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Introduction

Amyloidosis represents a group of diseases characterized by
the deposition of amyloid fibrils in various tissues [1]. The
result is progressive organ failure that can lead to death.
These fibrils are 7-12 nm in diameter and are randomly
arranged. They have the ability to take up Congo red dye and
give off an apple-green birefringence when viewed with
polarized light. This is a pathognomonic feature which sepa-
rates amyloid from other fibrils which cause kidney disease.

To date, over 24 types of protein are known to cause amy-
loidosis in human [2]. The fibrils form as a result of misfold-
ing which causes the protein to take up a pathologic
confirmation that allows for subsequent self-aggregation.
Several amyloidogenic mechanisms have been identified [1,
2]. In some, there is a natural propensity in the native protein
to misfold. With these proteins, amyloid is formed as a result
of accumulation or overproduction. Examples of this include
senile amyloidosis (wild type transthyretin) which accumu-
lates as a result of aging, dialysis-related amyloidosis
(Ap[beta],m) where P[beta]2-microglobulin accumulates as
a result of renal failure, and secondary amyloidosis (AA)
where serum amyloid A is overproduced as a result of persis-
tent inflammation or infection. Others are the result of a
genetic mutation that produces an amyloidogenic protein
(Table 21.1). Examples of this are (mutant) transthyretin
(ATTR), fibrinogen a[alpha]-chain (AFib), lysozyme (ALys),
apolipoprotein Al, and AIl (AApoAl and AApoAll). Proteins
can also become amyloidogenic after proteolytic modifica-
tion. This is seen in Alzheimer’s disease with p[beta]-amyloid
precursor protein (APP) and immunoglobulin light chain
(AL). Prion which causes transmissible spongiform encepha-
lopathies such as Creutzfeldt—Jacob disease, Gerstmann—
Striaussler—Scheinker syndrome, fatal familial insomnia, and
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kuru is also considered an amyloidogenic protein (APrP). In
some, multiple mechanisms may be involved. The best
example of this is AL amyloidosis in which the monoclonal
light chain is overproduced by the plasma-cell clones. These
light chains undergo a partial proteolytic digestion, and some
have mutations which may enhance the amyloidogenic
potential of the monoclonal light chain [1].

Different forms of amyloidosis have different organ tro-
pism [2]. Some are quite specific such as the case of cystatin
¢ (ACys) which causes the Icelandic form hereditary cere-
bral amyloid angiopathy resulting in cerebral hemorrhage,
stroke, and dementia. Similarly, Af[beta] protein precursor
(Ap[beta]) is responsible for Alzheimer’s disease and is
localized to the central nervous system. In others, skin is a
preferential organ of deposition. Lichenoid or macular amy-
loidosis is the result of keratin (AD) deposition possibly as a
result of trauma. Alns (insulin) can be found in diabetic
patients near their insulin injection site. Nodular localized
cutaneous amyloidosis is a form of localized AL that is often
produced by polyclonal plasma cells probably in response to
a localized inflammatory reaction. Systemic amyloidosis
occurs when visceral organs are involved. These forms are
often fatal as the persistent deposition of amyloid results in
progressive organ failure (Table 21.2).

Renal involvement is common in many forms of amyloi-
dosis. Proteinuria frequently occurs and can be massive
(>10 g/day) [3]. Renal insufficiency is variable and often
depends on the severity of disease. Renal insufficiency with
little proteinuria has also been described in a small subset of
patients in which the amyloid preferentially deposits in
walls of blood vessels instead of glomerular basement mem-
branes or interstitium [4, 5]. Types of amyloid that involve
the kidney include AL, AH (immunoglobulin heavy chain),
AA, AFib, AApoAll, and ALECT?2 (leukocyte cell-derived
chemotaxin-2) [2, 6]. Renal involvement is uncommon in
patients with ATTR which usually present with cardiomy-
opathy and neuropathy, but rare reports of renal involvement
including end-stage renal disease have been reported.
Finally, Ap[beta]2m occurs only in dialysis-dependent
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Table 21.1 Mechanisms of Accumulation/
amyloidogenesis Age associated  overproduction  Genetic/hereditary Multifactorial ~ Infectious ~ Unknown
Senile B2m Transthyretin AL Prion LECT2
Prolactin SAA Fibrinogen AH Beta
Calcitonin Insulin Lysozyme ALH IAPP
Amylin Apolipoprotein Al Calcitonin
ANF Apolipoprotein AIl  Keratin
Gelsolin Localized AL
Cystatin C
BRI protein

Lactoferrin
SAA (HPES)

B2m p[beta]-2-microglobulin, SAA serum amyloid A protein, AL immunoglobulin light chain, AH
immunoglobulin heavy chain, ALH immunoglobulin light heavy chain, LECT2 leukocyte chemotactic
factor 2, ANF atrial natriuretic factor, JAPP islet amyloid polypeptide, HPFS hereditary periodic fever

syndromes

Table 21.2 Distribution by amyloid type

Systemic Localized Central nervous system
AL AL Ap[beta]
AH ACal ACys
AA AIAPP ABri
AFib Alns ADan
AApoAl ALac (ocular) APrp*
AApoAIl AD (pituitary)

