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How I treat

How I treat amyloidosis
Raymond L. Comenzo1

1Blood Bank, Stem Cell Processing Laboratory and Neely Cell Therapy Center, Tufts Medical Center, Boston, MA

Amyloidosis is an uncommon disorder in
which proteins change conformation, ag-
gregate, and form fibrils that infiltrate
tissues, leading to organ failure and death.
The most frequent types are light-chain
(AL) derived from monoclonal B-cell dis-
orders producing amyloidogenic immuno-
globulin light chains, and the hereditary
and “senile systemic” (ATTR) variants
from mutant and wild-type transthyretin
(TTR). Diagnosis requires tissue biopsy.
AL is more frequent and causes more
organ disease than ATTR. Although both

can cause cardiomyopathy and heart fail-
ure, AL progresses more quickly, so sur-
vival depends on timely diagnosis. Typ-
ing is usually based on clinical and
laboratory findings with monoclonal gam-
mopathy evaluation and, if indicated, TTR
gene testing. Direct tissue typing is re-
quired when one patient has 2 potential
amyloid-forming proteins. In coming
years, widespread use of definitive pro-
teomics will improve typing. New thera-
pies are in testing for ATTR, whereas
those for AL have followed multiple my-

eloma, leading to improved survival.
Challenges of diagnosing and caring for
patients with amyloidosis include determi-
nation of type, counseling, and delivery
of prompt therapy often while managing
multisystem disease. Recent advances
grew from clinical research and advocacy
in many countries, and global husbandry
of such efforts will reap future benefits
for families and patients with amyloid-
osis. (Blood. 2009;114:3147-3157)

Introduction

Less than 50 years ago, the composition of AL amyloid fibrils was a
matter of controversy.1-3 The connection between a monoclonal
gammopathy (itself a powerful concept of that era) and amyloid
was not clearly comprehended.4 Investigators were caught in a
logical conundrum: amyloid fibrils were composed of an aberrant
protein but not always of the same one.5 There were different types
of amyloid as in Table 1.6 Since that time, investigators developed a
taxonomy based on the several dozen precursor proteins that cause
amyloidosis. We now confront the problem of diagnostic confi-
dence in typing amyloid, knowing that different therapies exist for
different types.7-9 We also struggle with the core clinical issue: the
heart of the matter is that amyloidosis often attacks the heart.10

How I treat amyloidosis begins with typing the disease,
determining the extent of organ (particularly heart) involvement,
and deciding on appropriate therapy, whenever feasible on a
clinical trial. Effective therapy requires a comprehensive approach,
monitoring both the precursor protein we seek to reduce or
eliminate and the markers of organ disease, while providing best
supportive care. In this report, I use a case-and-comments approach
focused on AL, the type afflicting 10 patients per million person-
years, including 10% to 15% of patients with myeloma or
Waldenström macroglobulinemia.11

Case 1: a woman with hepatosplenomegaly,
proteinuria, and bleeding

A 49-year-old woman presented with early satiety, right upper
quadrant fullness, hepatosplenomegaly, alkaline phosphatase
380 U/L (normal, range, 0-115 U/L), thrombocytosis, prolonged
prothrombin time (PT)/partial thromboplastin time (PTT), albumin
2.1 g/dL, creatinine 1.9 mg/dL, and 12 530 mg/day of proteinuria.
PT/PTT corrected with mixing and factor X was 6%. Marrow

contained 12% �-restricted plasma cells and vascular amyloid.
Serum immunofixation showed a monoclonal IgG� (IgG,
730 mg/dL), and amyloidosis was diagnosed by rectal biopsy. AL
type was inferred based on the presentation and factor X deficiency.
The biopsy site bled for 6 days despite fresh frozen plasma.
Echocardiogram and electrocardiogram were unremarkable. Liver
span measured by noncontrast CT was 29 cm. After vaccination,
elective splenectomy was performed with recombinant activated
human factor VII. Postoperative factor X increased to 26%.

The patient consented to stem cell transplantation (SCT) on
protocol with high-dose melphalan (140 mg/m2 because the creati-
nine clearance was � 51 mL/min). Three months after SCT, she
had achieved a complete hematologic response (CR). Three years
after SCT, liver span was 12 cm, factor X 60%, and proteinuria
490 mg/day. Hematologic and organ responses have been main-
tained for more than 10 years. When the free light chain (FLC)
assay became available, a baseline frozen serum sample showed
�-FLC 185 mg/L (normal, 5.7-26.3 mg/L) with an abnormal �-to-�
ratio of 0.07 (normal, 0.26-1.65). Post-SCT samples showed
minimally elevated FLC levels with a ratio of 1.25.

Comments

Severe factor X deficiency (� 25%) occurs in 2.5% of patients withAL,
usually with hepatosplenic involvement, and is the result of adsorption
of calcium-binding vitamin K–dependent factors to amyloid depos-
its.12-14 Splenectomy can ameliorate the deficiency and, in young
SCT-eligible patients, should be considered because the peri-SCT
mortality with severe deficiency is 50%.14 Splenic rupture during stem
cell mobilization is an additional concern (a rare event in healthy
persons during granulocyte colony-stimulating factor mobilization).15

Although splenectomy effectively increased factor X in this patient, it
may not work as well in patients without splenomegaly.12
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In addition to factor X deficiency, this patient also had renal
insufficiency. The proteinuria in amyloidosis is predominantly
albuminuria with limited nonselective spillage; hence, the reduced
serum albumin.16 Patients with impaired renal function often
experience increased toxicity with melphalan at 200 mg/m2;
therefore, the dose was attenuated to 140 mg/m2 to minimize
occurrence of renal failure requiring dialysis, the risk of which is
5% (14 of 277) in one large series.17-19 Although risk-adapted
melphalan probably reduces peri-SCT mortality, it may also reduce
efficacy.20,21 However, there has not been a head-to-head compari-
son of melphalan 200 mg/m2 versus 140 mg/m2, so the relative
impact of risk-adapted dosing on survival has not been accurately
ascertained.

Response and survival rates with SCT appear to exceed those of
oral melphalan and prednisone, a prior standard therapy for AL,
although selection bias is obviously a factor.22,23 CR post-SCT is
associated with prolonged survival and organ responses.24 The
regression of hepatomegaly results from turnover of amyloid and
probably hepatic regeneration. Similar significant responses have
been noted in patients with autonomic or peripheral neuropathies.
In patients with renal amyloidosis who achieve CR, significant
improvements occur in proteinuria and serum albumin but not
creatinine clearance.25 The kidneys may not effectively turn over
amyloid deposits or regenerate, and patients remain at risk of renal
failure from other insults, such as dehydration or statin-related
rhabdomyolysis. In patients with cardiac amyloidosis, negative
effects of amyloid-forming light chains are reversed with CR, as
evidenced by reductions in brain natriuretic peptide (BNP) and
troponin and improvements in functional status and survival.26

However, only 20% of patients with CR demonstrate reductions in
septal or mean left ventricular wall thickness.26 In addition, even
with CR, sequelae, such as arrhythmias, progressive left ventricular
failure, or sudden death, can occur over time.27

Among newly diagnosed patients with AL, 30% have 3 or more
major organ systems involved (heart, kidneys, liver/gastrointestinal
tract, peripheral nervous system), whereas the majority have 1 or
2 involved. (Table 1 describes the usual pattern in different types of
amyloidosis.) Diagnosis requires Congo red staining of tissue from
an involved organ or surrogate site (abdominal fat, gingiva, or
rectum) and appreciation of the classic microscopic apple-green
birefringence in polarized light (Figure 1A).28 Immunohistochemi-
cal staining for typing is unreliable, and routine procurement of an
additional sample for immunogold electron microscopy is recom-
mended.7,29 Renal biopsies possess moderate reliability because of
immunofluorescent staining of unfixed tissue for typing and the
completeness of the pathologic evaluation (staining for fibrinogen,
Congo red, electron microscopy).30

This patient was treated before the FLC assay became available.
The serum FLC assay, combined with serum and urine immunofix-
ation, has become essential to the management of patients with AL,
identifies the pathologic FLC, and provides the target for therapy.31,32

