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Abstract
Immunoglobulin light chain amyloidosis (AL amyloidosis) has an incidence of approximately 1 case per
100,000 person-years in Western countries. The rarity of the condition not only poses a challenge for
making a prompt diagnosis but also makes evidenced decision making about treatment even more
challenging. Physicians caring for patients with AL amyloidosis have been borrowing and customizing the
therapies used for patients with multiple myeloma with varying degrees of success. One of the biggest
failings in the science of the treatment of AL amyloidosis is the paucity of prospective trials, especially
phase 3 trials. Herein, we present an extensive review of the literature with an aim of making recommendations in the context of the best evidence and expert opinion.
ª 2015 Mayo Foundation for Medical Education and Research

From the Division of
Hematology, Mayo Clinic,
Rochester, MN (A.D., F.B.,
S.K.K., M.Q.L., R.A.K., N.L., P.K.,
J.A.L., D.D., R.S.G., Y.L.H.,
S.R.H., S.V.R., S.J.R., S.R.Z.,
M.A.G.); Division of
Hematology/Oncology,
Mayo Clinic, Scottsdale, AZ
(C.B.R., J.R.M., R.F., P.L.B., K.S.);
Division of Hematology/
Oncology, Mayo Clinic, Jacksonville, FL (T.S., V.R., S.A.,
A.C.-K.); and Division of Cardiovascular Diseases, Mayo
Clinic, Rochester, MN (M.G.).

1054

I

mmunoglobulin light chain amyloidosis (AL
amyloidosis) and immunoglobulin heavy
chain amyloidosis (AH amyloidosis) are typically low-tumor-burden plasma cell disorders
characterized by deposition of insoluble ﬁbrils
composed of immunoglobulin chains. Most of
the literature to date refers to AL amyloidosis
because typing of amyloid ﬁbrils on a case-bycase basis was uncommon until the 21st century.
To date, there is no evidence for a clear difference
in prognosis or presentation between AL and AH
amyloidosis, so herein, both types will be referred
to as AL amyloidosis.
Without treatment, AL amyloidosis has an
inexorable progressive course due to uncontrolled organ damage. Although AL amyloidosis
is the most common form of systemic amyloidosis, with an incidence of approximately 1 case

n
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per 100,000 person-years in Western countries,1
there are other forms of systemic amyloidosis
(Table 1).2,3 Typing the amyloid is imperative
because treatment strategies depend on the source
of precursor protein.4-6 In the case of systemic AL
amyloidosis, the precursor protein is bone
marrow plasma cellederived immunoglobulin
light (or rarely heavy) chains, and targeting
plasma cells is the mainstay of therapy. In
contrast, the next most commonly recognized
forms of systemic amyloidosis are due to the precursor protein transthyretin, which is made in the
liver. A disease phenotype similar to that of AL
amyloidosis can be caused by either wild-type
amyloid transthyretin (age related or wt-ATTR)
or by mutated ATTR (hereditary or mut-ATTR).
Little is known about why amyloid targets
speciﬁc tissues in one patient vs another.
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TABLE 1. Classiﬁcation of the Most Common Amyloidoses
Precursor protein
component

Type of amyloidosis
AL (previously referred to as primary
amyloidosis)a
AH

AA (previously referred to as secondary
amyloidosis)

ALECT2

ATTR
Mutated transthyretinb (commonly
referred to as familial amyloid
polyneuropathy)
Wild-type TTRb (age-related or senile
amyloidosis)
Ab2M
Other hereditary amyloidoses
AFib (also called familial renal
amyloidosis)
ALys
AApoA-I
AGel

Clinical presentation

Systemic or localized, see text
k or l
immunoglobulin
light chain
Systemic or localized, see text
g, m, a
immunoglobulin
heavy chain
Serum amyloid A Renal presentation most common; associated with
protein
chronic inﬂammatory conditions; typically acquired,
but hereditary in cases of familial periodic fever
syndromes
Leukocyte
Renal presentation; acquired
chemotactic
factor 2
Mutant TTR

Hereditary; peripheral neuropathy, autonomic
neuropathy, vitreous opacities, and cardiomyopathy

Normal TTR

Restrictive cardiomyopathy; carpal tunnel syndrome

b2-microglobulin

Carpal tunnel syndrome, arthropathy on large joints

Fibrinogen a-chain Renal presentation
Lysozyme
Renal presentation most common
A-I
Renal presentation most common
Apolipoprotein
Gelsolin
Cranial neuropathy

a

AL amyloidosis is the only form of amyloidosis that is secondary to a clonal plasma cell disorder; AL amyloidosis can be associated with
multiple myeloma in approximately 10% to 50% of patients.
b
TTR refers to transthyretin, which is commonly referred to as prealbumin.

Amyloid ﬁbrils found in human tissues are
not merely composed of pure amyloid precursor protein. Other proteins are found in
the amyloid deposits, most commonly serum
amyloid protein, apolipoprotein E, apolipoprotein A1, and apolipoprotein A4.7
The most important aspects of treating
patients with AL amyloidosis are making a
correct diagnosis as early as possible and
ﬁnding the best chemotherapy and supportive trials for that individual patient. Clearly,
clinical trials are the goal. In an environment
with an absence of clinical trials, a paucity of
randomized clinical trials, and an abundance
of difﬁcult and sometimes conﬂicting data,
we present an extensive review of the literature with the aim of making recommendations in the context of the best evidence and
expert opinion as we have done in the past
Mayo Clin Proc. n August 2015;90(8):1054-1081
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for patients with multiple myeloma (MM)8
and Waldenstrom macroglobulinemia.9
DIAGNOSIS OF AL AMYLOIDOSIS
The diagnostic biopsy sample may be from
the tissue causing symptomsdeg, heart or
kidneydor from a more accessible tissue,
such as subcutaneous fat or bone marrow.
The sensitivity of a biopsy sample from a
symptomatic organ is higher than that from
the more accessible tissues, ie, more than
95% for a symptomatic organ, 75% to 80%
for fat, and 50% to 65% for bone marrow.10
Special stains, such as Congo red, thioﬂavin
T, and sulfated alcian blue, are required to
recognize amyloidosis. The gold standard
for amyloid diagnosis is Congo red avidity
with apple-green birefringence under polarized light. Electron microscopy is also helpful
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TABLE 2. Prognosis Is a Function of Organ Involvement and Plasma Cell
Burden/Biology
End-organ damage

Plasma cell burden/biology

NT-proBNP, troponin26-35
PS, NYHA class, exertional syncope36,43,44
Systolic blood pressure <100 mm Hg36,45
Alkaline phosphatase, bilirubin, malabsorption37-39
Creatinine, urine protein40

Serum immunoglobulin FLC18-22
Plasma cell burden23
Cytogenetics24,25
Deep hematologic response46-50

FLC ¼ free light chain; NT-proBNP ¼ N-terminal brain natriuretic peptide; NYHA ¼ New York
Heart Association; PS ¼ performance status.

for identifying the 8- to 11-nm nonbranching
ﬁbrils.
Once a diagnosis of amyloidosis is made, the
next equally important step is to type the amyloid, ie, determine the precursor protein by subjecting the amyloid to direct sequencing by mass
spectrometry or immunostains such as immunogold, immunoﬂuorescence, or immunohistochemical analysis. The presence of a serum or
urine monoclonal protein does not ensure a
diagnosis of AL amyloidosis and may lead to
misdiagnosis in as many as 10% of cases.11,12
Currently, we consider mass spectrometry the
preferred method of typing the amyloid protein
from tissues.5,6
Finally, the distinction between localized
and systemic AL amyloidosis is required. The
designation localized applies to those cases of
AL amyloidosis in which the precursor protein
(the immunoglobulin light chain) is made at
the site of amyloid deposition (other than the
bone marrow)13-15 and is typically not associated with a detectable circulating monoclonal
protein in the serum or urine. The mere absence
of a monoclonal protein does not establish a
diagnosis of localized amyloidosis. The classic
examples of localized amyloidosis are tracheobronchial, urinary tract, cutaneous, lymph
node, and nodular cutaneous involvement.16
At Mayo Clinic, 8% of cases of amyloidosis
were found to be localized.
EVALUATION OF PATIENTS WITH AL
AMYLOIDOSIS
Tumor/Precursor Protein Burden
Screening for a monoclonal protein is done by
serum immunoglobulin free light chain measurement and immunoﬁxation studies of the serum
and urine.17 The distribution of immunoglobulin
1056
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light chain variable gene use by bone marrow
plasma cells is expected to be 2 to 1 k to l in
the healthy population. Despite this, the number
of AL amyloidosis cases favors l to k by 2 to 1,
which supports the concept that germline l is
intrinsically more amyloidogenic than k. A
bone marrow aspirate to determine the extent
of plasmacytosis along with ﬂuorescent in situ
hybridization (FISH) with a standard myeloma
panel looking for trisomies, IgH translocations,
and chromosome 1 duplications and deletions
should also be performed. Baseline testing for
measuring tumor burden should include serum
and urine protein electrophoresis with immunoﬁxation, serum immunoglobulin free light chain,
and bone marrow aspirate and biopsy with
FISH.18-25
Organ Involvement
The most commonly affected organs that experience symptoms are the heart, kidneys, skin, peripheral nerves, autonomic nerves, and liver.
Minimum best practices to assess organ involvement would include a systems review and measurement of seated and standing blood pressure
and levels of N-terminal brain natriuretic
peptide (NT-proBNP), either troponin T or
high-sensitivity troponin T, serum alkaline
phosphatase, creatinine (or preferably estimated
glomerular ﬁltration rate), and 24-hour total
urine protein.26-40 Imaging with serum amyloid
P is performed in limited countries in Europe
and can provide an estimate of amyloid burden
in the body but is not effective at estimating cardiac or peripheral (or autonomic) nervous system
involvement. Tools used to assess the extent of
cardiac involvement include NT-proBNP (and
brain natriuretic peptide [BNP]), troponins,
echocardiography with tissue strain, and magnetic resonance imaging.16
PROGNOSIS OF AL AMYLOIDOSIS
The prognosis of patients with AL amyloidosis
depends on the burden of the amyloid in the tissues (especially the heart) and the size of the
plasma cell clone and its biology, which predict
the ability to achieve a hematologic and organ
response (Table 2).41,42 Cardiac involvement
predicts most early deaths. Plasma cell biology
predicts deaths occurring after the ﬁrst year.
During the past 40 years, the proportion of
patients dying within 12 months of diagnosis remains ﬁxed at approximately 30% to 40%, with
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TABLE 3. Mayo Risk Stratiﬁcation Systemsa,b

Stratiﬁcation system

Troponin
(ng/mL)

NTproBNP
(pg/mL)

<0.035
<332
Hs-Tnt <54
ng/L34
0.035 332 and
European modiﬁcation of
8500
Mayo 2004 stage III36
Mayo 200426,27

Mayo 201255

<0.025

Mayo 2013 transplant
eligibility56,57
Mayo 2015 transplant
eligibilityd (manuscript
submitted)

<0.06c
<0.06d

Other
.