ALys APro

AGel TIAA/AANF

AB2m

ATTR

Senile

AL immunoglobulin light chain, AH immunoglobulin heavy chain, AA
serum amyloid A protein, AFib fibrinogen a[alpha] chain, AApoAI apo-
lipoprotein Al, AApoAll apolipoprotein All, ALys lysozyme, AGel gel-
solin, AB2m p[beta]-2-microglobulin, ATTR transthyretin (mutant),
senile—transthyretin (native), ACal calcitonin, AIAPP amylin, Alns
insulin, ALac lactoferrin, AD keratin, APro prolactin, JAA ANP (iso-
lated atrial amyloid), Af[beta] beta protein precursor, ACys cystatin C,
ABri BRI protein (British familial dementia), ADan Danish familial

dementia, APrp*™ prion

patients due to a lack of clearance by dialysis [7]. Its main
manifestations are soft tissue deposition (carpal tunnel) and
arthropathy. However, autopsy studies have discovered sys-
temic deposition usually in vascular beds including those of
the kidneys. However, since these patients already had end-
stage renal disease, the renal amyloidosis is never
manifested.

Pathogenesis

The precursor amyloid proteins all share a common charac-
teristic to misfold into B[beta]-sheet fibrillar protein [1]. This
propensity can be natural or as a result of partial digestion as
in the case of AL. The initial step involve formation of

B[beta]-strands which allow the protein to be stacked on one
another utilizing hydrogen bonds of alternating C=0O and
N-H groups. This self-assembly process eventually forms a
sheet of polypeptides. The sheets are then mated together via
a dry interface through a process known as the steric zipper
[8]. In this cross-f[beta] model, sheets are mated together to
form protofilaments. Four to six protofilaments are then
braided together to form a fibril. Congo red dye is capable of
intercalating the space formed between the protofilaments in
a fibril which allows it to be used as a diagnostic tool.
Ultrastructurally, fibrils from different precursor proteins are
indistinguishable from one another despite the fact that pre-
cursor proteins come in different sizes and tertiary
structures.

The pathogenic process of amyloid fibril is still not com-
pletely understood. Obviously, deposition of the amyloid
fibrils certainly plays a big role. In cardiac amyloidosis, the
heart is concentrically thickened resulting initially in dia-
stolic dysfunction and later as disease progresses, systolic
dysfunction. In the kidney, degree of proteinuria is associ-
ated with location of amyloid deposition while, glomerular
filtration rate is determined by amount of deposition in the
glomerulus. However, recent evidence suggests fibril depo-
sition may not be necessary for cellular toxicity. Exposure
to the precursor protein alone is sufficient for cytotoxicity
to occur in cardiac myocytes [9]. The same phenomenon
has also been noted in the kidney. Patients with massive
proteinuria have been known to have very little amyloid
deposits in their kidney. In fact, some of these patients were
initially diagnosed as minimal-change disease [10]. Correct
diagnosis was made when their biopsy was reviewed for
failure to respond to steroids. Conversely, large amyloid
deposits have been found in patients who responded to
therapy and have normal proteinuria [11]. Electron micros-
copy of these patients suggests repair of the glomerular
basement membrane can occur despite the presence of
amyloid fibril [12].
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Diagnosis

The diagnosis of amyloidosis requires the demonstration of
the amyloid fibrils in the tissue (Fig. 21.1). The most com-
monly used method is Congo red staining [1, 3]. Congo red
intercalates the fibrils and gives off an apple-green birefrin-
gence when viewed with polarized light. It is fairly sensitive
but highly specific for amyloid fibrils. Thioflavin T is another
stain that binds the B[beta]-sheet and gives off an enhanced
fluorescence. However, it is considered to be less sensitive
and specific than Congo red. Fibrils are also detected by elec-
tron microscopy. Characteristically, it is randomly arranged
and has a diameter of 7-12 nm. These characteristics can be
used to distinguish AL from other renal diseases with fibril-
lary deposits [13]. They include fibrillary glomerulonephri-
tis, immunotactoid glomerulonephritis, cryoglobulinemia,
hereditary nephropathies with fibronectin, and collagenofi-
brotic glomerulopathy. Fibrillary collagen can also be found
in other glomerulopathies, most commonly in diabetes
nephropathy, focal glomerulosclerosis, membranoprolifera-
tive glomerulonephritis, crescentic glomerulonephritis, and
lupus. These diseases can be distinguished from amyloidosis

by Congo red staining pattern and ultrastructural characteristics
of the fibrils.

Various tissues have been used for the diagnostic evalua-
tion of amyloidosis. In patients with renal manifestations,
amyloid can be detected on the kidney biopsy in virtually all
cases [14]. Historically, renal biopsy was felt to be risky
because of the possibility of amyloid angiopathy. Patients
with AL can also develop an acquired factor X deficiency
further increasing their risk of bleeding. However, a recent
study of 101 patients with amyloidosis found the rate of
post-biopsy hemorrhage was no different than patients with-
out amyloidosis if they were approved by the standard
screening tests used for all patients [15]. Other high-yield
tissue included the heart, although it is much more invasive.
Fat aspirate is often used. It is positive in approximately
70 % of the patients [14]. Rectal biopsy had been popular in
the past. This is usually performed via a flexible sigmoidos-
copy and has a sensitivity of 70-80 %. However, it is proba-
bly best to biopsy the organ which is symptomatic in order to
maximize the odds of obtaining amyloid for typing.