It reports absolute levels of � and �-FLCs and the �-to-� ratio.
FLCs are metabolized by renal tubular cells, and their measurement
is influenced by renal function.31,33 Persons with renal insufficiency
without monoclonal gammopathies have �-to-� ratios that remain
within a broad normal range.34

The clonal plasma cell disease in AL is usually � (ratio of �-to-�
clones is 1:4) probably because the 3r and 6a (IGLV6–57) �
variable region germline donors account for 40% of cases.35,36

Pathologic FLCs are widely distributed in body tissues and
misfold, forming intermediates possibly injurious to normal cells.37,38

In this view, fibrils may be less toxic than FLC intermediates until
the fibrillar burden overwhelms organs and patient.6 These pro-
cesses remain black boxes, but computational biology and empiric
experimental approaches may reveal their mechanisms.39,40

Case 2: an elderly man with heart failure,
orthostasis, and proteinuria

Six months after stenting of 2 coronary arteries, a 71-year-old black
man reported new-onset dyspnea, lightheadedness, and abdominal
cramping. Echocardiogram showed diastolic dysfunction, concen-
tric left ventricular hypertrophy, septal thickness 1.4 cm, and left
ventricular ejection fraction 60%. On examination, he was ortho-
static by blood pressure but not pulse, had jugular venous
distension, reduced aeration at the right base, hepatomegaly,
epigastric discomfort, and 2� edema to the knees. Complete blood
count and PT/PTT were normal. Electrocardiogram showed loss of
voltage compared with 6 months previous. Endomyocardial biopsy
showed amyloidosis. BNP was 3520 pg/mL (normal, 0-100 pg/
mL) and troponin I 0.69 ng/mL (normal, � 0.06 ng/mL). Protein-
uria was 2550 mg/day and creatinine clearance 74 mL/min. Alka-
line phosphatase was elevated at 315 U/L. Marrow showed 23%
�-restricted plasma cells and �-FLCs were 1260 mg/L with an
abnormal ratio. Transthyretin gene sequence was wild-type.

The diagnosis of AL amyloidosis involving heart, autonomic
nervous system, kidneys, and liver was inferred based on the extent
and tempo of disease. He began 4 consecutive days per month of
oral melphalan (0.18 mg/kg per day) and dexamethasone (20 mg/
day), and continued diuretics with daily weight and vital sign
monitoring, compression stockings, and a bowel regimen to prevent
constipation. After 2 months of therapy, �-FLCs were 115 mg/L, BNP
2650 pg/mL, and troponin I 0.39 ng/mL. He completed 1 year of
therapy to a total oral melphalan dose of 544 mg. Orthostasis and
constipation resolved, and he became New York HeartAssociation class
IIA. Diuretics (torsemide and eplerenone) were adjusted depending on
weight. �-FLC nadired at 42 mg/L, BNPat 1640 pg/mL, and proteinuria
at 570 mg/day. After 2 years, he reported worsening dyspnea. �-FLCs
were 220 mg/L, and BNP and diuretic requirement increased. He was

Table 1. Several types of systemic amyloidosis

Amyloid type Precursor protein Clinical presentations

AL kappa or lambda light chains Cardiac, renal, hepatic/GI, PNS, soft tissues

ATTR Mutant transthyretin Cardiac, PNS

Senile systemic Wild-type transthyretin Cardiac, pulmonary, PNS

AA* Serum amyloid A Renal

A Fib Mutant fibrinogen A alpha Renal, hepatic

AApo-A1 Apolipoprotein A1 Cardiac, renal, hepatic/GI, PNS, skin

GI indicates gastrointestinal; and PNS, peripheral nervous system.
*AA is very rare in the developed world, but cases still occur in association with chronic infection, severe gout, ulcerative colitis, and metastatic renal cancer.

3148 COMENZO BLOOD, 8 OCTOBER 2009 � VOLUME 114, NUMBER 15

 For personal use only. at TUFTS UNIVERSITY on October 8, 2009. www.bloodjournal.orgFrom 

http://bloodjournal.hematologylibrary.org
http://bloodjournal.hematologylibrary.org/subscriptions/ToS.dtl


121     122      123
GTC ATC ACC

Val         Ile        Thr

121     122      123
GTC ATC ACC

Val         Ile        Thr

121    122    123
GTC GTC ACC

ATC 

Val        Val/Ile        Thr

121    122    123
GTC GTC ACC

ATC 

Val        Val/Ile        Thr

E

C

A B

D

Figure 1. Diagnosing and typing amyloidosis. (A) A Congo red stained renal biopsy (left) shows the apple-green birefringence in polarized light (right) indicative of amyloidosis, 200�
(images were acquired using an Olympus BX51 microscope equipped with a 20�/0.5 NA objective and mounted DP12 digital camera, and were further processed [cut out and white
balanced] with Adobe Photoshop CS2). (B) Characteristic amyloid fibrils extracted from the postmortem spleen of a patient with rapidly progressive � AL are shown in a transmission
electron micrograph, 100 000� (image was obtained at the Sloan-Kettering Institute Core Electron Microscopy Facility). Fibrils are 7 to 10 nM in diameter and variable in length. (C) Exon 4
of TTR shows heterozygosity (left, arrow) in an African American man with amyloidosis due to the Val122Ile variant (codons for aa 121, 122, and 123 are shown). Homozygotes (right,
arrow) are rare but can present with severely symptomatic disease in their early 50s. (D) An example of immunogold electron microscopy (IEM) is shown, 50 000� (courtesy of Dr Carl
O’Hara, July 2008; the image was obtained at the Boston University School of Medicine Experimental Pathology Laboratory Service Core). Tissue sections on grids were treated overnight
with primary polyclonal rabbit anti–human antibodies (for � and � light chains and for TTR) and then with goat anti–rabbit gold secondary antibody conjugates. In this instance the patient
had a � light chain paraprotein and mutant TTR. IEM demonstratedATTR. Note how the gold beads sit along the fibrils. (E) The peptides of the FR1 portion of the � light chain from panel B
are identified by liquid chromatography and mass spectrometry of the extracted amyloid protein (liquid chromatography/tandem mass spectrometry were performed at the Proteomics
Resource Center at Rockefeller University).
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treated with lenalidomide and low-dose dexamethasone but developed
fatigue and pneumonia so therapy was changed to low-dose thalidomide
and cyclophosphamide without response. Echocardiogram showed
worsening left ventricular function. He was then treated with 2 cycles
of bortezomib, melphalan, and dexamethasone. �-FLC decreased to
30 mg/L, but recurrent abdominal bloating and ileus led to discontinua-
tion of therapy. Left ventricular function continued to decline despite the
reduction in �-FLC. He remains New York Heart Association class III
surviving nearly 5 years from diagnosis.

Comments

Typing of cardiac amyloidosis in elderly men can be challenging
because of the frequency of senile systemic amyloidosis (SSA)
resulting from wild-type transthyretin (TTR). In addition, mutant
TTR is the most common cause of hereditary amyloidosis, and 4%
of blacks carry the gene for an amyloid-forming mutant TTR in
which isoleucine replaces valine at position 122 (Val122Ile, Figure
1C).41,42 TTR is produced in the liver and minimally in the choroid
plexus, and more than 100 amyloid-forming variants have been
identified. Sequencing exons 2, 3, and 4 of TTR from genomic
DNA allows rapid identification of wild-type and mutants. Muta-
tions cause substitutions that enable the tetrameric TTR protein to
dissociate, increasing the concentration of aberrant amyloidogenic
monomers.43 Why wild-type TTR forms amyloid fibrils and why
SSA occurs with male gender exclusivity remain unknown. Demon-
stration of wild-type TTR by gene sequencing is helpful in ruling
out hereditary ATTR and in diagnosing SSA.44 The drugs diflunisal
and tafamidis stabilize the tetramer in vitro and in vivo and are in
clinical testing for ATTR.45,46

In Portugal and Japan, Val30Met ATTR can present as polyneurop-
athy in patients 20 to 40 years old, leading to disability and early death
unless treated with orthotopic liver transplantation.47 In blacks, Val122Ile
ATTR often presents in the sixth or seventh decade with progressive
heart failure and/or neuropathy but not with proteinuria, although
glomerulosclerosis can mimicAL renal involvement.ATTR variants are
inherited as autosomal dominant traits with high penetrance. Because
blacks have higher incidences of both Val122Ile and monoclonal
gammopathies, a tissue diagnosis of amyloidosis requires testing for
2 potential precursor proteins.48 What happens if the patient has both
Val122Ile and a monoclonal gammopathy? In our experience, only one
of the precursors causes amyloid disease per patient.8 Tissue typing of
amyloid fibrils is then required to determine which is causing disease,
using techniques such as immunogold electron microscopy or protein
separation and identification by mass spectrometry (Figure 1D-E).49,50

Accurate diagnosis is important for the patient because therapy forAL is
marrow toxic, and for the patient’s family because Val122Ile ATTR is
hereditary. In this case, TTR was wild-type and the extent and tempo of
disease allowed the diagnosis of AL (not SSA) to be inferred with
confidence, permitting prompt initiation of therapy. The short-term
electrocardiographic changes in this case are not unusual (Figure 2).