Parameters
Stage I ¼ both low; stage II ¼ either high; stage
III ¼ both high

Systolic BP Stage IIIA ¼ NT-proBNP 8500 pg/mL and BP
>100 mm >100 mm Hg
Stage IIIB ¼ neither A nor C
Hg
Stage IIIC ¼ NT-proBNP >8500 ng/mL and BP
100 mm Hg
<1800
dFLC 18 Stage I ¼ all low; stage II ¼ 1 elevated; stage III ¼ 2
mg/dL
elevated; stage IV ¼ all 3 elevated
<5000c
For high troponin T, 100-d mortality is 25%-28%
For high NT-proBNP, 10-mo mortality is 25%
Not
Systolic BP <90 mm Hg is associated with 100-d
included
TRM of 13% and 1-y TRM of 18%

BP ¼ blood pressure; dFLC ¼ difference between involved and uninvolved serum immunoglobulin free light chain levels; Hs-Tnt ¼ high
sensitivity troponin T; NT-proBNP ¼ N-terminal brain natriuretic peptide; TRM ¼ treatment-related mortality.
b
SI conversion factors: To convert troponin values to mg/L, multiply by 1.0; to convert NT-proBNP values to ng/L, multiply by 1.0.
c
Exceptions may be made for patients with renal failure.
d
Other eligibility criteria include physiologic age 70 years or younger; performance score of 2 or less; creatinine clearance of 30 mL/min/1.73 m2 or
greater (unless undergoing long-term dialysis); New York Heart Association class I/II; and more than 2 organs signiﬁcantly involved.
a

the least improvement in overall survival (OS)
noted over time for these sickest patients.51
This early death rate largely explains why newly
diagnosed patients tend to fare worse than patients with relapsed or refractory AL amyloidosis,52 why patients seen at a referral center
within 30 days of diagnosis have a median OS
that is approximately half of that in those seen
30 days after diagnosis,10 and why the risk factors for death are different during the ﬁrst year
and after the ﬁrst year.53
PROGNOSTIC IMPACT OF CARDIAC
INVOLVEMENT
The extent of cardiac involvement drives prognosis more than any other organ involvement,
although symptomatic hepatic involvement and
autonomic involvement also inﬂuence survival.54
Soluble cardiac biomarkers have been accepted
by the amyloid community as the best means
by which to stage patients with AL amyloidosis;
the most commonly used biomarkers include
troponin T and NT-proBNP (Table 3).26-35
Potential advantages of blood tests for assessing
cardiac status include the reproducibility of the
assays (in contrast to the interobserver variability
of echocardiography), their ease of testing, and
Mayo Clin Proc. n August 2015;90(8):1054-1081
www.mayoclinicproceedings.org
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their relatively low cost. Aside from troponin T
and NT-proBNP, there are data supporting the
prognostic value of troponin I, BNP, and highsensitivity troponin T.26-33 There may be a role
for using high-sensitivity troponin T alone in
lieu of troponin T and NT-proBNP as a prognostic marker in the future.34 Disadvantages of
the cardiac biomarkers include the number of
reagents available and potential limitations of
the different assays, including a relative lack of
sensitivity of troponin I, no current widespread
clinical availability of high-sensitivity troponin
T in the United States, a lack of standardization
of the various BNP assays, and the inferior performance of NT-proBNP compared with BNP in the
setting of renal dysfunction.58-60 Palladini et al61
offer useful solutions for dealing with cardiac biomarkers in renal failure by using higher cutoff
values for NT-proBNP and BNP for detecting
heart involvement and predicting survival. Aside
from blood tests, clinical history is an important
prognosticator. Patients with AL amyloidosis
who present with ﬂorid congestive heart failure
or syncope have median survival of 4 to 6
months.43,44 Poor performance score, New
York Heart Association (NYHA) class, and exertional syncope are all prognostic.36,43,44
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1057

MAYO CLINIC PROCEEDINGS

chains are also a mainstay for evaluating hematologic response in AL amyloidosis.42 The treatment of AL amyloidosis targets a reduction of
involved free light chains to less than 4 mg/dL
as a desired goal of therapy, and failure to achieve
this level may prompt a change of therapy in
some patients (Figure 1).

Newly diagnosed AL amyloidosis

Transplant
ineligiblea

Transplant
eligiblea

BM PC ≥ 10%
or CRAB
Yes

Not wanting
transplant

Mel-Dex or CyBorDc

No

≥ Hematologic VGPRf

Induction
2-4 cyclesb

No

Yes
Observation

Mel 200

≥ PR

HSCTd
Yes

Yes
Lowe
risk? No

No
More
chemotherapy

FIGURE 1. Nonstudy treatment algorithm for patients with newly diagnosed immunoglobulin light chain amyloidosis (AL amyloidosis). Note that
many of the recommendations in this algorithm have not yet been supported by clinical trials; level of evidence is clearly indicated in the text. aTo
be transplant eligible, the following criteria should be met: physiologic age
70 years or younger; performance score of 2 or less; troponin T level less
than 0.06 ng/mL, systolic blood pressure of at least 90 mm Hg; creatinine
clearance of at least 30 mL/min (unless undergoing long-term dialysis),
New York Heart Association class I/II, and no more than 2 major organs
signiﬁcantly involved (liver, heart, kidney, or autonomic nerve). bInduction
also used if there is a delay in proceeding to autologous stem cell transplant
or as clinically indicated. cIf the hematologic parameter is not decreased by
more than 50% at 2 months, consider changing therapy. dFor age older than 70
years or creatinine clearance less than 30 mL/min/1.73 m2, use melphalan 140
mg/m2. eMayo 2012 stage I or II. fDay 100 autologous stem cell transplant or
after 4 to 6 cycles of chemotherapy. BM ¼ bone marrow; CRAB ¼ hypercalcemia, renal insufﬁciency, anemia, or bone disease; CyBorD ¼ cyclophosphamide, bortezomib, and dexamethasone; Dex ¼ dexamethasone; dFLC ¼
difference between involved and uninvolved serum immunoglobulin free light
chain levels; HSCT ¼ hematopoietic stem cell transplant; Mel ¼ melphalan;
PC ¼ plasma cells; PR ¼ partial response; VGPR ¼ very good partial response.

Prognostic Impact of Serum Immunoglobulin
Free Light Chains
Serum immunoglobulin free light chains are
prognostic,18-20 and they have been incorporated
into the Mayo 2012 AL amyloidosis staging system (Table 3).55 The Mayo 2012 staging system
is used to identify patients with relatively lowrisk (stages I and II) status in the treatment algorithm (Figure 1). Immunoglobulin free light
1058
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Prognostic Impact of Plasma Cell Burden
and Biology
Recently, our group demonstrated that patients
with greater than 10% bone marrow plasmacytosis regardless of CRAB (C ¼ calcium elevated,
R ¼ renal dysfunction, A ¼ anemia, or B ¼
bone lesions) have inferior outcomes relative
to patients with 10% or fewer bone marrow
plasma cells and are now considered to have
AL amyloidosis with MM.62 The 10% cutoff
point has been shown to markedly affect prognosis independent of serum immunoglobulin
free light chain and cardiac biomarkers. Despite
the patchiness of the bone marrow, using the
estimation of bone marrow plasmacytosis
seems to be a valuable prognostic marker and
can be used to select patients who need induction therapy before stem cell transplant
(SCT). Other plasma cell characteristics,
such as proliferative rate and FISH, have
also been shown to be prognostic, especially
translocation t(11;14), which is associated
with inferior survival.63,64
RATIONALE FOR THE RECOMMENDATIONS
Any recommendation for the treatment of AL
amyloidosis is confounded by the disease’s
intrinsic heterogeneity, its rarity, and the paucity
of randomized clinical trials. Despite these challenges, we believe that the combination of the
literature and the experience of the authors,
who are experts in the ﬁeld, make these recommendations sound. Clinical trials should always
be considered the ﬁrst choice when available.
In the absence of clinical trials, recommendations
are as discussed herein (Appendix; Figure 1).
Table 4 contains current hematologic and organ response criteria for patients with AL
amyloidosis.41,42
Guideline. The goal of treatment (if cardiac
involvement) should be a 30% reduction in
NT-proBNP or better.
Level of Evidence. III

August 2015;90(8):1054-1081
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Grade of Recommendation. B
Guideline. The goal of treatment should be a
hematologic response of very good partial
response (VGPR) or better.

TABLE 4. Immunoglobulin Light Chain Amyloidosis Hematologic and Organ
Response Criteria42,a
Response type
Hematologic
Complete response

Level of Evidence. III
Grade of Recommendation. B
Prognostic Impact of Cardiac Response and
Hematologic Response
Although cardiac responses can be documented by echocardiography, these responses
are slow and relatively uncommon. Levels of
NT-proBNP can drop rapidly, and a 30%
reduction in NT-proBNP from a starting level
of 650 pg/mL or higher is associated with a
superior OS rate.28,42
In general, the deeper the hematologic
response, the higher the likelihood of achieving
an organ response and better OS. This has to be
balanced by the morbidity and mortality of any
given regimen considering the frail state of many
of these patients.42,65 Organ responses can occur
with a hematologic partial response in as many
as 30% to 56% of patients, and survival is markedly improved in patients achieving a partial
response compared with no hematologic
response. A major difﬁculty with organ response
as a measure in many studies is that organ
response is time dependent, ie, it can be much
delayed.65 Reports with less than 24 months of
follow-up are likely to underreport organ
response.
The most recent consensus is to aim for at
least a VGPR (difference between involved and
uninvolved serum immunoglobulin free light
chain levels [dFLC], <4 mg/dL) or at least a
90% reduction in the dFLC if it can be achieved
without excess therapy-related toxic effects.46-50
At present, the mainstay of treatment is destruction of the underlying plasma cell clone, which,
in turn, reduces or eliminates the amyloidogenic
clonal immunoglobulin light chain. It had been
assumed that the amyloid ﬁbrils detected in tissue biopsy samples were the source of tissue
injury and dysfunction and that chemotherapy
produced improvement in organ function by
shifting the equilibrium from ﬁbril formation to
ﬁbril dissolution. That hypothesis has been challenged with the hypothesis that the clonal
Mayo Clin Proc. n August 2015;90(8):1054-1081
www.mayoclinicproceedings.org
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Very good partial
response
Partial response
No response
Organ
Cardiac responsee