In the kidney, amyloid can be seen in all three compart-
ments. Amyloid initially appears along the glomerular base-
ment membranes [3]. In more advanced cases, extensive
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Fig.21.1 Diagnostic approach for renal biopsies suspected of amyloidosis
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Fig. 21.2 Silver stain of a glomerulus. Arrows denote spicules along
the glomerular basement membranes

deposition can be seen in the mesangium, becoming nodular
in appearance in some cases. Vascular deposition is com-
mon, but in a small percentage of patients, it is the only place
amyloid deposition occurs. On H&E stain, the deposits
appear pink and amorphous. Amyloid deposits do not stain
with periodic acid Schiff (PAS) or silver stain, but spicules
can be seen along the glomerular basement membranes on
silver stain (Fig. 21.2). In AL, immunofluorescence study
should show a preferential staining for one of the light chains
in areas where amyloid deposits have been identified. Light
chain staining should be negative or equal and mild in inten-
sity for all other types of amyloid.

Once amyloid is found in the tissue, typing of the amyloid
protein is necessary. Treatment and prognosis differ for each
subtype. Therefore, accurate typing is essential. Typing must
be performed directly on the amyloid fibril. The use of sur-
rogate markers such as circulating monoclonal protein or
plasma-cell dyscrasia has led to misdiagnosis and treatment
with cytotoxic agents [16]. It is paramount that AL or AH is
confirmed before cytotoxic therapy is employed. Historically,
potassium permanganate was used to distinguish AA from
other forms of amyloid [3]. Applying potassium permanga-
nate to the tissue prevents Congo red from binding to AA
fibrils but not AL. However, immunohistochemical agents
are now available. Antibodies to immunoglobulin light
chains (x[kappa] and A[lamda]) and heavy chains, serum
amyloid A protein, prealbumin (transthyretin), [beta]
2-microglobulin, and fibrinogen are commercially available.
Unfortunately, immunohistochemical identification is lim-
ited by the availability of the antibodies. Genetic testing has
been used to identify many of the hereditary forms of amy-
loidosis. While this is helpful, caution is needed when inter-
preting the result. Differences in penetrance exist for different
amyloidosis. The diagnosis is even more difficult when a

monoclonal protein coexists or when dealing with senile
amyloid where the amyloidogenic protein is wild type (non-
mutated). Recently, the use of liquid chromatography—tan-
dem mass spectrometry has made tremendous progress in
the field of amyloid typing [17]. Tissues embedded on glass
slides are dissected with a laser to capture amyloid-rich
material. The tissue then undergoes tryptic digestion and is
analyzed by the liquid chromatography—tandem mass spec-
trometry. The raw data are queried by multiple algorithms
and the peptides are assigned a probability score. This tech-
nique allowed the identification of a new amyloid proteins
[18]. The technique of SAP scintigraphy should be men-
tioned [19]. Serum amyloid P component is a molecule com-
monly found in all types of amyloid. Location and amount of
amyloid deposits can be determined by injecting radiola-
beled serum amyloid P component into the patient (Fig. 21.3).
SAP scintigraphy is most useful in prognostication and
assessment of response. And although a positive scan is vir-
tually diagnostic for systemic amyloidosis, tissue biopsy is
still required and should not be substituted [20].

AL

Previously referred to as primary amyloidosis, AL is the
most common form of amyloidosis in industrialized coun-
tries [14]. The age adjusted incidence ranges from 5.1 to
12.8/million/year which appears to be stable. The median
age at presentation is 64 years with a range of 32-90 years.
It is almost always the result of a plasma-cell dyscrasia, but
rarely it can occur with a lymphoma or lymphoplasmacytic
lymphoma (Waldenstrom’s macroglobulinemia). By immu-
nofixation, a monoclonal protein is detectable in the serum
and urine in 72 % and 73 % of patients, respectively. In the
urine, the majority of the protein is made up of albumin with
monoclonal protein representing only a small component.
Eleven percent of the patients will have a negative monoclo-
nal protein study by protein electrophoresis or immunofixa-
tion. These patients usually have a monoclonal light chain
that exists in low levels. The sensitivity can be increased to
99 % by measuring serum-free light chain levels along with
serum immunofixation [21]. Recent studies also showed
serum-free light chain had a better correlation with outcomes
of AL patients after treatment than the entire immunoglobu-
lin [22]. Thus, measurement of serum-free light chain levels
is essential in anyone suspected of having AL. A predilec-
tion toward lambda light chain exists in AL [14]. More than
two-thirds of the patients with AL have a monoclonal lambda
whereas the ratio is reversed in multiple myeloma.
Approximately 18 % of the patients have >20 % plasma
cells in the bone marrow, but coexistence with true multi-
ple myeloma as defined by hypercalcemia, anemia, and
lytic bone lesions is rare. AL is the most aggressive of the
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Fig.21.3 SAP scintigraphy showing amyloid deposits in the liver and spleen. Images provided by Dr. Julian Gillmore

amyloidoses. Median survival is 13 months if left untreated
with patients with advanced cardiac involvement or multiple
myeloma faring the worst [23].