Misdiagnosis of AL is an infrequent but real occurrence. In
a series of 375 patients diagnosed with AL in the United
Kingdom, 10% were misdiagnosed, many because of misinter-
pretation of urine immunofixation findings associated with renal
damage resulting from the fibrinogen A � hereditary variant.7,51

Renal injury resulting from amyloidosis is associated with
spillage of proteins, including Ig-related proteins, in the urine.
Urine immunofixation may then show bands difficult to interpret
for clonality.52 We have not encountered misdiagnosis of AL for
fibrinogen A � in the United States, perhaps because of the
frequency of renal biopsies and standard staining for fibrinogen.

We have, however, identified black and peripheral neuropathy
patients with amyloidosis who have 2 potential precursor proteins,
a variant TTR gene and a monoclonal gammopathy. In those
instances, the risk of misdiagnosis exists and tissue typing is
required.8 Similarly, in elderly men with isolated cardiac involve-
ment and monoclonal gammopathies, tissue typing will distinguish
AL from SSA. Within the next decade, as proteomic techniques
become more widely available, the risk of misdiagnosis will lessen,
provided that the tissue samples tested contain adequate amounts of
amyloid.50 Figure 3 contains an algorithm of our current approach
to amyloidosis.

Treatment of AL has followed that of multiple myeloma. Oral
melphalan and dexamethasone (MDex) and high-dose melphalan
with SCT are considered standard therapies.22,27 The hematologic
response and survival rates achieved in the initial MDex trial were
similar to SCT (Figure 4A).27 The French Myélome Autogreffe
Groupe led a multicenter phase 3 trial randomizing AL patients to
MDex versus high-dose melphalan with SCT (#NCT00344526).53

The median survival of patients in the MDex group was signifi-
cantly better (Figure 4B); however, 13 of the 50 patients assigned
to SCT never received melphalan because of death or early
progression, and 9 died peri-SCT. This high early mortality was the
result of inclusion of patients who would not have been considered
SCT-eligible in the United States and to the limited experience
many centers in the trial had with SCT for AL. Nonetheless, a
landmark analysis examining patients surviving 6 months or more
showed no advantage for SCT. The results with MDex, a 68%
response rate and 57-month median survival, confirmed it as a
standard therapy for AL, noting the risks of myelodysplasia and
secondary leukemia from oral melphalan.54 Current criteria for SCT
eligibility include 1 or 2 major organs involved, left ventricular ejection
fraction greater than or equal to 45%, pulmonary diffusion capacity
greater than or equal to 50%, and systolic blood pressure greater than or
equal to 90 mm Hg. By these criteria, only one-third of newly diagnosed
patients are SCT-eligible. The hematologic and organ responses with
SCT in historical series are in Table 2.

In 37 patients with advanced cardiac AL amyloidosis ineligible
for SCT, MDex had a similar overall response rate but a median
survival in responders of only 22 months; 1 responder died of
secondary leukemia (Figure 4C).55 Similarly, in 22 patients with
advanced cardiac involvement treated at a European center, MDex
plus thalidomide had a median survival in responders of less than
24 months.56 In contrast, in 347 patients with all stages of cardiac
AL amyloidosis, median survival was 70 months in the 51% who
responded to therapy.11 These studies highlight the 2 critical
determinants of survival in AL: the presence and extent of heart
involvement and response to therapy.57

Orthostasis with a drop in systolic blood pressure without concomi-
tant heart-rate response is typical of the presence of both autonomic and
cardiac involvement in AL.58 I-123 meta-iodobenzylguanidine myocar-
dial studies have demonstrated the autonomic abnormalities associated
with cardiac amyloid.59 Use of diuretics and salt restriction to manage
intravascular volume overload, or of �- or calcium-channel blockers for
atrial fibrillation (which did not occur in this case), may exacerbate
orthostasis. In such instances, midodrine may be useful for blood
pressure support and amiodarone for control of atrial fibrillation.
Amiodarone has also been used prophylactically in cardiac amy-
loid patients with documented nonsustained ventricular tachycar-
dia, a practice not yet tested in phase 3 trials.27,60 The excessive
vagal stimulation associated with micturition and straining at
defecation may precipitate sudden cardiac death, often linked to
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electromechanical dissociation.61 It is therefore important to offer
guidance in these areas to patients and their families.

Given the results in multiple myeloma with novel agents added to
standard therapy, efforts are now underway to conduct similar studies in
AL.62 The addition of bortezomib to MDex is particularly justified in
view of the results of the VISTA trial and a recent phase 1/2 trial of
single-agent bortezomib in relapsed AL (see “Case 3, Comments”).62

Phase 3 trials are scheduled to open in 2009 comparing MDex versus
MDex plus bortezomib in newly diagnosed patients withAL not eligible
for SCT with 200 mg/m2 of melphalan. The availability of a validated
staging system for cardiac AL amyloidosis that uses the biomarkers
NT-proBNP and troponin and correlates with survival improved the

design of these trials, allowing patient stratification to be based
objectively on cardiac stage (Figure 4D).63

Case 3: a middle-aged man with edema,
hypoalbuminemia, and proteinuria

A 57-year-old man presented with edema, 9330 mg/day protein-
uria, albumin 2.4 g/dL, and urine immunofixation showing a clonal
� band. Creatinine clearance was normal and renal biopsy showed
amyloidosis, probably � type. Marrow showed 7% �-restricted
plasma cells and �-FLCs were 104 mg/L with an abnormal ratio.

Figure 2. Electrocardiogram changes in AL amyloidosis. (A) Baseline electrocardiogram of an AL patient with no signs of cardiac involvement. (B) Follow-up study only
months later demonstrates changes resulting from cardiac amyloidosis, including pseudo-infarct pattern, and Q waves and loss of voltage in the limb leads. Reprinted from
Wright et al60 with permission.
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There was no evidence of other organ involvement. He was treated
on a clinical trial with melphalan and SCT, followed by adjuvant
therapy with thalidomide and dexamethasone if a strict CR was not
achieved 3 months after SCT. Mobilization and SCT were uncom-
plicated, and post-SCT evaluation showed �-FLC 67 mg/L with an
abnormal ratio and clusters of �-restricted plasma cells in the
marrow. This outcome was neither a complete nor a partial
response (� 50% reduction of prior disease), but rather stable
disease or no response.

The patient received thalidomide and dexamethasone with
aspirin, fluconazole, and trimethoprim-sulfamethoxisole prophy-
laxis. Maximum tolerable dose of thalidomide was 150 mg nightly.
Four-day pulses of dexamethasone 40 mg/day were given twice a
month. Notable side effects were constipation, fatigue, and fluid
retention causing brawny lower extremity edema. After 6 months,
�-FLCs were 24 mg/L with low-normal ratio 0.27 and proteinuria
was stable at 6240 mg/day. At 1 year after SCT, a partial response
was achieved. Two years later, the �-FLC rose to 86 mg/L with an
abnormal ratio and BNP of 386 pg/mL. He reported exertional
dyspnea and required additional diuretics.

He enrolled in a phase 1 trial of bortezomib in relapsed AL and
received 1.6 mg/m2 on the 35-day schedule. After cycle 2, the �-FLC
and ratio had normalized and BNP fell. He received a total of 8 cycles, 6
beyond the point of FLC normalization, and at end-of-study a CR was
achieved. Two years later, CR was maintained, proteinuria and BNP
were normal, and diuretics were discontinued.