Renal response

Hepatic response

Criteria
Negative serum and urine immunoﬁxation electrophoresis
and
Normal serum immunoglobulin k/l FLC ratiob
dFLC <4 mg/dLc
dFLC decrease 50%d
Less than a partial response
Decrease in NT-proBNP by >30% and 300 pg/mL
(if baseline NT-proBNP >650 pg/mL) or a 2-point
decrease in NYHA class (if baseline NYHA class III or IV)
30% decrease in proteinuria or drop below 0.5 g/24 h in
the absence of renal progression, deﬁned as a >25%
decrease in eGFRf
50% decrease in abnormal alkaline phosphatase value or
decrease in radiographic liver size by 2 cm

dFLC ¼ difference between involved and uninvolved serum immunoglobulin free light chain levels
(a value adequate to measure response was deemed to be 50 mg/dL); eGFR ¼ estimated
glomerular ﬁltration rate; FLC ¼ free light chain; NT-proBNP, N-terminal brain natriuretic peptide;
NYHA, New York Heart Association.
b
Mandatory bone marrow removed from response criteria in 201242 compared with 200541
response criteria.
c
New response criterion in 2012.42
d
Serum M-spike relegated to secondary status and used only if no measurable involved serum FLC
in 2012 criteria.
e
Echocardiographic response replaced by NT-proBNP response in 2012.42
f
New criteria proposed by the European amyloid community40 suggesting replacement of the 50%
reduction of proteinuria used in the 2005 criteria.
a

amyloidogenic light chains form toxic soluble intermediates responsible for the tissue damage.66,67 In everyday clinical practice, this
pathophysiologic debate is less relevant because
there are currently no approved drugs that
directly attack or dissolve the amyloid. The
approach of using molecules or antibodies
directed against serum amyloid protein or antibodies directed at the tertiary structure of the amyloid may be treatments of the future.68-70
The importance of a VGPR/complete
response (CR) in AL amyloidosis exceeds
the importance of a VGPR/CR in MM because
response in both diseases is measured using
circulating monoclonal immunoglobulin: for
AL amyloidosis the circulating protein is the
pathogen; for MM, it is merely a marker of
clonal burden. The paradox, however, is
that patients with AL amyloidosis are typically more frail than patients with MM, and

http://dx.doi.org/10.1016/j.mayocp.2015.06.009
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the pursuit of a VGPR/CR can be fraught with
more morbidity and mortality.71 Corticosteroids carry their own toxicities and can also
worsen existing congestive heart failure or
edema. Proteasome inhibition has not been
prospectively studied in patients with
advanced cardiac disease (NYHA class III or
IV). Alkylators increase the risk of myelodysplastic syndrome.72
Whether long-term outcomes will differ
depending on the means of arriving at a complete hematologic response is unknown.73 This
is most notable in the context of high-dose
chemotherapy with autologous SCT (ASCT) vs
standard-dose melphalan and dexamethasone
(MDex). For patients achieving a hematologic
CR, 5-year OS is approximately 70% regardless
of the treatment modality used to achieve this
depth of response.46,74,75 For patients undergoing ASCT and achieving a CR, 10-year survival
approaches 60%.74 In a retrospective analysis
studying patients who achieved a CR, there
was a trend toward better OS in those treated
with ASCT as their primary treatment,65 but
this ﬁnding is confounded by the fact that patients undergoing ASCT are highly selected
and ﬁt at baseline.
The ﬁnal complexity to the VGPR/CR goal is
that immunoglobulin light chains have varying
degrees of amyloidogenicity and toxicity,76-82
which are not measured in the clinic. The quest
for a VGPR/CR may be less essential for patients
with a less toxic or amyloidogenic protein, but
currently this is not measurable.
INDICATIONS FOR THERAPY IN NEWLY
DIAGNOSED AL AMYLOIDOSIS
Guideline. Treatment should be initiated
immediately in virtually all patients with systemic AL amyloidosis.
Level of Evidence. III
Grade of Recommendation. A
No trials have been performed speciﬁcally
to address this point, but it is known through
randomized trials that patients with AL
amyloidosis treated with chemotherapy live
longer and can have clinical improvement
compared with those who receive no therapy
or ineffective therapy, such as colchicine.83-86
Patients who have monoclonal gammopathy
1060
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of undetermined signiﬁcance or asymptomatic
myeloma with an incidental ﬁnding of a positive
Congo red of the bone marrow do not require
immediate chemotherapy. Such patients can
be observed every 3 months with an amyloiddirected review of systems, serum immunoglobulin free light chains, alkaline phosphatase,
troponin, NT-proBNP, and creatinine as well as
spot urine for albumin. At the ﬁrst sign of organ
involvement, therapy should be instituted.
INITIAL THERAPY FOR PATIENTS WITH
SYSTEMIC AL AMYLOIDOSIS
Clinical trials should always be considered in the
frontline setting if available. In the absence of
clinical trials, recommendations are as discussed
herein.
Autologous Stem Cell Transplant
Guideline. Consider high-dose chemotherapy
with ASCT in selected patients.
Level of Evidence. III
Grade of Recommendation. B-C
In routine practice, the ﬁrst question asked is
whether a patient is a candidate for high-dose
chemotherapy with autologous peripheral blood
stem cell support (ASCT), not speciﬁcally
because it is the best therapy but because it is
the therapy that is most restrictive and that
requires the most planning (Figure 1 and
Table 3). Our opinion is that in young patients
with low-risk disease, ASCT is an excellent option with the potential for long, event-free survival. There are, however, no randomized trial
data to support that it is superior therapy; on
the contrary, if the single small phase 3 French
study addressing this question were accepted
without critical analysis, one would conclude
that ASCT is inferior to MDex.73
This trial was a prospective randomized
study of 100 patients randomized to receive
ASCT with high-dose melphalan conditioning
compared with oral MDex.73 Dose-modiﬁed
melphalan was used based on the risk factors
of the period87 rather than on the more reliable
cardiac biomarker methods. In this selected
population, there was no difference between
the 2 arms for hematologic response, and the
landmark analysis performed to correct for the
unexpectedly high early mortality associated
with ASCT also showed no difference in OS.
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TABLE 5. Trials and Case Series of ASCT for Immunoglobulin Light Chain Amyloidosisa,b

Reference, year

Participants
(No.)

Melphalan
dose
(mg/m2)

Moreau et al,91 1998
Goodman et al,92 2006
Vesole et al,89 2006
Gertz et al, 93 2004d
Jaccard et al,73 2007d
Mollee et al,45 2004
Perz et al,94 2004d
Perfetti et al,95 2006
Cohen et al,96 2007d
Landau et al.97 2013d
Kim et al,98 2013
Cibeira et al,47 2011
Dispenzieri et al,99 2013
D’Souza et al,90 submitted

21
92
107
28
50
20
24
22
42
40
24
421
454
1536g

140-200c
80-200c
>130c
200
140-200
140-200c
100-200
100-200
100-200
100-200
100-200
100-200
100-200c
140-200

TRM
(%)
43
23
27
14
24
35
13
14
4
10
0
11
9
5-20

OHR/CR
(%)

Median follow-up
(mo)

Overall
survival

NR/14
37/20
32/16
NR/NR
52/24
50/25
54/46
55/36
60/20e
55/27e
92/42f
NR/34
80/40
61/33

14
NR
NR
30
36
18
31
73
31
45
NR
48
60
61

4-y 57%
Median 5.3 y
2-y 56%
3-y 62%
2-y 48
3-y 56%
3-y 83%
5-y 56%
2-y 81%
3-y 82%
2-y 90%
Median 6.3 y
5-y 66%
5-y 55%-77%

ASCT ¼ autologous stem cell transplant; CR ¼ complete response; OHR ¼ overall hematologic response; NR ¼ not reported; TRM ¼
treatment-related mortality.
b
All the responses in this table are intention-to-treat.
c
Alternative regimens, including melphalan/total body irradiation and busulfan, etoposide, cytarabine, melphalan, were used by some
patients.
d
Clinical trial.
e
Response rates before consolidation. For the study by Cohen et al,96 post-dexamethasone  thalidomide OHR and CR rates increased
to 60% and 21%, respectively; for the study by Landau et al,97 after bortezomib and dexamethasone consolidation, OHR and CR rates
increased to 79% and 58%.
f
All but 1 patient received induction treatment.
g
Registry data that may include patients from other series; the range of TRM and overall survival are period based, with the more recent
period (2007-2012) having the lower TRM and higher overall survival and the oldest period (1995-2000) having the higher TRM and
lower overall survival.
a

On an intention-to-treat (ITT) basis, median survival for MDex was 57 months and for ASCT
was 22 months. This important study is limited
by its small size for a disease that is as heterogeneous as AL amyloidosis. Of the 50 patients randomized to receive ASCT, only 37 actually
received the planned transplant, and 9 of those
died within 100 days, indicating unacceptably
high (24%) treatment-related mortality (TRM),
leaving only 28 patients for the landmark analysis. In contrast, of the 50 patients randomized
to receive MDex, 43 received 3 or more cycles
of therapy. Based on the small sample size and
unexpectedly high TRM rate in this phase 3 trial,
consideration must be given to the evidence obtained from patients reported from prospective
single-arm studies, case-control series, observational studies, and registry studies numbering
in the thousands (Table 5).47,73,88-90
The initial positive reports of ASCT came
from Comenzo et al.100 The concept of selection
bias was initially raised101 but then was settled
Mayo Clin Proc. n August 2015;90(8):1054-1081
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with a case-control study102 and favorable longterm outcomes.47,99 The most commonly used
conditioning regimen is melphalan 200 mg/m2,
although doses of 100 to 140 mg/m2 have been
used in sicker patients. With upfront ASCT
without any induction therapy, hematologic responses have been reported anywhere from
32% to 68% and hematologic CRs from 16%
to 50%.47,49,73,88,89,100,103 Organ response is
time dependent, and a median time to response
can take up to 1 year, especially renal response,
even in patients achieving a hematologic CR.65
Organ response rates range from 31% to 64%.
Patients with the deepest hematologic responses
are more likely to have long-term survival.46,47
The Center for International Blood and
Marrow Transplant Registry, which includes
1532 patients with AL amyloidosis treated
with ASCT from multiple institutionsdalbeit
within 24 months of diagnosisdfound 100day mortality that has reduced from 20% to
11% to 5% from the respective periods of

http://dx.doi.org/10.1016/j.mayocp.2015.06.009
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Relapsed/refractory AL amyloidosis
Not bortezomib
refractory
CyBorD or Vd

Not alkylator
refractory
Mel-Dex

Bortezomib
refractory
Len-Dex or
Pom-Dex

FIGURE 2. Nonstudy treatment algorithm for transplant-eligible patients
with relapsed or refractory immunoglobulin light chain amyloidosis (AL
amyloidosis). Note that many of the recommendations in this algorithm
have not yet been supported by clinical trials; level of evidence is clearly
indicated in the text. CyBorD ¼ cyclophosphamide, bortezomib, and
dexamethasone; Dex ¼ dexamethasone; Len ¼ lenalidomide; Mel ¼
melphalan; POM ¼ pomalidomide; Vd ¼ velcade and dexamethasone.