Kidney and heart are the most commonly affected visceral
organs, but all visceral organs may be involved (liver, gut,
spleen, and lung) as well as peripheral nerves, central ner-
vous system, and soft tissues [14]. In a study of 474 patients,
73 % of patients presented with proteinuria and nearly half
with renal insufficiency. The proteinuria was in the nephrotic
range in approximately one-third of the patients. In a study of
145 patients, patients with lambda light chain were more
likely to develop renal manifestations than ones with kappa
[24]. The kappa to lambda ratio was 1:12 in patients with
renal amyloidosis vs. 1:4 in those without (p=0.02). Patients
with lambda light chain also appeared to have more severe
proteinuria. Median proteinuria of lambda patients was 3.6 g/

day vs. 0.7 g/day in kappa patients (p=001). When only
patients with renal amyloidosis were analyzed, the disparity
in proteinuria was maintained (7.2 g/day in lambda and 2.9 g/
day in kappa). Elevated creatinine (p=0.01) and higher pro-
teinuria (p=0.03) were risk factors for progression to end-
stage renal disease (ESRD). ESRD eventually developed in
42 % of patients who presented with renal manifestations vs.
5 % of those without. This was similar to the rate (39 %) of
ESRD reported in a recent Italian study of 198 biopsy-proven
renal AL patients [25]. In the largest study to date with 923
patients from the UK, the rate of ESRD was slightly less at
23.9 % [26]. However, factors influencing progression to
ESRD were similar (higher CKD stage and lower serum
albumin). In this study, patients who had a hematologic
response were less likely to require dialysis. Patients who
progressed to ESRD had a significantly shorter survival [24].
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Fig. 21.4 (a) Photograph of a Congo red positive glomerulus traced
for laser dissection and capture. (b) The glomerulus is dissected and
captured for trypsin digestion and subsequent proteomic analysis by

Data for the USA and Europe showed a median survival of
11 months for patients with ESRD. These data may represent
bias since approximately 20 % of the patients died within the
first month many of whom withdrew from dialysis. A more
recent study with more effective treatment found a median
survival of 39 months with many patients surviving long
enough to receive kidney transplantation [26].
Histologically, AL deposits can be found in all three com-
partments of the kidney [3]. Within the glomerulus, deposits
may range from minimal to massive. Deposits can also be
found in the interstitium as well as in the wall of blood ves-
sels. Patients who have vascular limited deposits on renal
biopsy have less proteinuria (<1 g) and typically present
with unexplained renal insufficiency [4, 5]. The deposits in
AL should stain preferentially for just one of the immuno-
globulin light chains [3]. Immunofluorescence staining with
antibodies to immunoglobulin light chains is therefore
essential for the diagnostic evaluation. In AL variants, the
deposits can be composed of immunoglobulin heavy chain
(AH) or both immunoglobulin light and heavy chain amyloi-
dosis (ALH) [27]. The immunoglobulin subclass should be
identified to insure the heavy chain is monotypic. Antibodies
are available for IgG, IgA, and IgM subclasses. In ALH,
both the immunoglobulin heavy chain and light chain should
be monotypic. Deposits in the kidney must match the isotype
of circulating monoclonal protein detected in the blood or
urine. In cases where the light chains are not well stained
with immunofluorescence, immunoperoxidase may be help-
ful. Liquid chromatography-mass spectrometry (LC-MS)
has been found to be very accurate in typing amyloidosis
and is extremely helpful in cases where immunohistochem-
istry stains are unrevealing or equivocal. It is now consid-
ered the gold standard for amyloid typing (Fig. 21.4) [17].

liquid chromatography and mass spectrometry. Photographs provided
by Dr. Sanjeev Sethi

The treatment of AL had advanced considerably over the
past two decades. The first effective treatment was melpha-
lan and prednisone (MP). In two separate randomized con-
trolled trials, MP extended median survival from 13 to 18
months [28-30]. Responders experienced significant reduc-
tion in proteinuria and alkaline phosphatase, but improve-
ment in cardiac function was less common. Overall response
rate was low in the 20-30 % range. Most of these patients
achieved a hematologic partial response defined as >50 %
reduction in the serum monoclonal protein, while hemato-
logic complete response as defined by disappearance of the
monoclonal protein was rare. In an attempt to reduce toxic-
ity, high-dose dexamethasone was introduced. It was found
to have some activity against AL. In a phase II trial, the
median overall survival was 13.8 months [31]. The response
was minor but was felt to be potentially beneficial if com-
bined with other therapies. A median survival of 31 months
was reported in patients treated with high-dose dexametha-
sone and undergone maintenance therapy with dexametha-
sone and alpha interferon [32].

The first therapy that significantly improved patient
survival was high-dose melphalan followed by autologous
stem cell transplantation (HDM-SCT) [33]. HDM-SCT was
capable of achieving hematologic complete response at a
high rate. In a study of 312 patients, a complete response was
achieved in 40 % of the patients. In another large series of
270 patients, the partial response rate was 71 % with a com-
plete response rate of 33 %. [34]. These high hematologic
response rates helped extend the median overall survival to
more than 4.6 years, and responders enjoy an even longer
survival [33]. The factors associated with survival were the
depth of the hematologic response and the severity of cardiac
involvement at baseline. Improvement in proteinuria was
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noted in patients particularly those who had hematologic
complete response. Of the patients with renal involvement,
63 % had a renal response after achieving a hematologic
complete response. In the patients without complete
response, the renal response rate of 11 %. Overall, 31.6 % of
the patients with renal involvement had a renal response.