Comments

In the phase 1 portion of the trial of bortezomib for relapsed AL
(#NCT00298766), we treated 31 patients in 7 dose cohorts.64 The
major side effects were gastrointestinal, neurasthenic, and cardiac,
and the hematologic response rate was 50% with 20% CR. Gastrointes-
tinal side effects ranged from limited bouts of diarrhea, unpredictable
nausea, and vomiting, to ileus, bloating, and abdominal pain requiring
hospital admission and surgical evaluation. With respect to the gastroin-
testinal side effects,AL patients receiving bortezomib required teaching,
prophylaxis, and monitoring.

A maximum tolerated dose was not reached with either the
21-day (days 1, 4, 8, and 11; highest dose level, 1.3 mg/m2 per dose) or a

35-day schedule (days 1, 8, 15, and 22; highest dose level, 1.6 mg/m2).
Of particular note, the median time to hematologic response was
1.2 months, creating a dilemma regarding duration of therapy. We
currently treat for 4 to 6 cycles beyond maximal response with dose
reductions as needed and are studying the role of molecular markers of
clonal disease in patients achieving CR. The activity of bortezomib in
AL may be related to the dependence of AL clonal plasma cells on
proteasome-related protein quality control processes that enable them to
tolerate aggregation-prone FLC.65

Better patient selection may improve outcomes with SCT. The
staging system for cardiac amyloid identifies patients at high risk
for poor outcomes.63 Elevated troponin T or uric acid, excessive
fluid retention during mobilization, and the absolute value of the
pathologic FLC may predict treatment-related mortality.32,66-68 In
addition, expression of calreticulin, the major calcium-binding
protein in the endoplasmic reticulum, is significantly higher in the
pre-SCT plasma cells of patients achieving a CR compared with
those with no response, a prognostic factor that may eventually
prove helpful but requires prospective validation.69

Using SCT as a platform and adding more therapy to the schema
may also improve outcomes. Tandem autologous SCT, allogeneic
stem cell transplantation, and post-SCT adjuvant therapy are
examples. In a study of tandem SCT, a melphalan 200 mg/m2 SCT
was followed with a melphalan 140 mg/m2 SCT for those not
achieving hematologic CR at 6 months (#NCT00075621).70 Enough
CD34� cells for tandem SCT could not be obtained in 11% of
patients. Treatment-related mortality was 9%, and 52% of patients
achieved CR, including 8% after the second SCT. Median survival
was not reached at 43 months of follow-up. Allogeneic SCT has
been used rarely in relapsed AL with mixed results and cannot be
recommended outside of a clinical trial.71

Thalidomide, lenalidomide, and bortezomib have activity in AL
amyloidosis, either alone or in combination with agents, such as
dexamethasone and cyclophosphamide.72-74 The first study incorpo-
rating a novel agent into SCT was a phase 2 trial using risk-adapted
melphalan and 9 months of post-SCT adjuvant thalidomide and
dexamethasone for those not achieving strict CR (#NCT00089167).21

Treatment-related mortality was 4%. Among the 69% of patients who
received adjuvant therapy, the median dose of thalidomide was 150 mg;
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Figure 3. Algorithm for clinical management of amy-
loidosis.
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16% discontinued adjuvant therapy because of disease progression and
32% because of toxicity. At 1 year after SCT, 78% responded and 39%
had strictly defined CR; 42% of patients who received adjuvant therapy
achieved improved hematologic responses. At median follow-up of
52 months, overall survival is 69% (Figure 4E).

A subsequent phase 2 trial used the same design but substituted
bortezomib for thalidomide (#NCT00458822).75 Of 22 patients
evaluable after SCT, 5 achieved CR and 17 received adjuvant
therapy with bortezomib and dexamethasone for persistent clonal
plasma cell disease. At 1 year after SCT, 94% responded and 71%
had CR; 92% of patients who received adjuvant therapy achieved
improved responses. Half of the patients had organ responses.

Based on these results, a phase 3 trial comparing SCT versus SCT
plus adjuvant bortezomib and dexamethasone would be reasonable.

Case 4: a man with a pulmonary mass and IgA
gammopathy

A 62-year-old man presented with macroglossia, cough, numbness
of the feet, and fatigue and was found to have firm right cervical
nodes and a 5-cm right lower lobe lung mass. Open lung biopsy
showed amyloidosis in both lung mass and parenchyma. Serum
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Figure 4. Survival in systemic AL amyloidosis. (A) Updated survival of the first MDex trial (n 	 46) is shown. Median progression-free and overall survivals are 3.8 and
5.1 years, respectively. Data from Palladini et al100 with permission. Treatment with oral melphalan plus dexamethasone produces long-term remissions in AL amyloidosis.
(B) The phase 3 comparison of MDex (blue curve) and SCT (red curve) shows improved survival for MDex and dramatic early mortality for SCT (n 	 50 in each arm). Reprinted
from Jaccard et al53 with permission. (C) Survival by response is shown for AL cardiac patients not eligible for SCT and treated with MDex (n 	 37). Variables that negatively
influenced survival included baseline troponin I level more than 0.12 ng/mL, interventricular septal thickness more than 1.4 cm, and male sex. Responders had a median
survival of 22 months.55 (D) The survival of AL SCT patients by cardiac stage is shown. Data from Dispenzieri et al63 with permission. Staging is defined by NT-proBNP and
troponin T thresholds of 332 pg/mL and 0.035 ng/mL: stage I, both NT-proBNP and troponin T under threshold; stage II, either over threshold; and stage III, both equal to or over
threshold. (E) Updated survival is shown for AL patients undergoing SCT and then receiving adjuvant thalidomide and dexamethasone therapy if clonal plasma cell disease
persisted (n 	 45).21 At median follow-up of 52 months, 69% of patients survive.
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immunofixation showed an IgA� monoclonal protein (IgA, 720 mg/
dL) and �-FLCs were 430 mg/L with an abnormal ratio. Marrow
biopsy showed CD138� �-restricted plasma cells skirting abnormal
follicles of small CD20� cells faintly staining for �. Lymphoplas-
macytic lymphoma (LL) was diagnosed. BNP was 242 pg/mL and
proteinuria 820 mg/day. Electrocardiogram showed loss of voltage;
echocardiogram and cardiac magnetic resonance imaging (MRI)
were unremarkable. Pulmonary diffusing capacity was 65% pre-
dicted and positron emission tomography/computed tomography
showed widespread adenopathy without 18-fluoro-deoxyglucose
avidity. The diagnosis of systemic AL was inferred based on the
clinical picture.

He received one month of rituximab, 2 months of MDex,
rituximab and cyclophosphamide with granulocyte colony-
stimulating factor for stem cell mobilization and then an autolo-
gous SCT with BEAM (BCNU, etoposide, cytarabine, and melpha-
lan) without complications. After initial treatment and mobilization,
IgA decreased to 340 mg/dL and �-FLC to 185 mg/L. Three
months after SCT, he had achieved a CR, and proteinuria and
numbness resolved. At 1 year after SCT, CR was maintained and he
was asymptomatic with reduction in the size of the lung mass and
other adenopathy.

Comments

The cellular basis of pathologic FLC production in AL is usually a
monoclonal plasma cell disorder; however, in 2% of cases, B-cell
disorders such as LL or other mature B-cell lymphomas can
underlie FLC production and cause AL.76 Although lymphomas
frequently produce clonal IgM paraproteins, they can also produce
IgG and rarely IgA or only FLC. In all cases of AL, the cellular
basis of paraprotein production must be identified. IgM gammopa-
thies cannot be assumed to be Waldenström macroglobulinemia
(WM) because they can also occur with monoclonal plasma cell
disorders. The identification of the cellular basis of FLC production
directly impacts therapeutic decision-making. Recent data regard-
ing the occurrence of AL in patients with WM suggest that a
significant fraction of WM patients may develop symptomatic
AL.77 The FLC assay is helpful in these patients, providing a target
for therapy separate from the M-protein. Standard criteria for AL
organ involvement and response are also useful.78

There is no standard therapy for patients with LL with or
without AL.77,79,80 The CD138� fraction is probably the major
source of FLC, making treatment decisions difficult given the
potential for progressive AL. Nodal involvement with, and nodules
of, amyloid are more common in LL patients, but renal and cardiac
involvement occurs as well.80 Large masses of amyloid and
macroglossia do not occur in hereditary or SSA disease; hence, the
AL type was inferred in this patient. Pulmonary involvement in
systemic AL is probably underdiagnosed and, as in this case, can

cause reduction in diffusing capacity.81 The decision was made to
treat with both rituximab and MDex initially and proceed to a
standard BEAM SCT after mobilization. High-dose melphalan
may have worked as well, although support for the efficacy of
BEAM SCT for lymphoma is substantial.82 Although hematologic
and organ responses were achieved in this case, multicenter clinical
trials are needed to optimize treatment for AL with non-Hodgkin
lymphoma.

