo Clinic. Patients 
were assigned a score of 1 for each of dFLC (difference between involved and uninvolved free light chain) ≥18 mg/dL, troponin-T ≥0.025 
ng/mL, and NT-ProBNP ≥1,800 pg/mL, creating stages I to IV with scores of 0 to 3 points, respectively. The proportions of patients with 
stages I, II, III, and IV disease were 189 (25%), 206 (27%), 186 (25%), and 177 (23%). (Figure created from the data from Kumar S, Dispenz­
ieri A, Lacy MQ, et al. Revised prognostic staging system for light chain amyloidosis incorporating cardiac biomarkers and serum free light 
chain measurements. J Clin Oncol 2012;30:989–95.)
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fully monitored for signs of low cardiac output result-
ing from low intravascular volume. In some resistant 
cases of nephrosis, renal artery embolization provides 
relief.58 Use of dialysis for patients with renal failure 
due to AL amyloidosis results in inferior outcomes as 
compared to dialysis used for other causes of renal fail-
ure.59 Renal transplantation has been performed in the 
setting of AL amyloidosis and should be considered in 
selected patients who have good systemic control of AL 
or in those patients who present with renal failure from 
isolated renal involvement by AL without additional 
organ involvement and can undergo stem cell trans-
plant after kidney transplant.60 

Constipation and diarrhea are the most common 
symptoms related to AL amyloidosis of the gastrointes-
tinal tract. Antidiarrheals (ie, loperamide, diphenoxyl-
ate, octreotide) have been used with varying success.61 
Many patients with AL amyloidosis become malnour-
ished because of gastrointestinal protein loss, which is 
associated with poor outcomes. 

CHEMOTHERAPY 

Systemic therapy directed against the transformed 
plasma cells has evolved over last 3 decades and has 
resulted in a modest improvement in 4-year survival 
of AL amyloidosis patients from 21% to 33%.62 While 
these advances are encouraging, 1-year mortality re-
mains high, largely owing to delay in diagnosis and 
advanced cardiac involvement. 

Alkylating agents and their combinations. Melphalan 
has been the prototype of alkylating agents used for the 
treatment of plasma cell dyscrasias, both in standard 
doses and as high-dose therapy with autologous stem 
cell rescue. In AL amyloidosis, several studies evaluat-
ing the combination of melphalan and steroids have 
demonstrated objective hematologic responses ranging 
from 18% to 64%,40,63–65 and more important this has 
been associated with improvement in organ function 
and survival. An important lesson learned from early 
studies is that unlike myeloma, the best steroid partner 
of melphalan for treatment of AL amyloidosis appears 
to be dexamethasone, as it is associated with higher 
response rates.44 Hematologic responses are seen in 
up to two thirds of patients, with a complete response 
(CR) in one third. Updated data has demonstrated that 
melphalan and dexamethasone (MelDex) can result 
in significant long-term survival in AL amyloidosis pa-
tients, and thus remains the most widely used regimen 
for patients with AL amyloidosis who are not candidates 
for dose-intensive therapy.65 The optimal duration Mel-
Dex therapy is 8 to 12 months, and it is generally well 
tolerated. The major complications include fatigue, 

fluid retention from steroid use, hematologic toxicity, 
and the risk of secondary myeloid malignancies.

Cyclophosphamide is another alkylating agent com-
monly used for treatment of plasma cell dyscrasia. It 
is best used in combination with other antineoplastic 
agents, and unlike melphalan relatively spares hemato-
poietic precursors and stem cells. Cyclophosphamide is 
also combined at times with granulocyte-colony stimu-
lating factor (G-CSF) for mobilizing hematopoietic stem 
cells in preparation for autologous peripheral stem cell 
transplant. 

Recently, the bifunctional alkylating agent benda-
mustine has been shown to be effective in multiple 
myeloma. The preliminary data has indicated that it is 
also active in AL amyloidosis, but more mature data are 
needed to establish its role.66 

Proteasome inhibitors. The first-in-class proteasome 
bortezomib has been very effective in treating multiple 
myeloma and is approved for the treatment of newly 
diagnosed and relapsed myeloma patients. It has also 
demonstrated remarkable activity in AL amyloidosis. 
A phase II trial utilizing single-agent bortezomib dem-
onstrated an overall response rate of 70% in relapsed/
refractory AL patients.67 The combination of bort-
ezomib and dexamethasone has been evaluated in 
newly diagnosed and previously treated AL amyloidosis 
patients in 2 phase II trials.68,69 Hematologic response 
rates of 54% to 94% were noted, with 31% to 44% of 
patients achieving a CR. Addition of cyclophosphamide 
to a backbone of bortezomib and dexamethasone 
(CyBorD) has shown high response rates in multiple 
myeloma patients. Two relatively large retrospective 
series of AL amyloidosis patients treated with CyBorD 
revealed overall and complete hematologic response 
rates of 94% and 81% and 71% and 42%, respectively. 
Most important, the 2-year progression-free survival was 
66% in previously untreated patients and few patients 
deemed unfit for stem cell transplant subsequently were 
able to get high-dose therapy.70,71 