Despite its advantages HDM-SCT does have one major
drawback, treatment-related mortality (TRM). This is
defined as mortality within 100 days of initiating treatment.
TRM can be as high as 40 % in some centers, but it is ~10 %
at major amyloidosis centers [35, 36]. Patients with severe
cardiac involvement, multiorgan involvement, or advanced
age are at the highest risk. Unfortunately, organ involvement
may be hard to define, and cardiac assessment based on
echocardiography tends to be operator dependent. A risk
assessment scoring system using cardiac biomarkers tropo-
nin T (¢TnT) and N-terminal pro-brain natriuretic peptide
(NT-pro-BNP) developed by the Mayo Clinic has been found
to accurately predict TRM [37]. This significantly simplified
the risk assessment since these biomarkers are easy to obtain
and measure. They also would not be influenced by the oper-
ator. The use of this scoring system has been credited with
lowering the TRM down to 8-9 % in some centers [38].

In early 2000, melphalan and dexamethasone (MDex)
was found to be an effective treatment for AL. In a small
study of 46 patients not eligible for HDM-SCT, 66 %
achieved a hematologic response with 33 % complete
response [39]. Long-term follow-up of these patients
revealed a median overall survival of 5.1 years [40]. Renal
response was noted in 48.3 % of the patients with renal
involvement. Median time to hematologic response was 4.5
months. This is a concern since disease progression can
occur before the therapeutic effects take place. To evaluate
its efficacy against HDM-SCT, a randomized trial was con-
ducted on 100 patients. This study found the median survival
of MDex-treated patients (56.9 months) was longer than that
of HDM-SCT-treated patients (22.2 months, p=0.04) [41].
However, critics of the study pointed out that the HDM—-SCT
had extraordinary high early mortality. Ten patients died
prior to HDM-SCT, and another 24 % of the 37 patients who
underwent the procedure died within the first 100 days.
Together 19 of the 50 patients randomized to HDM-SCT
died within the first 130 days. Compare with the MDex
group where seven patients died within the first 130 days
with only two dying prior to therapy. The difference in mor-
tality was most profound in patients considered high risk by
the Mayo Clinic criteria (p<0.0001). Overall survival was
similar in patients considered low risk regardless of treat-
ment (p=0.12). The impact of the early mortality was dem-
onstrated in the landmark analysis which found no differences
in survival between the two groups after 6 months, p=0.38.
These results highlight the importance of patient selection
when considering aggressive treatment in these patients.
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In one study, the TRM was reduced with 50 % with patient
selection alone [42]. Thus HDM-SCT may still be useful in
the treatment of AL, but its use should be limited to low-risk
individuals [38].

Recently, two new classes of drugs have demonstrated
efficacy against multiple myeloma and have made their way
to AL therapy. The first are the immunomodulatory drugs
(IMiDs) represented by thalidomide and lenalidomide. The
other is bortezomib, a proteosome inhibitor. These novel
agents have shown remarkable activity against multiple
myeloma especially when used in combination with other
agents [43]. Lenalidomide and dexamethasone produced an
overall hematologic response rate of 67 % with a complete
response rate of 29 % in a small study of 34 patients [44].
Forty-one percent of the patients with renal involvement had
a renal response. Because lenalidomide is renally cleared,
dosage adjustment was necessary. Significant treatment-
related toxicities were noted with the usual dose of 25 mg a
day. Most of the toxicities improved when the dose was
reduced to 15 mg a day. Worsening of renal function was
also noted in 59 % of the patients. Majority of these patients
had renal involvement from AL. Serum creatinine increased
to >2.0 mg/dL in 38 % of the patients. Thalidomide had been
studied in combination with cyclophosphamide and dexa-
methasone. In this study, patients with New York Heart
Association class II or higher or patients with significant
fluid retention were started on a lower dose of thalidomide
(50 mg a day vs. 100 mg a day) and dexamethasone (20 mg
aday for 4 days vs. 40 mg a day for 4 days) [45]. Hematologic
response rates were similar between the dosing regimens,
and a hematologic response by free light chain criteria was
achieved in 72 % of the patients with 32 % complete
response. Overall survival after starting treatment was 41
months but had not been reached when calculated from diag-
nosis since majority of the patients had had prior treatments.
Toxicity was significant. In the study, 40 % experience
fatigue or somnolence and 21 % had worsening fluid reten-
tion or congestive heart failure. The combination of bortezo-
mib and dexamethasone had been reported in small study
with 18 patients from a single center [46]. Of the 16 evalu-
able patients, 94 % achieved a hematologic response with
44 9% complete response. Renal response was noted in 14 %
of patients with renal involvement. The major toxicities were
thrombocytopenia, fatigue, neurotoxicity, and orthostatic
hypotension. Two multicenter retrospective studies had been
published. In one study of 26 patients, overall hematologic
response rate was 54 % with complete response rate of 31 %.
Organ improvement was noted in 12 %, stabilization in
76 %, and progression in 12 %. Thrombocytopenia and
hyponatremia were reported as grades 3 and 4 toxicity, and
grade 2 neurotoxicity was reported in 42 %. In the other with
94 patients, the hematologic response rate was 71 % with
25 % in complete response. Organ response was noted in
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29 % of patients with heart involvement and 19 % of patients
with kidney involvement. Hematologic response and reduc-
tion in NT-pro-GNP were independently associated with bet-
ter survival [47]. In all of the reports involving therapies with
novel agents, the follow-ups were relatively short. Longer
follow-ups are needed in order to fully evaluate the true
effectiveness of these therapies.