Localized single-system amyloidosis can occur in the tracheo-
bronchial tree, lungs, small bowel, or bladder. With respect to
localized pulmonary amyloidosis, tissue typing is advisable be-
cause amyloidosis may be AL associated with monoclonal B cells,
AA associated with inflammation, or rarely ATTR.83,84 Patients
with Sjögren syndrome can be asymptomatic at presentation but
have radiographically striking lung disease resulting from amyloid-
osis and then remain clinically stable for years with either localized
AL or AA.83 However, localized amyloidosis in the aerodigestive
tract usually causes symptoms, ranging from vocal changes with
laryngeal involvement to obstruction and bleeding with bronchial
involvement. Surgical excision and rigid bronchoscopy with focal
laser reduction or external beam radiation may be required for
palliation.85 Pulmonary amyloidosis can be diffuse and nodular
and, in many cases, probably involves local production of FLC by
clusters of clonal cells. Progression to systemic AL as well as
marrow-based monoclonal disease can rarely occur.

Case 5: a young woman with exertional
dyspnea

A 45-year-old social worker began to experience exertional dys-
pnea. Pulmonary evaluation was unremarkable. Six months later,
cardiac catheterization showed normal coronaries, and a cardiolo-
gist diagnosed panic attacks. Over the next 6 months, her symp-
toms worsened. A second cardiologist found mitral valve prolapse
and left ventricular hypertrophy on echocardiogram. Baseline
systolic blood pressure was 95 mm Hg, and she could not tolerate
afterload reduction. Four months later, endomyocardial biopsy
showed amyloid. BNP was 975 pg/mL and troponin I was 0.84 ng/
mL. There was no evidence of other organ involvement. Serum
�-FLCs were 895 mg/L (normal, 3.3-19.4 mg/L) with an abnormal
ratio and marrow studies showed 24% �-restricted plasma cells
containing the t(11;14). She was admitted to hospital emergently
with dyspnea and lightheadedness, responded to diuretics and,
while being prepared for cardiac transplantation evaluation, had a
cardiorespiratory arrest requiring intubation and intensive care. She
died 24 hours later with intractable hypotension and pulseless
electrical activity. There was no evidence of infection.

Table 2. Outcomes with SCT in large historical patient series

Reference N TRM (%) RR/CR* (%) Organ responses (%) Median survival, y MEL 200/reduced dose (%)

17 312 16 NA/27 26 4.6 56/44

97 270 11 71/33 NA NR 67/33

98 92 23 37/20 NA 5.3 69/31

99 107 27 32/16 26 3.9 46/54

N indicates number of patients; TRM, treatment-related mortality; NA, not available; RR, overall response rate (partial and complete); NR, not reached; MEL 200,
melphalan at 200 mg/m2; reduced dose, MEL 140 or 100 mg/m2.

*CR indicates complete hematologic response. It is important to note that the definition of CR has undergone revision since these reports with inclusion of free light chain
measurements. Strict CR in AL can now be defined as serum and urine immunofixation with no evidence of the prior monoclonal protein, normalization of pathologic FLC, and
�-to-� ratio, and marrow aspirate with less than 5% plasma cells without isotype restriction.21
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Comments

In young patients presenting with exertional dyspnea and no
history of hypertension, the presence of a systolic blood pressure of
110 mm Hg or less and left ventricular hypertrophy on echocardio-
gram should trigger consideration of amyloidosis, leading promptly
to cardiac biomarker and FLC testing and endomyocardial biopsy
(sent for Congo red staining and electron microscopy). Approxi-
mately 5% of AL patients present with isolated cardiac involve-
ment. Young patients with stage I or II cardiac involvement and
preserved left ventricular function are usually eligible for SCT,
whereas those with more advanced disease may be eligible for
cardiac transplantation.86-88 Although few centers in the United
States actively list AL cases, one has used “extended donor” grafts
and demonstrated prolonged survival in the 40% of AL recipients
who survive the wait for a donor.88 As in SCT-ineligible cardiac
patients treated with MDex, there is a female sex bias among those
who survive the wait. Kidney, and less frequently liver, transplanta-
tion can also be significantly useful in the management of young
AL patients with organ failure.89,90

The t(11;14) is found in 30% to 40% of AL clones, a higher
fraction than in myeloma. It is usually associated with the
production of clonal FLC only without an intact immunoglobulin.
Although considered indolent, AL clones also have higher expres-
sion of cyclin D1 (CCND1).91,92 Given the frequency of this and
other cytogenetic abnormalities in AL, the plasma cell disorder
causing AL can be considered malignant. How and why such a
large fraction of patients achieve and maintain CR are intriguing.
How t(11;14) and CCND1 overexpression influences clinical
presentation, response to therapy, or likelihood of relapse is
currently under investigation.

In patients with a history of hypertension and similar findings,
cardiac MRI may help to distinguish amyloidosis from hypertro-
phic cardiomyopathy. Whether early MRI is an effective screen is
under investigation. In patients listed for cardiac transplantation,
progression of amyloidosis can occur while waiting. The decision
to treat with chemotherapy is not to be made lightly because
untimely side effects may interfere with timely organ transplanta-
tion. The choice of chemotherapy should take into consideration a
probable role for future SCT; hence, avoidance of oral melphalan is
reasonable.86-88

If cardiologists considered amyloidosis in their differential as
routinely as nephrologists do, and took advantage of new methods
for assessing patients, delays in diagnosis would probably be

reduced. Early diagnosis of cardiac amyloidosis remains the best
strategy for improving outcomes.

In conclusion, in the coming years, although proteomic tech-
niques will make typing amyloid more straightforward, thereby
enhancing diagnostic confidence and reducing misdiagnosis, we
will still confront unique challenges. AL patients may develop
myeloma more frequently, and myeloma patients AL, because both
groups are living longer thanks to recent advances.91,93,94 Because
new drugs are available for ATTR, affected families and persons
have at last become a focus for natural history studies and are
encouraged to participate in registries. Because they are now more
numerous yet still experience late relapse and progression, long-
term survivors with AL have a need for phase 1 and 1/2 clinical
trials and are encouraged to participate in them, and clinical
researchers are urged to respond to that need and test novel agents,
including monoclonal antibodies.95,96 Amyloidosis is a rare global
disorder, and national and international collaboration remains the
key to continued advances in knowledge and treatment.

Acknowledgments

This work is dedicated to the many colleagues and patients who
have contributed over the past several decades to advancing our
understanding and treatment of amyloidosis, and to the staffs of the
Amyloidosis Foundation and the International Myeloma Founda-
tion whose work is ongoing and so often unheralded.

The author thanks all contributors to the Amyloidosis and
Myeloma Research Fund at Tufts, the Tufts Medical Center
Division of Hematology/Oncology, the Demarest Lloyd Jr Founda-
tion, and the Werner and Elaine Dannheiser Fund for Research on
the Biology of Aging of the Lymphoma Foundation for continued
generous research support.

Authorship

Contribution: R.L.C. is the sole author of this manuscript.
Conflict-of-interest disclosure: R.L.C. is on the scientific advi-

sory board of Millennium Pharmaceuticals.
Correspondence: Raymond L. Comenzo, Blood Bank, Stem

Cell Processing Laboratory and Neely Cell Therapy Center, Tufts
Medical Center, Box 826, 800 Washington St, Boston, MA 02111;
e-mail: rcomenzo@tuftsmedicalcenter.org.

References

1. Cohen AS, Calkins E. Electron microscopic ob-
servations on a fibrous component in amyloid of
diverse origins. Nature. 1959;183(4669):1202-
1203.