1995-2000, 2001-2006, and 2007-2012.104
The middle interval was a comparable period
as the randomized French study, and those
595 Center for International Blood and
Marrow Transplant Registry patients treated
with ASCT had 5-year OS of 61% (95% CI,
57%-65%). Importantly, the survival rate
continued to improve into the next interval
of 2007-2012, with 5-year OS of 77% (95%
CI, 72%-82%).
Guideline. Select candidates for ASCT based
on troponin level, blood pressure, renal function, and physiologic age.
Level of Evidence. IV
Grade of Recommendation. B
As mentioned, the risk of TRM for patients
receiving unattenuated high-dose melphalan
approaches 50%. In our practice, we use a
troponin T level greater than 0.06 ng/mL as an
exclusion factor given 100-day all-cause mortality of 28% in such patients, in contrast to 7% allcause mortality in those with a value below that
threshold.56,57 Another important contraindication for ASCT is low systolic blood pressure.36,45
In our experience, systolic blood pressure of less
than 90 mm Hg is associated with 3-month
TRM of 14% (unpublished data; Dispenzieri
et al); patients with systolic blood pressure of
100 mm Hg do not fare much better and should,
therefore, be scrutinized carefully before recommending for ASCT. Patients with signiﬁcantly
impaired creatinine clearance are at risk for
ASCT-associated renal failure.105 Based on the
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existing ASCT data, the French randomized trial
data, and data emerging from other therapies,
we recommend excluding patients with highrisk features from ASCT (Figure 2 and
Table 3). Collecting stem cells for storage can
be considered in selected younger high-risk
patients.
Guideline. Dose-attenuated conditioning chemotherapy with ASCT for sicker patients is
not recommended outside of a clinical trial.
Level of Evidence. IV
Grade of Recommendation. B
In an effort to treat more patients with ASCT,
dose-attenuated melphalan has been used in patients with AL amyloidosis with worse performance status, more organs involved, signiﬁcant
cardiac involvement, and older age. Consistently,
this approach has resulted in lower hematologic
response rates, including lower CR rates47,106
despite reasonable TRM rates; the exception to
this rule seems to be in patients who receive
either induction or consolidation therapy (see
later herein). The lower OS rates in patients taking attenuated-dose melphalan are not surprising
because these patients were more frail before
starting therapy, but the dose intensity of
melphalan has also been shown to be important.
In the Boston University cohort of 421 patients,
patients receiving attenuated-dose melphalan
had event-free survival of 21 months, which
was less than half that of their full-dose
melphalan counterparts.47
Our interpretation of the literature is that
long-term event-free survival seems to be unsurpassed if ASCT is performed in select patients at
high-volume transplant centers that are experienced enough with managing AL amyloidosis
to have a low TRM rate,47,88,93,95,102 especially
if patients achieve a CR.47,99 In contrast, for patients who have signiﬁcant comorbidity related
to their AL amyloidosis meriting consideration
of reduction of conditioning melphalan dose
intensity, based on data from the randomized
controlled trial and single-arm outcomes
from Mayo Clinic and Boston University,
transplant is likely not a preferred initial
option.46,47,73,56,91,92
Guideline. Induction therapy before ASCT for
patients with less than 10% bone marrow
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plasmacytosis (AL amyloidosis without MM) is
not universally recommended.
Level of Evidence. IV
Grade of Recommendation. B
Guideline. Induction therapy before ASCT for
patients with 10% or greater bone marrow
plasmacytosis (AL amyloidosis with MM) is
recommended.
Level of Evidence. IV
Grade of Recommendation. B
To date, the use of induction chemotherapy
before ASCT has been evaluated in only 4 prospective studies dealing speciﬁcally with this issue
(Table 5). The trial that included bortezomib was
considered positive, and the other 3 were negative.107 We and others have shown that patients
undergoing ASCT who achieve a CR without induction have exceedingly good outcomes, ie, 10year OS of more than 70%.99 In an analysis of the
rates of CR and VGPR in patients with AL
amyloidosis going directly to ASCT, we found
that for patients with bone marrow plasma cell
counts of 10 or less, the respective rates were
44% and 13%, whereas for patients with bone
marrow plasma cell counts of 10 or greater, the
respective rates were only 25% and 11%. In
both groups, 6-year OS for patients with a
CR was 88% to 89% (unpublished data;
Dispenzieri et al). These data suggest that at
least half of the patients with low tumor burden
may not require additional therapy before
ASCT (unpublished data; Dispenzieri et al).
Huang et al107 reported on the use of 2 cycles
of bortezomib and dexamethasone on days 1, 4,
8, and 11 every 21 days as induction vs no pretreatment before risk-adjusted melphalan and
ASCT. The primary end point was achieved,
with 65% of patients receiving bortezomib, dexamethasone, and ASCT and 36% of patients
receiving ASCT only achieving a CR by 1 year.
More important, however, the respective 2-year
OS rates were 95% and 69%, and the respective
2-year progression-free survival rates were 81%
and 51%. Two-year renal survival rates in the
ASCT-only group were surprisingly low at
62%. However, on multivariate analysis, only
troponin Idand not inductiondwas predictive
of OS. There was only a trend toward beneﬁt
Mayo Clin Proc. n August 2015;90(8):1054-1081
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with bortezomib and dexamethasone induction,
potentially due to small sample size.
Another test of bortezomib induction before
ASCT had comparable CR rates. In this study,
35 patients were treated with biweekly bortezomib and dexamethasone for 2 cycles as part of
a phase 2 study.108 Five patients who were transplant eligible at enrollment had clinical deterioration during induction, necessitating withdrawal
before ASCT. Those who underwent ASCT also
had bortezomib included as part of their conditioning regimen. By ITT analysis, CR and VGPR
rates were 55% and 16%, respectively.
In another prospective trial, which included
100 newly diagnosed patients considered candidates for ASCT, patients were randomized
to receive either 2 cycles of oral melphalan
and prednisone before ASCT or immediate
ASCT.109 With median follow-up of 45
months, the OS rate was no different between
the 2 groups. Fewer patients received ASCT in
the 2-cycle oral melphalan group because of disease progression during the oral chemotherapy
phase of the study; this was particularly notable
for patients with cardiac involvement. There
was a trend toward an OS disadvantage with
oral melphalan and prednisone in patients
with cardiac involvement.
Similarly, a phase 2 trial by Perz et al94
indicated that administering vincristine,
doxorubicin, and dexamethasone for 2 to 6
cycles before high dose melphalan with SCT
did not increase the hematologic response
rate. Twenty-eight patients were included in
the trial, but only 24 made it to stem cell chemomobilization and ASCT. Three-year OS
from ASCT was 71% on an ITT basis. The authors concluded that this therapy seemed to
be equivalent to that seen without previous
induction therapy.
Guideline. Consolidation therapy for patients
eligible for SCT can be considered in patients
not achieving a VGPR or better.
Level of Evidence. IV
Grade of Recommendation. B
There are 2 tandem transplant trials and 2
chemotherapy trials addressing consolidative
chemotherapy in AL amyloidosis after ASCT
(Table 6). Sanchorawala et al111 performed a
prospective trial testing whether a second

http://dx.doi.org/10.1016/j.mayocp.2015.06.009
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TABLE 6. Induction and Consolidation Before and After ASCTa

Therapy
Induction
B-Dex  2 þ ASCT110
vs ASCT110
Oral melphalan  2 þ ASCT109
vs ASCT
B-Dex  2 þ ASCT108
VAD94
Consolidation
Tandem ASCT111
Tandem ASCT112
ASCT / thal-dex96
ASCT / bortezomib97

2 organs OHR/CR
(%)
(%)b

Participants
(No.)

No previous
Rx (%)

28
28
48
52
35
28

100

59

100

74

97
89

86
54

53
68

85
87

42
40

100-200
100-200

Median
follow-up
(mo)

86/68 vs
48/36
NR/17
NR/21
77b/57
43/39

NR

>44
62

NR/60
6/NR

43
47-51

4
10

60/20d
55/27d

31
45

45
36
31

Overall
survival
2-y 95% vs
2-y 69%
5-y 39%
5-y 51%
5-y 84%
3-y 71%
4-y 80%c
Median 68
mo/47 mod
2-y 81%
3-y 82%

ASCT ¼ autologous stem cell transplant; B-Dex ¼ bortezomib and dexamethasone; CR ¼ complete response; NR ¼ not
reported; OHR ¼ overall hematologic response; Rx ¼ treatment; thal-dex ¼ thalidomide-dexamethasone; VAD ¼ vincristine,
doxorubicin, and dexamethasone.
b
Very good partial response or better.
c
This value also includes the 9 patients who never received ASCT owing to inadequate stem cell collection; all other values are based on
the 53 who received at least 1 ASCT.
d
For patients with coexistent multiple myeloma.
a

consolidative (tandem) ASCT could induce a
CR in patients who had not achieved a CR 6
months after a ﬁrst ASCT with 200 mg/m2 of
melphalan. Sixty-two patients were enrolled:
9 did not receive a ﬁrst ASCT owing to complications with collection or inadequate collection, 4 died within 100 days of a ﬁrst ASCT,
and 27 achieved a CR 6 months after the ﬁrst
ASCT. Seventeen patients had a second
ASCT, with 1 dying within 100 days and 5
achieving a CR. The other 9 patients who had
not achieved a CR with a ﬁrst ASCT did not
proceed to a second ASCT owing to patient
choice or excessive nonhematologic toxicities
during a ﬁrst ASCT. The overall CR rate was
56% by ITT and 60% if one includes only the
53 patients who received at least 1 ASCT.
The second tandem trial and the 2 chemotherapy trials were designed to test the possibility of treating older or slightly sicker patients
with attenuated-dose melphalan conditioning
followed by either consolidative ASCT112 or
chemotherapy.96,97 The tandem ASCT study using attenuated-dose melphalan (100 mg/m2 per
transplant) was a phase 2 trial that included 68
patients with AL amyloidosis. Fifty-nine patients
were labeled as “AL amyloidosis only” because
they had fewer than 30% bone marrow plasma
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cells and no CRAB, and 9 were called “AL
amyloidosis with MM.” The AL amyloidosis
with MM group received induction with
thalidomide and dexamethasone and was
scheduled to receive maintenance with thalidomide and dexamethasone after a second
ASCT, but it is unclear whether any patients
made it to the maintenance phase. Just less
than half of the AL amyloidosiseonly group
received a second ASCT, and 2 of 9 patients
with AL amyloidosis with MM received a second ASCT. The OS was 68 months or 47
months for AL amyloidosis only or AL
amyloidosis with MM, respectively, and median progression-free survival was 38 months
and 16 months, respectively.112
The 2 phase 2 trials testing consolidative
chemotherapy were from Memorial Sloan
Kettering. In these trials, patients not
achieving a CR received consolidative thalidomide  dexamethasone96 or bortezomib 
dexamethasone.97 In the former study, 31 patients began consolidative therapy, with 52%
completing 9 months of treatment and 42%
achieving a deeper hematologic response.
By ITT analysis, the overall hematologic
response rate was 71% (36% CR), with 44%
having organ responses.96 In the latter study,
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17 of 23 patients undergoing ASCT received
consolidative bortezomib and dexamethasone; overall, 74% achieved a CR and 58%
had organ responses.97
The body of literature that demonstrates
inferior survival in those not achieving the
deepest responses would support the concept
of consolidative therapy after ASCT in poor
responders.42 Whether the attainment of a
deeper response is purely “prognostic”d
demonstrating poor chemosensitivity and
predicting shortened survivaldor whether a
deeper response can serve as a goal that will
alter a patient’s subsequent outcome has not
yet been proved. The logic of the second
supposition, however, is appealing from a
pathogenic standpoint, ie, that the circulating free light chain is the source of organ
damage through either direct toxicity or ﬁbril
formation; reducing the “toxin” should improve
outcomes. Under the same premise, we recommend post-ASCT consolidation therapy in patients not achieving at least a VGPR at day
100 after ASCT or within 4 cycles of nonASCT therapy.
Guideline. Maintenance therapy after ASCT is
not recommended outside of clinical trials.
Level of Evidence. V
Grade of Recommendation. D
Because there are no trials or series addressing this question, we do not recommend postASCT maintenance therapy.
Guideline. Allogeneic hematopoietic SCT is
not recommended outside of clinical trials.
Level of Evidence. V
Grade of Recommendation. D
Allogeneic hematopoietic SCT is not a standard therapy for patients with AL amyloidosis.
There are no prospective clinical trials, only
small case series.113,114 The European Group
for Blood and Marrow Transplantation registry
reported 19 patients with AL amyloidosis who
underwent allogeneic (n¼15) or syngeneic
(n¼4) hematopoietic SCT between 1991 and
2003.115 With median follow-up of 19 months,
OS and progression-free survival rates were
60% and 53%, respectively, at 1 year. Forty
percent of patients died of TRM.
Mayo Clin Proc. n August 2015;90(8):1054-1081
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Guideline for ASCT for Patients Undergoing
Hemodialysis. An ASCT is feasible, especially
if renal allograft is being considered.
Level of Evidence. V
Grade of Recommendation. B
Once a patient with AL amyloidosis has
started dialysis, it is highly unlikely that renal
function will ever return without a renal allograft.
An ASCT can be performed safely in these patients as long as there is attention to dose adjustment of melphalan and supportive care
medications. If there is even mild cardiac disease,
the level of soluble cardiac biomarkers will be
higher due to the impaired glomerular ﬁltration
rate, and the patient’s cardiac status should be
evaluated by other functional means to determine
ASCT eligibility. All data supporting these recommendations are from case series116 and personal
experience, but TRM in selected patients ranges
from 6% to 13%.116 Comparable CR rates have
been observedd53% in one seriesdbut median
OS in this same series was only 25 months. The 8
patients with a CR, however, had median OS of
4.5 years.
Guideline. An ASCT in patients with underlying
lymphoproliferative disease or IgM monoclonal
protein is a reasonable option.
Level of Evidence. V
Grade of Recommendation. B
Limited information exists to guide treatment.
The largest transplant series is from Mayo Clinic;
22 of 434 patients with AL amyloidosis undergoing ASCT for AL amyloidosis had an IgM monoclonal protein in their serum.117 Overall survival
was comparable in IgM and non-IgM patients,
although baseline characteristics between the 2
groups differed slightly. The IgM patients were
older and were more likely to have peripheral
neuropathy and lower involved free light chain
and NT-proBNP levels. An ASCT is feasible,
and either single-agent melphalan or busulfan,
etoposide, cytarabine, melphalan conditioning
can be considered in select patients.118,119
INITIAL THERAPY FOR PATIENTS INELIGIBLE
FOR SCT
Clinical trials are again the preferred strategy;
however, in the absence of a trial, a variety of
options can be considered.
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TABLE 7. Standard Chemotherapy for Immunoglobulin Light Chain Amyloidosisa
Therapy