While it is important to achieve hematologic response in
AL, achievement of organ response is the ultimate goal.
Much of this has to do with the differences between multiple
myeloma and AL. First, the majority of patients with AL
have only a low-grade plasma-cell dyscrasia. Few present or
will ever progress to multiple myeloma [48]. Therefore, the
tumor burden is not the problem but rather their byproduct,
the monoclonal light chains. Second, patients with AL do not
die from bone marrow failure as in multiple myeloma; they
died of progressive organ failure which is the result of the
amyloidogenic light chains. Obviously, eradicating the mono-
clonal light chains would be ideal but is not always possible.
However, it is important to recognize that organ response can
occur in the absence of complete hematologic response,
while in some cases even a hematologic complete response
does not guarantee organ response [49]. Therefore, it is
important to measure the organ response along with hemato-
logic response when making decision on further treatment.
One of the easiest organ responses to measure is renal
response defined as >50 % reduction (minimal of 0.5 g/day)
in proteinuria with <25 % decline in renal function [20]. It
has been reported in up to 60 % of the patients after HDM—
SCT [49]. Patients who achieved renal response have a sig-
nificant survival advantage over those who do not. In a study
of 122 AL patients with renal involvement who had a mini-
mum follow-up of 12 months after HDM-SCT, hematologic
response was noted in 72.1 % and renal response in 43.4 %
[50]. Hematologic response was noted in 96.2 % of the
patients with renal response. The median survival had not
been reached in patients with a both a hematologic and renal
response. Patients who had either a renal or hematologic
response had a median survival of 66 months vs. nonre-
sponders who had a median survival of 4.7 months
(Fig. 21.5). Renal response was noted after a median of
10-12 months, and complete resolution of proteinuria was
seen at a median of 24 months. Independent features that
predicted a renal response after HDM-SCT were lower pro-
teinuria and lower cardiac troponin T.

Kidney transplantation had been successfully performed
in patients with AL. Unfortunately, the early experience was
discouraging due to high mortality rates [51]. Patients were
often dying from cardiac complications, progression of dis-
ease, and infection. One study of patients from 1987 to 2008
found 21 patients who had undergone kidney transplanta-
tion. The status of their AL was not reported. Median fol-
low-up was 50 months and the median estimated survival
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Fig.21.5 Cumulative overall survival of patients with AL amyloidosis
after autologous stem cell transplantation. Survival was calculated from
day of stem cell transplantation. HR hematologic response defined by
>50 % reduction in the M protein. RR renal response defined by >50 %
reduction in proteinuria with <25 % reduction in renal function

was 89 months. Nine patients had died, with two from pro-
gression of their extrarenal amyloidosis, four from infec-
tion, one from gastrointestinal bleed, and two from unknown
causes [26]. However, as treatment of AL improved, so did
the outcomes after kidney transplantation. In one study, 15
patients with ESRD underwent HDM-SCT. The median
survival for these patients was 25 months [52]. Three
patients eventually received kidney transplantation with sur-
vival of 5.3-6.0 years. An alternative approach was to per-
form kidney transplantation first followed by HDM-SCT.
The Mayo Clinic reported eight patients who underwent
kidney transplantation prior to HDM-SCT. Two of the
patient died prior to HDM-SCT, but the other six success-
fully underwent HDM—-SCT. Median survival had not been
reached after a median follow-up of 41 months. Recurrence
occurred in one patient whose HDM-SCT was delayed for
more than 3 years after kidney transplantation. This patient
was able to achieve a hematologic complete response and
the allograft remains in good function. Despite the immense
immunosuppression of HDM-SCT, acute rejection can
occur. One patient developed steroid-resistant cellular rejec-
tion immediate after leukocyte engraftment that required
antithymocyte globulin. Patients can also receive kidney
transplantation after achieving hematologic response with-
out HDM-SCT. Neither patient nor allograft survival was
different from patients who received HDM-SCT [53]. One
of five patients developed recurrence in the allograft and
was successful treated with additional AL therapy. With
3040 % of the patients developing ESRD and the poor sur-
vival of patients on dialysis, kidney transplantation is an
attractive alternative. It should be considered in patients
who have minimal cardiac involvement who had achieved a
hematologic complete response.
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AA Amyloid

The fibrils in AA are derived from serum amyloid A (SAA)
protein, an acute-phase reactant. It is synthesized by hepato-
cytes under the control of proinflammatory cytokines [54].
Elevated SAA levels can be seen in infectious, inflammatory,
and malignant conditions; however, in order for amyloid for-
mation to occur, the overproduction of SAA needs to be sus-
tained over time. Common conditions that cause AA include
chronic inflammatory arthritis such as rheumatoid arthritis,
juvenile idiopathic arthritis, and ankylosing spondylitis. It
can also be the result of chronic infections. Examples include
bronchiectasis, osteomyelitis, infected pressure sores, or uri-
nary tract infection in paraplegics. Malignant conditions
such as lymphoma, mesothelioma, and Castleman’s disease
have also been associated with AA. Finally, a hereditary
form is seen in patients with periodic fever syndromes [55].