2. Osserman EF, Takatsuki K, Talal N. Multiple my-
eloma I: the pathogenesis of amyloidosis. Semin
Hematol. 1964;124:3-85.

3. Kyle RA, Bayrd ED. “Primary” systemic amyloid-
osis and myeloma: discussion of relationship and
review of 81 cases. Arch Intern Med. 1961;107:
344-353.

4. Waldenstrom J. Monoclonal and polyclonal gam-
mopathies and the biological system of gamma
globulins. Prog Allergy. 1962;6:320-348.

5. Glenner G, Harada M, Isersky C, Cuatrecassas P,
Page D, Keiser H. Human amyloid protein: diver-
sity and uniformity. Biochem Biophys Res Com-
mun. 1970;41(4):1013-1019.

6. Merlini G, Westermark P. The systemic amyloid-
oses: clearer understanding of the molecular

mechanisms offers hope for more effective thera-
pies. J Intern Med. 2004;255(2):159-178.

7. Lachmann HJ, Booth DR, Booth SE, et al. Misdi-
agnosis of hereditary amyloidosis as AL (primary)
amyloidosis. N Engl J Med. 2002;346(23):1786-
1791.

8. Comenzo RL, Zhou P, Fleisher M, Clark B,
Teruya-Feldstein J. Seeking confidence in the
diagnosis of systemic AL (Ig light-chain) amyloid-
osis: patients can have both monoclonal gam-
mopathies and hereditary amyloid proteins.
Blood. 2006;107(9):3489-3491.

9. Dember LM, Hawkins PN, Hazenberg BP, et al.
Eprodisate for the treatment of renal disease in
AA amyloidosis. N Engl J Med. 2007;356(23):
2349-2360.

10. Selvanayagam JB, Hawkins PN, Paul B, Myerson
SG, Neubauer S. Evaluation and management of
the cardiac amyloidosis. J Am Coll Cardiol. 2007;
50(22):2101-2110.

11. Merlini G, Palladini G. Amyloidosis: is a cure pos-
sible? Ann Oncol. 2008;19(Suppl 4):iv63-iv66.

12. Greipp PR, Kyle RA, Bowie EJ. Factor X defi-
ciency in primary amyloidosis: resolution after
splenectomy. N Engl J Med. 1979;301(19):1050-
1051.

13. Furie B, Voo L, McAdam KP, Furie BC. Mecha-
nism of factor X deficiency in systemic amyloid-
osis. N Engl J Med. 1981;304(14):827-830.

14. Choufani EB, Sanchorawala V, Ernst T, et al. Ac-
quired factor X deficiency in patients with amyloid
light-chain amyloidosis: incidence, bleeding mani-
festations, and response to high-dose chemo-
therapy. Blood. 2001;97(6):1885-1887.

15. Oran B, Wright DG, Seldin DC, McAneny D,
Skinner M, Sanchorawala V. Spontaneous rup-
ture of the spleen in AL amyloidosis. Am J Hema-
tol. 2003;74(2):131-135.

16. Dember LM. Amyloidosis-associated kidney dis-
ease. J Am Soc Nephrol. 2006;17(12):3458-
3471.

TREATING AMYLOIDOSIS 3155BLOOD, 8 OCTOBER 2009 � VOLUME 114, NUMBER 15

 For personal use only. at TUFTS UNIVERSITY on October 8, 2009. www.bloodjournal.orgFrom 

http://bloodjournal.hematologylibrary.org
http://bloodjournal.hematologylibrary.org/subscriptions/ToS.dtl


17. Skinner M, Sanchorawala V, Seldin DC, et al.
High-dose melphalan and autologous stem-cell
transplantation in patients with AL amyloidosis: an
8-year study. Ann Intern Med. 2004;140(2):85-93.

18. Badros A, Barlogie B, Siegel E, et al. Results of
autologous stem cell transplant in multiple my-
eloma patients with renal failure. Br J Haematol.
2001;114(4):822-829.

19. Grazziutti ML, Dong L, Miceli MH, et al. Oral
mucositis in myeloma patients undergoing
melphalan-based autologous stem cell transplan-
tation: incidence, risk factors and a severity pre-
dictive model. Bone Marrow Transplant. 2006;
38(7):501-506.

20. Gertz MA, Lacy MQ, Dispenzieri A, et al. Risk-
adjusted manipulation of melphalan dose before
stem cell transplantation in patients with amyloid-
osis is associated with a lower response rate.
Bone Marrow Transplant. 2004;34(12):1025-
1031.

21. Cohen AD, Zhou P, Chou J, et al. Risk-adapted
autologous stem cell transplantation with adju-
vant dexamethasone �/
 thalidomide for sys-
temic light-chain amyloidosis: results of a phase II
trial. Br J Haematol. 2007;139(2):224-233.

22. Kyle RA, Gertz MA, Greipp PR, et al. A trial of
three regimens for primary amyloidosis: colchi-
cine alone, melphalan and prednisone, and mel-
phalan, prednisone, and colchicine. N Engl
J Med. 1997;336(17):1202-1207.

23. Dispenzieri A, Kyle RA, Lacy MQ, et al. Superior
survival in primary systemic amyloidosis patients
undergoing peripheral blood stem cell transplan-
tation: a case-control study. Blood. 2004;103(10):
3960-3963.

24. Sanchorawala V, Skinner M, Quillen K, Finn KT,
Doros G, Seldin DC. Long-term outcome of pa-
tients with AL amyloidosis treated with high-dose
melphalan and stem-cell transplantation. Blood.
2007;110(10):3561-3563.

25. Dember LM, Sanchorawala V, Seldin DC, et al.
Effect of dose-intensive intravenous melphalan
and autologous blood stem-cell transplantation
on AL amyloidosis-associated renal disease. Ann
Intern Med. 2001;134(9):746-753.

26. Palladini G, Lavatelli F, Russo P, et al. Circulating
amyloidogenic free light chains and serum N-
terminal natriuretic peptide type B decrease si-
multaneously in association with improvement of
survival in AL. Blood. 2006;107(10):3854-3858.

27. Palladini G, Perfetti V, Obici L, et al. Association
of melphalan and high-dose dexamethasone is
effective and well tolerated in patients with AL
(primary) amyloidosis who are ineligible for stem
cell transplantation. Blood. 2004;103(8):2936-
2938.

28. Libbey CA, Skinner M, Cohen AS. Use of abdomi-
nal fat tissue aspirate in the diagnosis of systemic
amyloidosis. Arch Intern Med. 1983;143(8):1549-
1552.

29. Arbustini E, Verga L, Concardi M, Palladini G,
Obici L, Merlini G. Electron and immuno-electron
microscopy of abdominal fat identifies and char-
acterizes amyloid fibrils in suspected cardiac
amyloidosis. Amyloid. 2002;9(2):108-114.

30. Novak L, Cook WJ, Herrera GA, Sanders PW.
AL-amyloidosis is underdiagnosed in renal biop-
sies. Nephrol Dial Transplant. 2004;19(12):3050-
3053.

31. Lachmann HJ, Gallimore R, Gillmore JD, et al.
Outcome in systemic AL amyloidosis in relation to
changes in concentration of circulating free im-
munoglobulin light chains following chemo-
therapy. Br J Haematol. 2003;122(1):78-84.

32. Dispenzieri A, Lacy MQ, Katzmann JA, et al. Ab-
solute values of immunoglobulin free light chains
are prognostic in patients with primary systemic
amyloidosis undergoing peripheral blood stem
cell transplantation. Blood. 2006;107(8):3378-
3383.

33. Dispenzieri A, Kyle R, Merlini G, et al. Interna-

tional Myeloma Working Group guidelines for
serum-free light chain analysis in multiple my-
eloma and related disorders. Leukemia. 2009;
23(2):215-224.

34. Hutchison CA, Harding S, Hewins P, et al. Quanti-
tative assessment of serum and urinary poly-
clonal free light chains in patients with chronic
kidney disease. Clin J Am Soc Nephrol. 2008;
3(6):1684-1690.

35. Comenzo RL, Zhang Y, Martinez C, Osman K,
Herrera GA. The tropism of organ involvement in
primary systemic amyloidosis: contributions of Ig
V(L) germ line gene use and clonal plasma cell
burden. Blood. 2001;98(3):714-720.