Participants
(No.)

MP83-86,120
VBMCP120
Melphalan IV21
Dex121
Dex122
Dex123
Dex-IFN124
VAD21,125-129
Mel-Dex48,75
Mel-Dex73
Mel-Dex130
Mel-Dex29
Mel-IV-Dex131
Mel-Dex132

w200b
49
20c
19
25
23
93
32c
46
50
140c
40c
61c
70c

No previous 2 organs OHR/CR
Organ
Rx (%)
(%)
(%)
response (%)
Majority
100

NA
NR

26
100
43
84
NR
100
100
100
100
100
0

NR
NR
52
71
NR
76
68
NR
80
92
>50

28
29/NR
50
53/31
40/12
NR
31/14
42-50
67/33
72/24
51/12
58/13
44/11
26/8

20-30
30
.
16
12
35
35
.
48
39
>20
NR
25
NR

Median follow- Median survival
up (mo)
(mo)
NA
35
27
18
33
41
NR
60
36
60
NR
27
17

18-29
29
w50
11
13.8
24
31
.
61
60
20
10.5
17.5
66% at 2 y

CR ¼ complete response; Dex ¼ dexamethasone; IFN ¼ interferon-alpha; IV ¼ intravenous; Mel-Dex ¼ melphalan and
dexamethasone; MP ¼ melphalan and prednisone; NA ¼ not applicable; NR ¼ not reported; OHR ¼ overall hematologic response;
VAD ¼ vincristine, doxorubicin, and dexamethasone; VBMCP ¼ vincristine, carmustine, melphalan, cyclophosphamide, prednisone.
b
Conglomeration of multiple trials.
c
Case series/reports.
a

Standard Chemotherapy
Regimen. MDex
Guideline. Valuable ﬁrst-line option.
Level of Evidence. II
Grade of Recommendation. B
Regimen. Melphalan and prednisone
Guideline. Not recommended as ﬁrst-line
therapy because of the availability of better
options.
Level of Evidence. IV
Grade of Recommendation. A-B
Table 7 demonstrates expected outcomes
with standard chemotherapy.48,73,75,83-86,120-132
Melphalan and prednisone doubled the OS rate
compared with colchicine in 2 subsequent randomized trials, making it the standard therapy
for most patients with AL amyloidosis until
the mid-2000s.85,86 Although only 18% of patients responded to melphalan and prednisone,
organ responders enjoyed median survival
of 89 months, whereas nonresponders had
median survival of 15 months.133 Multi-agent
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alkylator-based therapy (vincristine, carmustine, melphalan, cyclophosphamide, prednisone) did not improve OS rates,120 but
replacing prednisone with dexamethasone
improved response and OS rates.48
In 2004, Palladini et al48 reported their experience with MDex in patients who were not transplant candidates. Hematologic response rates of
67%, including 33% CRs, and organ response
rates of 48% were reported.48 These patients
had median OS of 5.1 years and progressionfree survival of 3.8 years.75 The value of MDex
was further validated in a prospective randomized study of 100 patients randomized to receive
ASCT with high-dose melphalan compared with
oral MDex.73 In this highly selected population,
on an ITT basis, median survival for MDex was
57 months.
Two other phase 2 studies examining MDex
had markedly inferior results, with 3-month
mortality of 23% and 28% and median OS of
10.5 and 17.5 months.29,131 These 2 series
included patients with severely impaired cardiac
function as assessed by soluble cardiac biomarkers, demonstrating the relationship between
patient selection and outcome.101
The historical concern for myelodysplastic
syndrome in patients with AL amyloidosis
receiving oral alkylators has been attenuated by
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more recent data demonstrating rates of myelodysplasia of 2.4%48,75 rather than the historical
rate of 7% of the total patient population, with
42-month actuarial risk of myelodysplasia or
acute leukemia of 21%.134 This lower rate is
attributed to the modest total dose of melphalan
administered (median, 288 mg; range, 48-912
mg), even considering the additional cycles delivered in relapsing patients.48,75
Immune Modulatory Drugs
Regimen. Thalidomide, cyclophosphamide,
and dexamethasone
Guideline. Potential beneﬁt as ﬁrst-line therapy.

of thalidomide with cyclophosphamide and dexamethasone.139 A hematologic response occurred
in 74% of 65 evaluable patients, including complete hematologic responses in 21%. With median follow-up of 22 months, median estimated
OS from commencement of treatment was 41
months. Toxicity was not adequately assessed
because this was not a clinical trial, and further
study of this combination has shown it to be
less well tolerated than previously thought.140
Palladini et al141 treated 22 newly diagnosed
patients with cardiac involvement with the combination of melphalan, thalidomide, and dexamethasone. Despite a hematologic response rate
of 36%, only 20% of patients were alive at 1
year, and toxicity was signiﬁcant.

Level of Evidence. IV
Regimen. Lenalidomide and dexamethasone
Grade of Recommendation. B
Regimen. Thalidomide and dexamethasone
Guideline. Thalidomide and dexamethasone
cannot be recommended as a ﬁrst-line regimen.

Guideline. Not recommended as ﬁrst-line
therapy.
Level of Evidence. III
Grade of Recommendation. B

Level of Evidence. V
Regimen. Lenalidomide,
dexamethasone

Grade of Recommendation. B
Regimen. Thalidomide,
dexamethasone

melphalan,

and

Guideline. Thalidomide, melphalan, and
dexamethasone cannot be recommended as a
ﬁrst-line regimen.

melphalan,

and

Guideline. Not recommended as ﬁrst-line therapy except perhaps for patients with excellent
performance status.
Level of Evidence. III
Grade of Recommendation. C

Level of Evidence. II
Grade of Recommendation. B
Thalidomide as a single agent has heightened toxicity in patients with amyloidosis, and
no hematologic or organ responses have been
reported (Table 8).135-137 In contrast, using
thalidomide combined with dexamethasone,
48% of 31 patients achieved a hematologic
response, with 8 organ responses (26%). Median
time to response was 3.6 months (range, 2.5-8.0
months). Treatment-related toxic effects were
frequent (65%), and symptomatic bradycardia
was common (26%).138 None of these patients
were previously untreated.
In contrast, the UK group reported on prospective, observational studies of the combination
Mayo Clin Proc. n August 2015;90(8):1054-1081
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Regimen. Lenalidomide, cyclophosphamide,
and dexamethasone
Guideline. Not recommended as ﬁrst-line
therapy.
Level of Evidence. III
Grade of Recommendation. C
Most of the lenalidomide data come from
trials that combine previously untreated and
previously treated patients with AL amyloidosis.142-144 This makes interpretation of data in
the newly diagnosed population impossible
because, paradoxically, newly diagnosed patients
with AL amyloidosis have inferior survival than
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TABLE 8. Immunomodulatory Derivatives in Patients With Immunoglobulin Light Chain Amyloidosisa
Regimen

Participants
(No.)