There are 2 important limitations associated with 
the use of bortezomib in AL amyloidosis. First, long-
term data about the durability of response, organ 
improvement, and survival are lacking. Second, AL 
amyloidosis patients are inherently at increased risk of 
cardiovascular, neurologic, and gastrointestinal toxicity 
due to bortezomib. Patients treated with bortezomib 
and steroid-containing regimens should be monitored 
for hypotension, worsening of congestive heart failure, 
and cardiac arrhythmias. In order to address these 
important issues, a phase III clinical trial comparing 
melphalan and dexamethasone alone versus in combi-
nation with bortezomib is ongoing in Europe. 
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Several next-generation proteasome inhibitors are 
at various stages of development for the treatment of 
hematologic malignancies. One such orally bioavail-
able agent, ixazomib (formerly MLN 9708), has under-
gone early investigations in relapsed AL amyloidosis 
patients, and encouraging initial results have paved the 
way for further evaluation as combination therapy.72 
Carfilzomib, which is associated with significantly less 
neurotoxicity than bortezomib and was recently ap-
proved for the treatment of multiple myeloma patients 
with relapsed/progressive disease, is expected to have 
activity in AL amyloidosis patients. 

Immunomodulatory (IMiDs) agents. IMiDs have 
made a profound impact in the management of sev-
eral hematologic malignancies. Three IMiDs have 
been approved by the Food and Drug Administration 
for the treatment of various patient groups of multiple 
myeloma. These agents have also been evaluated in 
AL amyloidosis and have demonstrated consistent  
activity.

Thalidomide in combination with dexamethasone 
and as part of a triple-drug regimen with cyclophospha-
mide and dexamethasone has demonstrated activity 
in relapsed AL amyloidosis patients.73,74 Cardiotoxicity 
and neuropathy associated with use of thalidomide are 
particularly problematic in AL amyloidosis, and doses 
typically used to treat myeloma are not tolerated by 
AL amyloidosis patients. Due to a narrow therapeutic 
index and availability of effective alternatives, thalido-
mide is not commonly used for the treatment of AL 
amyloidosis in the United States. 

Lenalidomide is more potent than thalidomide and 
is not associated with the significant cardiotoxicity or 
neurotoxicity typical of thalidomide. In a phase II trial, 

lenalidomide in combination with dexamethasone was 
associated with a hematologic response rate of 67% in 
relapsed AL amyloidosis; one third of patients achieved 
a CR.75 Similarly, the combination of lenalidomide, 
dexamethasone, and melphalan in a phase II trial 
showed a 42% hematologic CR in newly diagnosed AL 
amyloidosis.76 In another phase II study, lenalidomide 
in combination with cyclophosphamide and dexa-
methasone demonstrated a 77% hematologic response 
rate with a median progression-free survival and overall 
survival of 28.3 and 37.8 months, respectively.77 Like 
thalidomide, AL amyloidosis patients are not able to 
tolerate a full myeloma dose of lenalidomide due to 
significant fatigue and cutaneous toxicity. 

Pomalidomide is the most recent agent in this group 
and is recently approved for the treatment of relapsed 
multiple myeloma patients. In a phase II trial, the 
combination of pomalidomide and dexamethasone 
resulted in a hematologic rate of 48% in patients with 
relapsed AL amyloidosis, where approximately half of 
patients had undergone prior stem cell transplantation. 
Fatigue and hematologic toxicity were the most com-
monly observed severe adverse effects.78

Experience with novel agents is increasing in AL am-
yloidosis, but because each agent (or group of agents) is 
associated with unique challenges in this patient popula-
tion it is imperative that well planned randomized stud-
ies are conducted to accurately establish their efficacy 
and, more importantly, safety profiles (Table 4).