36. Perfetti V, Casarini S, Palladini G, et al. Analysis
of V(lambda)-J(lambda) expression in plasma
cells from primary (AL) amyloidosis and normal
bone marrow identifies 3r (lambdaIII) as a new
amyloid-associated germline gene segment.
Blood. 2002;100(3):948-953.

37. Brenner DA, Jain M, Pimentel DR, et al. Human
amyloidogenic light chains directly impair cardio-
myocyte function through an increase in cellular
oxidant stress. Circ Res. 2004;94(8):1008-1010.

38. Khurana R, Gillespie JR, Talapatra A, et al. Par-
tially folded intermediates as critical precursors of
light chain amyloid fibrils and amorphous aggre-
gates. Biochemistry. 2001;40(12):3525-3535.

39. Pellarin R, Guarnera E, Caflisch A. Pathways and
intermediates of amyloid fibril formation. J Mol
Biol. 2007;374(4):917-924.

40. Wall JS, Gupta V, Wilkerson M, et al. Structural
basis of light chain amyloidogenicity: comparison
of the thermodynamic properties, fibrillogenic po-
tential and tertiary structural features of four
Vlambda6 proteins. J Mol Recognit. 2004;17(4):
323-331.

41. Jacobson DR, Pastore RD, Yaghoubian R, et al.
Variant-sequence transthyretin (isoleucine 122) in
late-onset cardiac amyloidosis in black Ameri-
cans. N Engl J Med. 1997;336(7):466-473.

42. Jiang X, Buxbaum JN, Kelly JW. The V122I car-
diomyopathy variant of transthyretin increases
the velocity of rate-limiting tetramer dissociation,
resulting in accelerated amyloidosis. Proc Natl
Acad Sci U S A. 2001;98(26):14943-14948.

43. Sekijima Y, Wiseman RL, Matteson J, et al. The
biological and chemical basis for tissue-selective
amyloid disease. Cell. 2005;121(1):73-85.

44. Ng B, Connors LH, Davidoff R, Skinner M, Falk
RH. Senile systemic amyloidosis presenting with
heart failure: a comparison with light chain-
associated amyloidosis. Arch Intern Med. 2005;
165(12):1425-1429.

45. Hammarstrom P, Wiseman RL, Powers ET, Kelly
JW. Prevention of transthyretin amyloid disease
by changing protein misfolding energetics. Sci-
ence. 2003;299(5607):713-716.

46. Kingsbury JS, Laue TM, Klimtchuk ES, Theberge
R, Costello CE, Connors LH. The modulation of
transthyretin tetramer stability by cysteine 10 ad-
ducts and the drug diflunisal: direct analysis by
fluorescence-detected analytical ultracentrifuga-
tion. J Biol Chem. 2008;283(18):11887-11896.

47. Ando Y, Nakamura M, Araki S. Transthyretin-
related familial amyloidotic polyneuropathy. Arch
Neurol. 2005;62(7):1057-1062.

48. Landgren O, Gridley G, Turesson I, et al. Risk of
monoclonal gammopathy of undetermined signifi-
cance (MGUS) and subsequent multiple my-
eloma among African American and white veter-
ans in the United States. Blood. 2006;107(3):904-
906.

49. Anesi E, Palladini G, Perfetti V, Arbustini E,
Obici L, Merlini G. Therapeutic advances demand
accurate typing of amyloid deposits. Am J Med.
2001;111(3):243-244.

50. Lavatelli F, Perlman DH, Spencer B, et al. Amyloi-
dogenic and associated proteins in systemic
amyloidosis proteome of adipose tissue. Mol Cell
Proteomics. 2008;7(8):1570-1583.

51. Attaelmannan M, Levinson SS. Understanding
and identifying monoclonal gammopathies. Clin
Chem. 2000;46(8):1230-1238.

52. Bailey EM, McDermott TJ, Bloch KJ. The urinary
light-chain ladder pattern: a product of improved
methodology that may complicate the recognition
of Bence Jones proteinuria. Arch Pathol Lab
Med. 1993;117(7):707-710.

53. Jaccard A, Moreau P, Leblond V, et al. High-dose
melphalan versus melphalan plus dexametha-
sone for AL amyloidosis. N Engl J Med. 2007;
357(11):1083-1093.

54. Gertz MA, Kyle RA. Acute leukemia and cytoge-
netic abnormalities complicating melphalan treat-
ment of primary systemic amyloidosis. Arch In-
tern Med. 1990;150(3):629-633.

55. Lebovic D, Hoffman J, Levine BM, et al. Predic-
tors of survival in patients with systemic light-
chain amyloidosis and cardiac involvement ini-
tially ineligible for stem cell transplantation and
treated with oral melphalan and dexamethasone.
Br J Haematol. 2008;143(3):369-373.

56. Palladini G, Russo P, Lavatelli F, et al. Treatment
of patients with advanced cardiac AL amyloidosis
with oral melphalan, dexamethasone, and tha-
lidomide. Ann Hematol. 2009;88:347-350.

57. Palladini G, Kyle RA, Larson DR, Therneau TM,
Merlini G, Gertz MA. Multicentre versus single
centre approach to rare diseases: the model of
systemic light chain amyloidosis. Amyloid. 2005;
12(2):120-126.

58. Falk RH. Diagnosis and management of the car-
diac amyloidoses. Circulation. 2005;112(13):
2047-2060.

59. Hongo M, Urushibata K, Kai R, et al. Iodine-123
metaiodobenzylguanidine scintigraphic analysis
of myocardial sympathetic innervation in patients
with AL (primary) amyloidosis. Am Heart J. 2002;
144(1):122-129.

60. Wright BL, Grace AA, Goodman HJ. Implantation
of a cardioverter-defibrillator in a patient with car-
diac amyloidosis. Nat Clin Pract Cardiovasc Med.
2006;3(2):110-114, quiz 115.

61. Freitas J, Santos R, Azevedo E, et al. Hemody-
namic, autonomic and neurohormonal behaviour
of familial amyloidotic polyneuropathy and neu-
rally mediated syncope patients during supine
and orthostatic stress. Int J Cardiol. 2007;116(2):
242-248.

62. San Miguel JF, Schlag R, Khuageva NK, et al.
Bortezomib plus melphalan and prednisone for
initial treatment of multiple myeloma. N Engl
J Med. 2008;359(9):906-917.

63. Dispenzieri A, Gertz MA, Kyle RA, et al. Prognos-
tication of survival using cardiac troponins and
N-terminal pro-brain natriuretic peptide in patients
with primary systemic amyloidosis undergoing
peripheral blood stem cell transplantation. Blood.
2004;104(6):1881-1887.

64. Reece DE, Hegenbart U, Merlini G, et al. Weekly
and twice-weekly bortezomib in patients with sys-
temic AL-amyloidosis: results of a phase 1 dose-
escalation study Blood. 2009;114(8):1489-1497.

65. Sitia R, Palladini G, Merlini G. Bortezomib in the
treatment of AL amyloidosis: targeted therapy?
Haematologica. 2007;92(10):1302-1307.

66. Gertz M, Lacy M, Dispenzieri A, et al. Troponin T
level as an exclusion criterion for stem cell trans-
plantation in light-chain amyloidosis. Leuk Lym-
phoma. 2008;49(1):36-41.

67. Kumar S, Dispenzieri A, Lacy MQ, et al. Serum
uric acid: novel prognostic factor in primary sys-
temic amyloidosis. Mayo Clin Proc. 2008;83(3):
297-303.

68. Leung N, Leung TR, Cha SS, Dispenzieri A,
Lacy MQ, Gertz MA. Excessive fluid accumula-
tion during stem cell mobilization: a novel prog-
nostic factor of first-year survival after stem cell
transplantation in AL amyloidosis patients. Blood.
2005;106(10):3353-3357.

69. Zhou P, Teruya-Feldstein J, Lu P, Fleisher M,

3156 COMENZO BLOOD, 8 OCTOBER 2009 � VOLUME 114, NUMBER 15

 For personal use only. at TUFTS UNIVERSITY on October 8, 2009. www.bloodjournal.orgFrom 

http://bloodjournal.hematologylibrary.org
http://bloodjournal.hematologylibrary.org/subscriptions/ToS.dtl


Olshen A, Comenzo RL. Calreticulin expression
in the clonal plasma cells of patients with sys-
temic light-chain (AL-) amyloidosis is associated
with response to high-dose melphalan. Blood.
2008;111(2):549-557.