Four types of periodic fever syndromes have been identi-
fied to cause AA [55]. The most common is the Familial
Mediterranean Fever (FMF) which is an autosomal recessive
disease resulting from the mutation in the MEFV gene on
chromosome 16p. As its name implies, it affects people
around the Mediterranean Sea, most commonly Armenians,
Sephardic Jews, Greeks, Turks, and Arabs. It is characterized
by periodic attacks of abdominal pain, serositis, arthritis, and
fever. TNF-receptor-associated periodic fever syndrome
(TRAPS) is the second most common and is the result of
mutations in the TNFRSF1A gene which regulates the type 1
tumor necrosis factor (TNF) receptor. Over 40 mutations
have been identified and the disease has an autosomal domi-
nant pattern. It was first described in a boy with Scottish—
Irish ancestry and was initially named Familial Hibernian
Fever. Later studies reveal it is well distributed in many eth-
nicity and countries of origin. Its symptoms include but are
not limited to recurrent abdominal pain, migratory myalgia,
rash, periorbital edema, and testicular pain. Muckle—Wells
syndrome is one of the cryopyrinopathies that includes
familial cold autoinflammatory syndrome and multisystem
inflammatory disease. They are characterized by urticaria
like rash, arthralgia which is the result of mutations in the
CIAS1 gene. Muckle—Wells syndrome is characterized by
hearing loss and is the only cryopyrinopathy that is associ-
ated with amyloidosis. Most have an autosomal-dominant
pattern of inheritance. Hyper IgD syndrome is an autosomal
recessive disease involving the mutation of the mevalonate
kinase (MVK) gene. Its distinguishing features are high lev-
els of IgD and attacks triggered by vaccination. It is promi-
nent in the Netherlands.

The most common presentation in AA is renal dysfunc-
tion [54]. In a study of 374 patients, 97 % presented with
either proteinuria of >500 mg/day, serum creatinine >1.5 mg/
dL, or both. Median proteinuria was 3.9 g/day and 12 %
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excretes >10 g/day. Median creatinine was 1.2 mg/day and
75 % had a serum creatinine of <3 mg/dL at diagnosis. ESRD
was present in 11 % of the patients with another 33 % devel-
oping it during the course of their disease. Median time to
ESRD was 256 months. Risk factors for ESRD include pres-
ence of Crohn’s disease, chronic infection, hepatic amyloid
deposits, and poor renal function at baseline. Other clinical
features include hepatomegaly which was noted in 9 % of the
patients. However, if hepatic involvement was assessed by
SAP scintigraphy, then the number increased to 23 %.
Cardiac involvement was only noted in 2 % of the patients by
echocardiogram and only 1 % developed clinically signifi-
cant cardiac failure. This may explain the long median sur-
vival of 133 months. Factors associated with poor survival
include elevated SAA concentration, older age, and ESRD.
In this study, no patient developed autonomic neuropathy.
Adrenal amyloid deposits were found on SAP scintigraphy
on 41 % of the patients, but only five required adrenocorti-
coid replacement.

Histologically, the amyloid deposition pattern in AA is
indistinguishable from other types of renal amyloidosis [3].
One feature that is particular but not unique to AA is the
formation of crescents [56]. This occurs most commonly in
patients whose AA is secondary to rheumatoid arthritis. It is
also more common in female than male. The coexistence of
crescents on the kidney biopsy is often associated with rap-
idly progressive glomerulonephritis and rapid loss in renal
function. Corticosteroids have been found to be effective at
stabilizing and reversing the rapid loss in renal function [57].

Treatment of AA involves eliminating or controlling the
underlying disease [54]. Complete remission of the renal
amyloidosis has been reported after resection of the
Castleman’s disease, treatment of the periodic fever syn-
drome, or eradication of the infection [54, 58]. Steroids and
TNF inhibitors are effective treatment for TRAPS [55].
Anakinra, an interleukin-1 receptor antagonist, is effective in
Muckle-Wells and Hyper IgD syndromes [59]. Statins
(HMG Co-A inhibitor) inhibit the production of mevalonate
and have been found to be beneficial in Hyper IgD syndrome
[60]. Colchicine is effective at preventing or reducing the
symptoms of FMF in approximately 90 % of patients [59].
However, its benefits are limited once amyloidosis has devel-
oped. Eprodisate is a negatively charged, low molecular
weight sulfonated molecule which can inhibit the interac-
tions between amyloidogenic proteins in animal studies. A
randomized placebo control trial was performed in patients
with AA [61]. The primary endpoint of the study was a com-
posite assessment of renal function or death. Secondary end-
points included slope of creatinine clearance, change in
proteinuria, resolution of diarrhea, and change in amyloid
content of abdominal fat. In this study, patients treated with
eprodisate were less likely to have worsening renal function
(27 %) than the placebo group (40 %, p=0.06). There was no
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significant difference in death rate between the two groups.
Treatment with eprodisate also significantly decreased the
slope of creatinine clearance (—10.9+5.1 mg/min/1.73 m?)
vs. placebo (=15.6+4.0 mL/min/1.73 m? p=0.02). There
were no significant differences in the change in proteinuria,
diarrhea, and amyloid content in abdominal fat. A second
randomized placebo-controlled trial is current underway to
further clarify the results.