STEM CELL TRANSPLANT

Exquisite sensitivity of plasma cells in AL amyloidosis 
to melphalan led to the hypothesis that dose-intensive 
treatment, as employed in multiple myeloma, may be 

Table 4. Challenges with the Use of Newer Agents in AL Amyloidosis

Novel Agent Comments

Immunomodulatory agents (IMiDs) All IMiDs have the potential to increase BNP (NT-proBNP) and response should be 
interpreted with caution

Neurotoxicity and cardiotoxicity of thalidomide are significant

Rash and fatigue are prominent with lenalidomide

Lenalidomide and thalidomide doses used to treat myeloma are often not tolerated in 
AL amyloidosis

Thalidomide

Lenalidomide

Pomalidomide

Proteasome inhibitor(s)

Bortezomib Bortezomib results in rapid reduction in light chains

Can be given weekly or twice weekly and in patients with renal insufficiency

MLN 9708 Use should be carefully monitored in patients with advanced cardiac involvement

Oral proteasome inhibitor under early phase investigation for patients with AL  
amyloidosis
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more effective than standard therapy. The feasibility of 
this approach was demonstrated by Comenzo et al79 in 
a pilot study. Since then, several groups have reported 
on the safety and efficacy of this modality.80,81 

There is a dearth of data comparing high-dose 
therapy with standard chemotherapy, and only one pro-
spectively conducted randomized trial has compared 
these strategies. In this multicenter European study, 100 
patients with AL amyloidosis were randomly assigned to 
receive low-dose melphalan with dexamethasone versus 
high-dose melphalan followed by stem-cell rescue.40 No 
significant difference in response rate or survival was 
noted, and transplant-related mortality was 24%. These 
data need to be interpreted carefully, as inclusion of 
patients with advanced cardiac involvement likely re-
sulted in excessive transplant-related mortality. Recent 
data from 2 large centers has clearly demonstrated that 
patients who undergo high-dose therapy have good out-
comes. In a large series of more than 450 patients who 
underwent high-dose chemotherapy, the 100-day trans-
plant-related mortality (TRM) was 8.8% (compared 
to 1.4% for myeloma), with hematologic responses of 
approximately 80% and 40% CR. The 5-year survival 
rate was 66%. Achieving a CR or VGPR were statistical 
significant predictors of improved survival.80 In another 
series, investigators from Boston University reported 
a 100-day TRM of 11.4%. Hematologic CR was noted 
in 34% of patients and was associated with the longest 
overall survival. Five-year survival was 86% for those who 
achieved a CR and 58% for those who did not achieve 
a CR.81 Depth of hematologic response, pre-treatment 
free light chain level, and the difference between 
involved and uninvolved free light chains remain the 
most important predictive/prognostic markers of post-
transplant outcome.41,75,82,83

While high-dose chemotherapy is associated with 
high response rate and prolonged survival, only a 
minority of patients qualify for this treatment as mor-
tality and morbidity is significantly high compared to 
multiple myeloma. Unlike myeloma, 2 unique issues 
related to stem cell transplant in AL amyloidosis are 
fluid overload during stem cell mobilization with G-CSF 
and high incidence of gastrointestinal bleeding with 
the conditioning regimen. Investigators from Europe 
have reported treatment-related mortality as high as 
40%.84 However, as noted above, in experienced centers 
this mortality is significantly less; for example, at Mayo 
Clinic the treatment-related mortality is less than 10%. 
This is largely due to careful patient selection and the 
use of a risk-adapted approach.85,86 Typical contraindi-
cations for transplant include congestive heart failure, 
total bilirubin >3.0 mg/dL, ejection fraction less than 

45%, or troponin-T >0.06 ng/mL. The relative con-
traindications include serum creatinine >2.0 mg/dL, 
interventricular septal thickness >15 mm, age >65 years, 
and more than 2 visceral organs involved with disease. 
Furthermore, additional transplant eligibility criteria 
include “physiologic” age ≤70 years, performance score 
≤2, troponin-T <0.06 ng/mL, creatinine clearance ≥30 
mL/min, New York Heart Association Class I or II, and 
no more than 2 visceral organs significantly involved.85  

CONCLUSION

AL amyloidosis remains a difficult disease to diag-
nose and treat. Delay in diagnosis remains the major 
hurdle in improving outcomes. AL amyloidosis should 
be kept in the differential diagnosis of any patient with 
nondiabetic nephrotic syndrome, restrictive-type cardio-
myopathy, neuropathy, or unexplained hepatomegaly. 
Screening should be undertaken with SPEP and UPEP 
with immunofixation and measurement of free light 
chains. A positive screening should be followed with a 
bone marrow biopsy and fat pad aspirate with Congo 
red staining and confirmation of the immunoglobulin 
light chain origin by sensitive molecular diagnostic 
techniques. Prognosis is dependent on multiple factors, 
most importantly cardiac involvement (troponin-T and 
NT-proBNP) and number of organs involved at diagno-
sis. Organ-directed supportive care is very important. 
Anti-plasma cell treatment results in improvement in 
quality of life, organ improvement, and prolonged 
survival. Selected patients with AL amyloidosis who are 
candidates for high-dose chemotherapy and autologous 
stem cell rescue should be offered this modality, prefer-
ably at a center experienced in treating patients with AL 
amyloidosis. The use of novel agents is evolving in AL 
amyloidosis, and particular attention should be given 
to the unique toxicities of various agents specific to this 
disease. 
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