70. Sanchorawala V, Wright DG, Quillen K, et al. Tan-
dem cycles of high-dose melphalan and autolo-
gous stem cell transplantation increases the re-
sponse rate in AL amyloidosis. Bone Marrow
Transplant. 2007;40(6):557-562.

71. Schonland SO, Lokhorst H, Buzyn A, et al. Allo-
geneic and syngeneic hematopoietic cell trans-
plantation in patients with amyloid light-chain
amyloidosis: a report from the European Group
for Blood and Marrow Transplantation. Blood.
2006;107(6):2578-2584.

72. Dispenzieri A, Lacy MQ, Zeldenrust SR, et al. The
activity of lenalidomide with or without dexameth-
asone in patients with primary systemic amyloid-
osis. Blood. 2007;109(2):465-470.

73. Wechalekar AD, Goodman HJ, Lachmann HJ,
Offer M, Hawkins PN, Gillmore JD. Safety and
efficacy of risk-adapted cyclophosphamide, tha-
lidomide, and dexamethasone in systemic AL
amyloidosis. Blood. 2007;109(2):457-464.

74. Kastritis E, Anagnostopoulos A, Roussou M, et al.
Treatment of light chain (AL) amyloidosis with the
combination of bortezomib and dexamethasone.
Haematologica. 2007;92(10):1351-1358.

75. Landau HJ, Hassoun H, Elizabeth H, et al. Adju-
vant bortezomib and dexamethasone following
risk-adapted melphalan and stem cell transplant
in patients with light-chain amyloidosis (AL) [ab-
stract]. J Clin Oncol. 2009;27(15S):8540.

76. Cohen AD, Zhou P, Xiao Q, et al. Systemic AL
amyloidosis due to non-Hodgkin’s lymphoma: an
unusual clinicopathologic association. Br J
Haematol. 2004;124(3):309-314.

77. Dimopoulos MA, Gertz MA, Kastritis E, et al. Up-
date on treatment recommendations from the
Fourth International Workshop on Waldenstrom’s
Macroglobulinemia. J Clin Oncol. 2009;27(1):
120-126.

78. Gertz MA, Comenzo R, Falk RH, et al. Definition
of organ involvement and treatment response in
immunoglobulin light chain amyloidosis (AL): a
consensus opinion from the 10th International
Symposium on Amyloid and Amyloidosis, Tours,
France, 18–22 April 2004. Am J Hematol. 2005;
79(4):319-328.

79. Gertz MA, Anagnostopoulos A, Anderson K, et al.
Treatment recommendations in Waldenstrom’s
macroglobulinemia: consensus panel recommen-
dations from the Second International Workshop
on Waldenstrom’s Macroglobulinemia. Semin On-
col. 2003;30(2):121-126.

80. Wechalekar AD, Lachmann HJ, Goodman HJ,
Bradwell A, Hawkins PN, Gillmore JD. AL amy-
loidosis associated with IgM paraproteinemia:
clinical profile and treatment outcome. Blood.
2008;112(10):4009-4016.

81. Lachmann HJ, Hawkins PN. Amyloidosis and the
lung. Chron Respir Dis. 2006;3(4):203-214.

82. Valente M, Roy V, Lacy MQ, Dispenzieri A,
Gertz MA. Autologous stem cell transplantation
and IgM amyloidosis. Leuk Lymphoma. 2006;
47(6):1006-1012.

83. Parambil JG, Myers JL, Lindell RM, Matteson EL,
Ryu JH. Interstitial lung disease in primary
Sjogren syndrome. Chest. 2006;130(5):1489-
1495.

84. Shah PL, Gillmore JD, Copley SJ, et al. The im-
portance of complete screening for amyloid fibril
type and systemic disease in patients with amy-
loidosis in the respiratory tract. Sarcoidosis Vasc
Diffuse Lung Dis. 2002;19(2):134-142.

85. Neben-Wittich MA, Foote RL, Kalra S. External
beam radiation therapy for tracheobronchial amy-
loidosis. Chest. 2007;132(1):262-267.

86. Mignot A, Varnous S, Redonnet M, et al. Heart
transplantation in systemic (AL) amyloidosis: a
retrospective study of eight French patients. Arch
Cardiovasc Dis. 2008;101(9):523-532.

87. Lacy MQ, Dispenzieri A, Hayman SR, et al. Au-
tologous stem cell transplant after heart trans-
plant for light chain (Al) amyloid cardiomyopathy.
J Heart Lung Transplant. 2008;27(8):823-829.

88. Maurer MS, Raina A, Hesdorffer C, et al. Cardiac
transplantation using extended-donor criteria or-
gans for systemic amyloidosis complicated by
heart failure. Transplantation. 2007;83(5):539-
545.

89. Haq A, Hussain S, Meskat B, Mohan P, Conlon P,
Hickey DP. Complications of renal transplantation
in patients with amyloidosis. Transplant Proc.
2007;39(1):120-124.

90. Kumar KS, Lefkowitch J, Russo MW, et al. Suc-
cessful sequential liver and stem cell transplanta-
tion for hepatic failure due to primary AL amyloid-
osis. Gastroenterology. 2002;122(7):2026-2031.

91. Bochtler T, Hegenbart U, Cremer FW, et al.
Evaluation of the cytogenetic aberration pattern in
amyloid light chain amyloidosis compared with
monoclonal gammopathy of undetermined signifi-
cance reveals common pathways of karyotypic
instability. Blood. 2008;111(9):4700-4705.

92. Abraham RS, Ballman KV, Dispenzieri A, et al.
Functional gene expression analysis of clonal
plasma cells identifies a unique molecular profile
for light chain amyloidosis. Blood. 2005;105(2):
794-803.

93. Hoffman J, Jhanwar S, Comenzo RL. AL amyloid-
osis and progression to multiple myeloma with
gain(1q). Br J Haematol. 2009;144(6):963-964.

94. Kyle RA, Remstein ED, Therneau TM, et al. Clini-
cal course and prognosis of smoldering (asymp-
tomatic) multiple myeloma. N Engl J Med. 2007;
356(25):2582-2590.

95. Zhou P, Comenzo RL, Olshen AB, et al. CD32B is
highly expressed on clonal plasma cells from pa-
tients with systemic light-chain amyloidosis and
provides a target for monoclonal antibody-based
therapy. Blood. 2008;111(7):3403-3406.

96. Voorhees PM, Chen Q, Kuhn DJ, et al. Inhibition
of interleukin-6 signaling with CNTO 328 en-
hances the activity of bortezomib in preclinical
models of multiple myeloma. Clin Cancer Res.
2007;13(21):6469-6478.

97. Gertz MA, Lacy MQ, Dispenzieri A, et al. Effect of
hematologic response on outcome of patients
undergoing transplantation for primary amyloid-
osis: importance of achieving a complete re-
sponse. Haematologica. 2007;92(10):1415-1418.

98. Goodman HJ, Gillmore JD, Lachmann HJ,
Wechalekar AD, Bradwell AR, Hawkins PN. Out-
come of autologous stem cell transplantation for
AL amyloidosis in the UK. Br J Haematol. 2006;
134(4):417-425.

99. Vesole DH, Perez WS, Akasheh M, Boudreau C,
Reece DE, Bredeson CN. High-dose therapy and
autologous hematopoietic stem cell transplanta-
tion for patients with primary systemic amyloid-
osis: a Center for International Blood and Marrow
Transplant Research Study. Mayo Clin Proc.
2006;81(7):880-888.

100. Palladini G, Russo P, Nuvolone M, et al. Treat-
ment with oral melphalan plus dexamethasone
produces long-term remissions in AL amyloidosis.
Blood. 2007;110(2):787-788.

TREATING AMYLOIDOSIS 3157BLOOD, 8 OCTOBER 2009 � VOLUME 114, NUMBER 15

 For personal use only. at TUFTS UNIVERSITY on October 8, 2009. www.bloodjournal.orgFrom 

http://bloodjournal.hematologylibrary.org
http://bloodjournal.hematologylibrary.org/subscriptions/ToS.dtl