Thal 200-800 mg135
Thal/Dex138
Thal 200-800137
Thal 50-200136
Cycl/Thal/Dex139
Mel-Dex-Thal141
Len  Dex142
Len  Dex143
Len  Dex144
Len-Mel-Dex148
Len-Mel-Dex149
Len-Mel-Dex150

16
31
12
18
65c
22
22
69
24
26
25
16

Len-Cycl-Dex151

No previous 2 organs OHR/CR
Organ
Median followRx (%)
(%)
(%)
response (%)
up (mo)
6
0
58
28
41
86
43
6
0
100
92
69

31
61
67
50
50
NR
57
52
NR
62
50
50

25/0
48/0
0
0
74/21
36/5
43/5
47c/16
38/0
58/23
58/8
43/7

0
26
11
11
33
18
26
21
4
50
8
1

NR
32
2b
6b
18
28
17
NR
23
19
17
34

21

0

86

62/5

15

38

Len-Cycl-Dex152

35

69

54

60/11

29

32

Len-Cycl- Dex153

37

65

54

55/8

22

29

Pom-Dex154

33

0

<2

48/3

15

28

Overall
survival
NR
NR
NR
NR
2-y 77%
1-y 20%
2-y 50%
NRd
1-y 50%
2-y 81%
1-y 58%
3-y 70%
PFS 24 mo
3-y 50%
PFS 13 mo
38 mo
PFS 28 mo
3-y w33%
17 mo
28 mo
PFS 14 mo

CR ¼ complete response; Cycl ¼ cyclophosphamide; Dex ¼ dexamethasone; IFN ¼ interferon; Len ¼ lenalidomide; Mel ¼ melphalan;
OHR ¼ overall hematologic response; OS ¼ overall survival; NR ¼ not reported; PFS ¼ progression-free survival; POM ¼ pomalidomide; Rx ¼ treatment; Thal ¼ thalidomide.
b
Median time receiving treatment.
c
Partial response rate based on ﬁrst 34 patients treated. No information on the additional 35 patients.
d
Case series, not a clinical trial.
a

do patients with previously treated AL amyloidosis owing to the initial 30% to 40% death rate
that occurs within the ﬁrst 12 months of diagnosis.16,51 With lenalidomide and dexamethasone, an overall hematologic response occurred
in 38% to 47% of patients, with a CR in 5%
to 16% and median OS ranging from 1 to 2
years. These and other trials have demonstrated
that the starting dose of lenalidomide should be
no higher than 15 mg/d administered on days 1
to 21 every 28 days. Because lenalidomide has
been used to treat AL amyloidosis, serious cardiac and renal toxicity have been reported,
making it imperative to consider drug toxicity
rather than disease progression if patients taking lenalidomide deteriorate.71,144-147 With
the use of immunomodulatory drugs (IMiDs)
in patients with AL amyloidosis, NT-proBNP
and troponin levels frequently rise. Whether
this rise is true cardiac toxicity or an epiphenomenon is unclear, but reversible clinical
deterioration has been shown in patients
treated with lenalidomide.71
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The most promising of the lenalidomide,
alkylator, dexamethasone combinations was
that of melphalan, lenalidomide, and dexamethasone, which was used in 26 newly diagnosed
patients with AL.148 The population was highly
selected because enrollment required an Eastern
Cooperative Oncology Group performance status of 0 or 1. Fifty-eight percent of patients
achieved a partial response, including 23% who
achieved a CR. However, when Dinner et al149
used this regimen in a less highly selected patient
population, CR and OS were substantially lower.
The Boston University group tested this same
regimen in patients with newly diagnosed and
previously treated AL amyloidosis and also found
lower CR rates but fairly comparable OS rates.150
Results with cyclophosphamide, lenalidomide, and dexamethasone do not seem favorable,
but selection criteria for these studies were less
restrictive.151-153 Applying these study results to
the newly diagnosed population is also challenging because 2 of the studies included both
newly diagnosed and previously treated patients,
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and the third included only previously treated
patients. In these studies, hematologic response
rates were approximately 60%, with CR rates of
only 5% to 11%. Median OS for newly diagnosed
and previously treated patients was 17 to 38
months.151-153
Regimen. Pomalidomide and dexamethasone
Guideline. Not recommended as ﬁrst-line
therapy.
Level of Evidence. V
Grade of Recommendation. D
The newest IMiD, pomalidomide, has
been combined with dexamethasone and
produced a hematologic response rate of
41%, including a 43% hematologic response
rate in IMiD-refractory patients.154 All the patients had received previous therapy, so the
regimen has not been tested in the ﬁrst-line
setting. One-year OS and progression-free
survival were 77% and 59%, respectively.
Proteasome Inhibitors
Regimen. Bortezomib  dexamethasone
Guideline. This regimen can be used in newly
diagnosed patients and in relapsed patients,
but the safety of the regimen has not been systematically studied in patients with advanced
cardiac disease.
Level of Evidence. IV
Grade of Recommendation. B
Regimen. Cyclophosphamide,
and dexamethasone (CyBorD)

bortezomib,

Guideline. This regimen can be used in newly
diagnosed patients and in relapsed patients, but
the regimen has not been systematically studied.
Level of Evidence. IV
Grade of Recommendation. B
Regimen. Bortezomib,
dexamethasone

melphalan,

and

Guideline. This regimen can be used in newly
diagnosed patients and in relapsed patients, but
the regimen has not been systematically studied.
Mayo Clin Proc. n August 2015;90(8):1054-1081
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Level of Evidence. IV
Grade of Recommendation. C
Bortezomib seems to be a highly active treatment in patients with AL amyloidosis, but, to
date, there are limited safety (or efﬁcacy) data
generated from prospective clinical trials. There
is a paucity of high-quality data, but the enthusiasm for its use resulted in the publication of a
variety of case series, included in Table 9.
The largest prospective clinical trial
(CAN2007) evaluated single-agent bortezomib
but included only a highly selected patient population.156-158 Patients were excluded if they
had no previous therapy, advanced cardiac disease (NYHA class III or IV), or baseline hypotension.156-158 The CAN2007 trial evaluated 2
schedules of therapy, ie, the standard twiceweekly schedule (days 1, 4, 8, and 11 every 21
days) and a once-weekly schedule (days 1, 8,
15, and 22 every 35 days). The once-weekly
schedule was preferred in terms of toxicity and
dose delivered. Hematologic response rates
were comparable at 67% and 68%, respectively.
The CR rates favored the once-weekly schedule
over the twice-weekly schedule 37% vs 24%.
Median OS for the group was 63 months.
The only prospective randomized trial for
patients with newly diagnosed AL amyloidosis
that incorporates bortezomib  dexamethasone required that patients be transplant
eligible such that they could be randomized
to receive either 2 cycles of bortezomib before
proceeding to autologous stem cell transplant
(ASCT) or immediate ASCT (see the discussion
in the ASCT section).110 In this highly selected
population, the therapy was well tolerated.
The third prospective trial was a pilot for 10
patients with AL amyloidosis and an underlying
lymphoproliferative disorder.159 Most patients
had previous therapy. The hematologic response
rate was 78%, but there were no CRs, and 90%
of patients were alive at 13 months.
The lion’s share of the data comes from small
retrospective studies and includes patients
treated with either bortezomib alone or combined with dexamethasone as part of clinical
practice. Once again, there is a mix of patients
without clearly speciﬁed cardiac risk. The earliest
summation of cases included 94 patients, mostly
relapsed or refractory; the overall hematologic
response rate was 72%, including a CR rate of
25% and an organ response rate of 30%.161 A
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TABLE 9. Proteasome Inhibitors in Patients With Immunoglobulin Light Chain Amyloidosisa
Regimen

Participants
(No.)

No previous
Rx (%)

2 organs
(%)

OHR/CR
(%)

Bor-Dex  2 þ ASCT110 vs ASCT110

56

100

59

Bor-Mel-Dex vs Mel-Dex155

35
35
70
10
17
94d
26d

100

NR

>65
vs >25
NR

14

0
60
100
19
69

>44
40
NR
NR
65

86/68
vs 48/36
76/NR
58/NR
63 (33)b
78/0
94/56
72/25
54/31

24c
0
NR
30
12

52
13
11
12
15

87d,e
87d,e
69d,e
69d,e
17d
20d
23d
60d,f
230d
19d

100

50

NR

26

100

NR

NR

58
100
0
100
100
100

82
NR

69/42
51/19
71/40
80/25
94/71
90/65
74/22
68/17
62/21
84/37

NR
46

13
25
21
14

4-y 67%
1-y 90%
NR
1-y 76%
Median
19 mo
3-y 58%
3-y 45%
1-y 65%
1-y 67%
21-mo 71%
2-y 98%

32
NR
47

12
NR
8

1-y 57%
2-y 67%
2-y 39%

Bor156-158
Bor-Ritux Dex159
Bor-Mel-Dex160
Bor  dex161
Bor þ dex162
Bor-Mel-Dex163 vs Mel-Dex
Bor-Cycl-Dex164 vs Thal-Ctx-Dex
Bor-Cycl-Dex165
Bor-Cycl-Dex166
Bor-Cycl-Dex166
Bor-Cycl-Dex169
Bor-Cycl-Dex167
Bor-Mel-Prednisone168

NR
NR
90

Organ response Median follow-up
(%)
(mo)
28

Overall
survival
2-y 95%
vs 2-y 69%
1-y 86%

ASCT ¼ autologous stem cell transplant; Bor ¼ bortezomib; Cycl ¼ cyclophosphamide; Dex ¼ dexamethasone; Mel ¼ malphalan; NR ¼ not reported; OHR ¼ overall
hematologic response; Rx ¼ treatment.
b
Excluding phase 1 patients.
c
The denominator (n¼62) for this calculation includes some of the 18 dose escalation patients because that group contained 5 of the 15 organ responses.
d
Case series, not a clinical trial.
e
Matched case-control studies.
f
Retrospective look at patients with Mayo 2004 stage III disease.
a

subsequent retrospective study had a lower overall response rate but a comparable CR rate162; median survival, however, was more modest at 19
months162 than 1-year OS of 76%.161
Bortezomib, Alkylator, and Corticosteroid
Combinations
The fourth prospective clinical trial incorporating bortezomib included newly diagnosed
and relapsed patients. It has been reported in abstract form only and is, therefore, very difﬁcult
to interpret.160 The combination of melphalan,
dexamethasone, and bortezomib has produced
response rates of 94%, but follow-up is short
and toxicity data are lacking.160
The remaing reports of combinations of
an alkylator and bortezomib are all case
series165,166,168 and case-control series.163,169
Case series of CyBorD have also been published
with response rates of 93%,165,166 but safety
data are again sparse. In a recent retrospective
case study from Europe that included 230
patients treated with CyBorD, the overall
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response rate was 60%, with 23% of patients
achieving a CR on ITT analysis.167 The most
important risk factor for death was for patients
with Mayo 2004 stage III who had an NTproBNP level of 8500 pg/mL or higher (stage
IIIb). Approximately 66% of these patients died
by 12 months despite the fact that the hematologic response rate of the stage IIIb group was 42%,
including 14% CRs. Thirty-nine percent of stage
IIIb patients who had hematologic response still
had cardiac progression. Patients with lowerstage disease did quite well, with none of the stage
I patients dying in 3 years and more than half of
the stage II and IIIa patients alive at 3 years.167
A case-control study comparing the outcome
of 87 patients treated with bortezomib plus MDex
(BMDex) with that of 87 controls treated with
MDex was performed, matching on presence of
cardiac and renal involvement, Mayo Clinic cardiac stage (2014), NT-proBNP level greater than
or less than 8500 pg/mL, systolic blood pressure
greater than or less than 100 mm Hg, treatment
with full-dose dexamethasone (40 mg on days
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1-4), estimated glomerular ﬁltration rate greater
than or less than 30 mL/min per 1.72 m2, and
dFLC greater than or less than 180 mg/L.163
This study revealed a higher rate of CR with
BMDex (42% vs 19%) but no survival advantage for the group as a whole (58% vs 45%;
P¼.4) or for the highest-risk patients.163 With
median follow-up of 26 months, separation of
the survival curves did not occur in patient
groups with NT-proBNP levels greater than
8500 pg/mL or NYHA class greater than II.
The only group receiving bortezomib that fared
signiﬁcantly better than its case-matched cohort
was the lowest-risk patients, but this observation is confounded by the fact that patients
who received BMDex were from a later periodd
after 2009 (78% vs 32%)da time when more
treatment options were available and possibly
lead time bias related to earlier recognition in a
later cohort; in toto, only 18 of the patients
treated with MDex received bortezomib as
second-line therapy. The authors concluded
that intermediate-risk patients who are not ﬁt
enough to receive high-dose dexamethasone
are likely to obtain the greatest advantage from
the addition of bortezomib to MDex.
The other matched case-control study was
performed by Venner et al.164 They compared
69 patients treated with CyBorD with 69 patients
treated with cyclophosphamide, thalidomide,
and dexamethasone (CTD) in the frontline
setting.164 Patients were matched based on
Mayo cardiac stage (2004), and they aimed to
have similar proportions of patients with high
dFLC and ultra-high NT-proBNP levels, ie,
8500 pg/mL. Their routine practice was to change
regimens if a 90% reduction in dFLC was not
achieved after 3 cycles of therapy. A higher percentage of patients treated with CTD were
switched to an alternative therapy based on these
groups (20% vs 1%). All but 1 patient treated with
CTD received a bortezomib-containing regimen
as second-line therapy. On an ITT basis, overall
response rates were 71% vs 80% in the CyBorD
vs CTD arms (P¼.32). A higher CR rate was
observed in the CyBorD arm vs the CTD arm
(40.5% vs 24.6%; P¼.046). Approximately
25% of patients died within 3 months of starting
therapy. One-year OS was 65% for CyBorD and
67% for CTD (P¼.87), with median follow-up
of 13 and 25 months, respectively. There was
no difference in OS by treatment even when patients were considered by whether they had very
Mayo Clin Proc. n August 2015;90(8):1054-1081
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high NT-proBNP levels. Median progressionfree survival was 28.0 months for CyBorD and
14.0 months for CTD (P¼.04).
In a recent analysis of patients with newly
diagnosed Mayo 2004 stage III,169 1- and 2year OS rates were estimated for patients treated
with different regimens. These authors note the
following anticipated 1- and 2-year OS rates,
respectively, with various regimens in patients
with stage II or II/III: cyclophosphamide þ
lenalidomide þ dexamethasone, approximately
40% and 20% to 24%; CTD/MDex, 46%
and 29%; melphalan þ lenalidomide þ dexamethasone, 22% and 22%; and CyBorD, 57%
and 51%. Caveats to this analysis are that
most of these data were gleaned from small
numbers of patients in observational studies
treated over a long period rather than from
prospective clinical trials, making selection
and reporting bias important confounders.
Other proteasome inhibitorseeg, carﬁlzomib or ixazomibemay also provide beneﬁt
for patients with AL amyloidosis, but there
are inadequate data to make any recommendations in the upfront setting at this time.
NON-ASCT THERAPY FOR PATIENTS WITH
AL AMYLOIDOSIS WITH UNDERLYING
LYMPHOPROLIFERATIVE DISEASE OR IgM
MONOCLONAL GAMMOPATHY
Regimen. Rituxan, bortezomib, and dexamethasone.
Guideline. Potential beneﬁt as ﬁrst line
therapy.
Level of Evidence. V
Grade of Recommendation. B
Regimen. CyBorD as ﬁrst line
Guideline. Potential beneﬁt as ﬁrst line
therapy.
Level of Evidence. V
Grade of Recommendation. B
IgM-associated AL amyloidosis is a rare clinical entity with distinctive clinical characteristics.
Many cases may be localized forms, in which
there is only nodal or soft-tissue involvement
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without visceral involvement. Many of these cases
can merely be observed, but observed more
aggressively if there is a circulating monoclonal
protein and especially if there are circulating
monotypic serum immunoglobulin free light
chains. Chemotherapy is more often reserved
for cases in which there is typical amyloid
deposition in viscera or the nervous system.
Historically, regimens have been borrowed
from the myeloma and Waldenstrom macroglobulinemia armamentaria, but they have
not been tested systematically given the rarity
of IgM-associated AL amyloidosis. These treatments have included single agents and combinations of cladribine, ﬂudarabine, rituximab,
chorambucil, cyclophosphamide, vincristine,
doxorubicin, oral melphalan, corticosteroids,
and ASCT.118,170,171
In a retrospective series of 77 patients there
was a 32% response rate, with no CRs, and it
seemed that the oral alkylators had the lowest
response rates.171 Overall survival was 49
months. In another series of 15 patients, 3-year
OS was 58%.118 Until the incorporation of bortezomib, complete hematologic responses had
been rare, but patients have achieved organ
response rates and OS rates comparable with
patients with pure plasma cell disorders.
There are 2 reports of incorporating bortezomib into the treatment of these patients. The ﬁrst
is a pilot study from Palladini et al.159 They
treated 10 patients with IgM AL amyloidosis
with rituximab, bortezomib, and dexamethasone.159 Hematologic response was achieved in
78% of patients, including 3 refractory to previous rituximab therapy. Two patients had
normalization of their k to l ratio, but none
achieved negative immunoﬁxation. With median
follow-up of 13 months, 1 patient died.
The second report including bortezomib
was that of 8 Japanese patients treated with
CyBorD.172 Four patients had a CR, 2 had a
VGPR, and 2 had a partial response. Five of
6 patients (83%) had organ responses in the
heart or kidney.
Bendamustine and ibrutinib may also be
candidates for study in this patient population.
TREATING RELAPSED OR REFRACTORY AL
AMYLOIDOSIS
Guideline. Base salvage therapies on previous
therapies, with the aim of introducing drugs
1072

Mayo Clin Proc.

n

with other mechanisms of action to treat
relapsed or refractory AL amyloidosis.
Level of Evidence. V
Grade of Recommendation. C
Overall, patients receiving second-line therapy do better than patients receiving ﬁrst-line
therapy owing to the very high death rate that
occurs within the ﬁrst 6 months of diagnosis.
Clearly, getting a rapid and deep hematologic
response is better than not, but patients who
are physically more resilient survive to receive
second- or higher-line therapy. The treatments
outlined in Tables 5, 7, 8, and 9 contain a mix
of newly diagnosed and previously treated
patients. Patients not refractory to bortezomib
should receive a bortezomib-containing regimen
(Figure 2). Those who are not alkylator refractory
are candidates for MDex. For patients who are
bortezomib refractory, lenalidomide and dexamethasone or pomalidomide and dexamethasone are recommended.
SUPPORTIVE THERAPY FOR AL
AMYLOIDOSIS
Guideline. Diuretics are the mainstay of supportive care for cardiac AL amyloidosis.
Level of Evidence. IV-V
Grade of Recommendation. D
Guideline. b-Blockers, angiotensin-converting
enzyme inhibitors and angiotensin receptor
blockers, and calcium channel blockers should
be used with great caution (or not at all) in
cardiac AL amyloidosis.
Level of Evidence. V
Grade of Recommendation. D
There are special considerations in patients
with cardiac amyloidosis. These patients typically
have severe diastolic dysfunction, with a nondilated ventricle leading to increased ﬁlling pressures, often with low cardiac output. The use of
standard medical therapy for heart failure with
reduced ejection fraction, speciﬁcally, b-blockers
and angiotensin-converting enzyme inhibitors or
angiotensin receptor blockers, often worsen patients’ clinical status. Diuretics are the mainstay
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of care, with the best results achieved with a combination of loop diuretics and spironolactone.
Metolazone or periodic thoracentesis may be
considered in select cases.173 b-Blockade may
cause profound hypotension and low cardiac
output and should be avoided. Afterload reduction with angiotensin-converting enzyme inhibitors or angiotensin receptor blockers also tends
to be poorly tolerated in patients with cardiac
AL amyloidosis, especially in those who have
orthostatic hypotension due to autonomic
neuropathy.
Patients with cardiac amyloid are at risk
for intracardiac thrombi174,175; in one study,
35% of patients with AL amyloidosis who
had transesophageal echocardiograms had
atrial thrombi, most of which were located
in the right or left atrial appendages.175 Anticoagulation should be considered, recognizing that life-threatening bleeding is a
potential risk.
For patients with atrial ﬁbrillation, rate control can be a challenge because b-blockade and
calcium channel blockers are often poorly tolerated. Digoxin has been considered contraindicated in cardiac amyloidosis due to concerns
regarding digoxin binding and an increased
risk of toxic effects,176 but digoxin is often
preferred over calcium channel blockers and
b-blockers for rate control in atrial ﬁbrillation.
Nondihydropyridine calcium channel blockers
should be avoided due to their associated bradycardia and negative inotropic effects.177 In our
experience, amiodarone is often helpful for
rhythm control, and selected patients may
beneﬁt from atrioventricular node ablation
with permanent pacing. Patients with cardiac
amyloidosis are susceptible to malignant arrhythmias, including ventricular tachycardia,
ventricular ﬁbrillation, and pulseless electrical
activity.178,179 The role of implantable cardioverter deﬁbrillators is controversial in these patients because both successes and failures have
been documented.179-182 Although appropriate
implantable cardioverter deﬁbrillator device
therapy has been observed in patients with AL
cardiac amyloid, studies to date have not
demonstrated a survival advantage.183 A study
of implanted cardiac rhythm recorders found
that sudden death in AL amyloidosis is
commonly due to pulseless electrical activity,
often preceded by bradycardia.184 Given the
absence of randomized studies, the role of
Mayo Clin Proc. n August 2015;90(8):1054-1081
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implantable cardioverter deﬁbrillator therapy
for primary prevention in cardiac AL amyloidosis remains unclear.
Guideline. Diuretics are the mainstay of supportive care for renal AL amyloidosis.
Level of Evidence. V
Grade of Recommendation. D
In patients with renal involvement, which
is nephrotic syndrome in most, the major
problem is third space ﬂuid distribution due
to hypoalbuminemia. This may be further
exacerbated by coexisting cardiomyopathy.
Diuretics are the mainstay of therapy. It is
not unusual for nephrologists to institute an
angiotensin-converting enzyme inhibitor
based on their management of diabetic nephropathy. There are no data to support this
intervention in AL amyloidosis. Adequate suppression of the underlying clone is the most
important maneuver to improve renal function.185 Patients undergoing dialysis may
struggle with hypotension, which can be successfully managed with predialysis midodrine.
Guideline. A trial of drugs used to treat
symptoms of small ﬁber neuropathy many
be warranted in patients with peripheral
nerve involvement.
Level of Evidence. V
Grade of Recommendation. D
Guideline. Midodrine and pyridostigmine can
help with orthostasis related to autonomic
dysfunction.
Level of Evidence. II
Grade of Recommendation. B
Patients with amyloidosis with neuropathy typically have small ﬁber involvement,
which can be treated symptomatically with
amitriptyline, nortriptyline, gabapentin, pregabalin, or duloxetine. Topical preparations
that include various combinations of lidocaine, ketamine, and amitriptyline may also
provide relief. For patients with neuropathy
due to carpal tunnel syndrome, carpal tunnel
release or carpal tunnel braces are of beneﬁt.
The autonomic insufﬁciency can be difﬁcult
to manage, especially in patients with severe
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nephrotic syndrome or severe cardiomyopathy. Fludrocortisone and salt tablets are useful
only in a few of these patients because they
may aggravate congestive heart failure or peripheral edema. The a-1 receptor agonist
midodrine or the anticholinergic pyridostigmine can improve neurogenic orthostatic
hypotension,186 and metoclopramide, used
in diabetic gastroparesis, can help with gastric
emptying.
Guideline. Consider doxycycline the prophylactic antibiotic of choice.
Level of Evidence. IV
Grade of Recommendation. B
Two retrospective studies were performed
studying outcomes of patients with AL amyloidosis who were treated with doxycycline.187,188
The justiﬁcation for the hypothesis that doxycycline might provide beneﬁt in patients with AL
amyloidosis was derived from in vitro ATTR
studies189 and ATTR189 and AL amyloidosis190
mouse model studies.190,191 In vitro doxycycline
causes TTR ﬁbril disruption. The ﬁrst report was
that of Kumar et al,192 who reviewed outcomes
of patients undergoing ASCT for AL amyloidosis. Doxycycline was used as prophylaxis in
106 of the patients with AL amyloidosis (23%)
undergoing ASCT between 1996 and 2011,
with most of the remaining patients receiving
penicillin. The usual reason for using doxycycline was a history of penicillin allergy. Median
OS for the entire cohort was 161 months (95%
CI, 101-not reported). Median OS for those
receiving doxycycline prophylaxis was not
reached compared with 113 months for the
remaining patients (P¼.09). Looking speciﬁcally
at patients with a hematologic response, median
OS was not reached for the doxycycline group
compared with 161 months for the remaining
patients (P¼.04). Similarly, Wechalekar et al193
performed a case-matched study of newly diagnosed patients with AL amyloidosis with
advanced cardiac involvement who received
doxycycline prophylaxis in addition to frontline chemotherapy with those who did not.
They identiﬁed 16 patients and 22 controls,
all of whom were treated with bortezomibbased therapy. Twelve-month OS was 94%
in the doxycycline-treated group but only
55% in the group without doxycycline.
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ORGAN TRANSPLANT
Solid organ transplant is a controversial intervention in patients with AL amyloidosis. Because the
disease is systemic and presumably incurable,
there is concern that the amyloid will either reoccur in the transplanted organ or progress in
another organ, resulting in a poor outcome. The
best outcomes have occurred in the setting of
careful patient selection, excluding patients with
clinically evident multiorgan involvement, and
in those who received chemotherapy to eradicate
the clone either before or after the solid organ
transplant.
Guideline. Cardiac transplant for AL amyloidosis can be considered in very select patients.
Level of Evidence. V
Grade of Recommendation. C
The results of orthotopic cardiac transplant
are mixed.16 Recommendations are derived
from fewer than 100 transplants described in 8 series. Five-year OS ranges from 18% to 65%. Key
determinants for the best outcomes include
limiting candidates to those who have lower tumor burden and clinical organ involvement
limited to the heart and administering chemotherapy that is effective against the clone. Most patients do not satisfy these criteria, and even those
who are placed on a transplant list do not survive
long enough to receive an orthotopic heart.
Guideline. Renal transplant for AL amyloidosis can be considered in very select patients.
Level of Evidence. V
Grade of Recommendation. C
Many of the reports of renal transplant for
amyloidosis combine AL with AA amyloidosis,
making outcomes for the former condition difﬁcult to discern.16 Options include cadaveric and
living donor transplants. Given the limited cadaveric donor pool and the risk of recurrence or
death related to their underlying AL amyloidosis,
most renal transplants have been performed with
living donors. Five-year OS rates have ranged
from 67% to 78% in carefully selected patients,
once again favoring those with limited disease
and tumor burden and those who receive highly
effective chemotherapy, including ASCT. It is our
current practice to offer renal allografting to patients with AL amyloidosis with end-stage renal
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disease who have already achieved a CR, most
typically after ASCT.
Guideline. Liver transplant for AL amyloidosis is not recommended.
Level of Evidence. V
Grade of Recommendation. C
Unlike hereditary amyloidosis, liver transplant is rarely performed for patients with
AL amyloidosis.16,194,195 Outcomes are poor,
as illustrated by 1- and 5-year OS of 32%
and 22%, respectively, in a series of 9 patients
transplanted in the United Kingdom.
TREATING LOCALIZED AMYLOIDOSIS
The location of the amyloid is an important clue
in recognizing the amyloid as being localized.
The most frequent sites of localized amyloid
are the respiratory tract, genitourinary tract,
and skin.13 Pulmonary amyloid can be subdivided into nodular, laryngeal/tracheobronchial,
and diffuse interstitial. Only the third type represents a manifestation of systemic AL amyloidosis.196,197 The nodular form of amyloid
presents as solitary pulmonary nodules or multiple nodules. This does not represent the systemic form of AL amyloidosis.198 These
nodules are not calciﬁed and often require resection to exclude a diagnosis of malignancy. The
usual treatment for tracheobronchial AL
amyloidosis is yttrium-aluminum-garnet laser
resection of the tissue and, more recently,
external beam radiation therapy.199 Obstructive
ureterovesicular amyloidosis is always localized.
Patients present with hematuria or obstruction.200 Surgery201 and dimethylsulfoxide instillation202 are the standard approaches.
FUTURE DIRECTIONS
There is unprecedented interest in AL
amyloidosis, which has resulted in improved
outcomes for these patients. Clearly, more
work needs to be done, especially in the
realms of earlier diagnosis, salvaging the
35% of patients who seem destined to die
within the ﬁrst 6 months of diagnosis, and
more innovative therapies. Physicians caring
for patients with AL amyloidosis have been
borrowing and customizing therapies used
for patients with MM with varying degrees
of success. One of the biggest failings in the
science of the treatment of AL amyloidosis is
Mayo Clin Proc. n August 2015;90(8):1054-1081
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the paucity of prospective trials, especially
phase 3 trials. There are exciting possibilities
ahead, including the study of oral proteasome
inhibitors, antibodies directed at CD38 or
CS-1, and other novel therapies that are
showing promise in patients with MM.
There are 3 antibodies in clinical trials
that attack the amyloid itself that may
be paradigm shifting (clinicaltrials.gov
Identiﬁers NCT01707264, NCT01777243,
NCT02245867, and NCT02312206). The role
of organ transplant or ventricular assist devices
may hold promise as well.

Abbreviations and Acronyms: AH = amyloid heavy chain;
AL = amyloid light chain; ASCT = autologous stem cell
transplant; ATTR = amyloid transthyretin; B-Dex = bortezomib and dexamethasone; BMDex = bortezomib plus
melphalan and dexamethasone; BNP = brain natriuretic
peptide; Bor = bortezomib; BP = blood pressure; CR =
complete response; CRAB = hypercalcemia, renal insufﬁciency, anemia, or bone disease; CTD = cyclophosphamide,
thalidomide, and dexamethasone; CyBorD = cyclophosphamide, bortezomib, and dexamethasone; Cycl = cyclophosphamide; Dex = dexamethasone; dFLC = difference
between involved and uninvolved serum immunoglobulin
free light chain levels; eGFR = estimated glomerular ﬁltration
rate; FISH = ﬂuorescent in situ hybridization; FLC = free
light chain; HSCT = hematopoietic stem cell transplant;
Hs-Tnt = high sensitivity troponin T; IFN = interferon; ITT =
intention-to-treat; IMiD = immunomodulatory drug; Len =
lenalidomide; MDex = melphalan and dexamethasone;
Mel = melphalan; MM = multiple myeloma; NT-proBNP =
N-terminal brain natriuretic peptide; NYHA = New York
Heart Association; OHR = overall hematologic response;
OS = overall survival; PFS = progression-free survival; PR =
partial response; PS = performance status; POM = pomalidomide; Rx = treatment; SCT = stem cell transplant;
thal-dex = thalidomide-dexamethasone; TRM = treatment-related mortality; VAD = vincristine, doxorubicin,
and dexamethasone; VBMCP = vincristine, carmustine,
melphalan, cyclophosphamide, prednisone; Vd = velcade
and dexamethasone; VGPR = very good partial response
Grant Support: This work was supported in part by the
Robert A. Kyle Hematologic Malignancies Program, the
Jabbs Foundation, and the Predolin Foundation.
Potential Competing Interests: Dr Dispenzieri has
received research support from Celgene, Millenium, Pﬁzer,
Jannsen, and Alnylam. Dr Kumar as received research support from Celgene, Novartis, Onyx, Millennium, Sanoﬁ,
and Janssen. Dr Reeder has received research support
from Celgene, Novartis, and Millennium. Dr Mikhael has
received research support from Celgene, Onyx, Abbvie,
and Sanoﬁ. Dr Grogan has received research support
from Pﬁzer; and consulting fees from Prothena. Dr Fonseca
has a patent for the prognostication of multiple myeloma
based on genetic categorization of the disease; has received
consulting fees from Celgene, Genzyme, BMS, Bayer, Lilly,

http://dx.doi.org/10.1016/j.mayocp.2015.06.009

1075

MAYO CLINIC PROCEEDINGS

Onyx, Binding Site, Novartis, Sanoﬁ, Millennium, and
AMGEN; has sponsored research from Onyx; and is a
member of the scientiﬁc advisory board of Applied Biosciences. Dr Ailawadhi has received honoraria from Millennium and Amgen. Dr Bergsagel has received research
support from Novartis and Constellation Pharmaceuticals;
and consultant fees from Amgen, Janssen, Sanoﬁ-Aventis,
Mundipharma, and BMS. Dr Stewart has received research
support from Celgene and Millennium Pharmaceuticals;
and consulting fees from Novartis and Millennium Pharmaceuticals. Dr Gertz has received research support from ISIS
and Prothena; and honoraria from Celgene, Millennium
Pharmaceuticals, and Novartis.
Correspondence: Address to Angela Dispenzieri, MD, Division of Hematology, Mayo Clinic, 200 First St, Rochester,
MN 55905 (dispenzieri.angela@mayo.edu).

APPENDIX
Levels of Evidence and Grades of Evidence for
Recommendations
Level
I

II

III

IV

V

Type of evidence
Evidence obtained from meta-analysis of
multiple, well-designed, controlled studies;
randomized trials with low false-positive and
false-negative errors (high power)
Evidence obtained from 1 well-designed
experimental study; randomized trials with
high false-positive and false-negative errors
(low power)
Evidence obtained from well-designed, quasiexperimental studies, such as nonrandomized,
controlled single-group, pre-post, cohort,
time, or matched case-control series
Evidence from well-designed, nonexperimental
studies, such as comparative and correlational
descriptive and case studies
Evidence from case reports and clinical examples

Grade
A

B
C
D

Grade for recommendation
There is evidence of type I or consistent
ﬁndings from multiple studies of types II, III,
and IV
There is evidence of types II, III, and IV, and
ﬁndings are generally consistent
There is evidence of types II, III, and IV, but
ﬁndings are inconsistent
There is little or no systematic empirical
evidence
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