End-stage renal disease is a significant risk factor for
mortality in AA [62]. Survival rates on dialysis are 82 %,
46 %, and 37 % at 1, 2, and 3 years. At autopsy, 10 of 13
patients were noted to have amyloid infiltration of the heart,
much higher than suggested in the non ESRD AA patients
[63]. Whether this represents advance-stage disease in the
ESRD population or acceleration of amyloid deposition in
the heart from ESRD remains undetermined. Kidney trans-
plantation is an option for these patients. However, concerns
had been raised about high mortality after kidney transplan-
tation. Some studies suggested an increase in early mortality
with 1-year patient survival of 69-79 % comparing with
97-100 % in the non-amyloidosis patients [64, 65]. Five-
year survival was 52-69 % vs. 87-100 %. The causes of
death were sepsis and cardiac related. Others reported no dif-
ferences in the 1-year (93 % vs. 94 %) or 5-year (89 % vs.
90 %) survival rate between AA patients and non-amyloido-
sis patients, respectively [66]. This study is more recent and
may reflect better management of immunosuppression.
Recurrence of AA has been reported in the renal allograft.
The true prevalence is unknown and may depend on the
underlying disease. In FMF, colchicine has been found to be
effective at preventing recurrence [67]. Patients who received
1.5 mg/day of colchicine had less proteinuria than patients
receiving 0.5 mg/day suggesting a dose effect. Finally,
recently anakinra was found to be effective in a patient who
was resistant to high-dose colchicine [68].

Hereditary Renal Amyloidoses

Fibrinogen Alpha A[Alphal-Chain Amyloidosis
(AFib)

First sequenced in 1993, AFib is one the most common types
of hereditary systemic amyloidosis involving the kidney in
Northern Europe [69]. Families with AFib have also been
identified in Peru, Mexico, and Africa. The disease is inher-
ited via an autosomal-dominant pattern. Six mutations have
been identified in the fibrinogen Aa-chain gene that are asso-
ciated with amyloid formation [70]. Initially, AFib was
thought to be one of the hereditary nonneuropathic systemic
amyloidosis, but later descriptions discovered peripheral
neuropathy was possible with certain mutations. Renal mani-
festations had been universal in this form of amyloidosis.
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In a study of 71 patients from multiple countries of origin,
proteinuria or hypertension was documented in 72 % of the
patients at presentation and renal insufficiency is present in
54 % [71]. Amyloid deposits had been found by radiolabeled
SAP scintigraphy in the adrenal gland and spleen. Whether
cardiac involvement is a feature in AFib is controversial. In
one report, none of the 63 patients who underwent radiola-
beled SAP scan demonstrated cardiac deposition or echocar-
diographic features of amyloid heart disease [71]. However,
a smaller series of 22 patients found 52 % of the patients had
echocardiographic evidence for amyloid infiltration [70]. In
this study, three of the four patients who underwent endo-
myocardial biopsy were found to have a substantial amount
of amyloid deposition. The deposits were also found on ath-
eromatous plagues, but the significance of this was unclear.
Median age of presentation was 58 years with a range of
33-83 years [71]. ESRD developed in 62 % and the median
time to progression to ESRD of 4.6 years. Median survival
from diagnosis was 10.9 years.

Recurrence is common in patients with AFib who received
a kidney transplant alone. In a series of ten patients with 12
allografts, three grafts failed immediately due to technical
problems [71]. In the nine remaining grafts, four had docu-
mented recurrence of which three subsequently failed at a
median of 6.7 years. Only 1 graft remained functioning 12.2
years after transplantation despite having recurrence docu-
mented 7 years after transplant. Faster graft loss had been
reported [72]. While fibrinogen synthesis has been identified
in other cell types, in human, it appears to be exclusively pro-
duced in the liver [73]. As a result, orthotopic liver transplan-
tation may completely eliminate the production of the mutant
fibrinogen Aa-chain and prevent recurrence and disease pro-
gression. Although the data is limited, combined liver—kid-
ney transplantation appeared to be effective at preventing
recurrence in the kidney allograft. Results from the two larg-
est series revealed none of the 12 patients who survived the
perioperative period had a documented recurrence [70, 71].
On the other hand, regression of visceral amyloid deposits
was noted on serial radiolabeled SAP imaging. In addition,
patients had improvement of their symptoms from GI immo-
bility improved and native kidney function. However, periop-
erative mortality was higher than non-amyloidosis patients
especially those with ESRD and were on long-term dialysis
prior to transplantation. Because of the higher morbidity and
mortality, recommendation of preemptive liver transplanta-
tion in these patients remains controversial.

Lysozyme Amyloidosis (ALys)
First described in 1993, ALys is one of the nonneuropathic

(Ostertag) forms of systemic amyloidosis [74]. Lysozyme is a
ubiquitous bacteriolytic enzyme which is produced by the
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macrophages, gastrointestinal cells, and hepatocytes.
Currently, four mutations have been identified to be involved
in amyloid formation. All of the mutations are located on exon
2. They are I56T, FS7I, W64R, and D67H. In addition, a case
of compound heterozygosity has been reported involving
exon 2 (T70N) and exon 4 (W112R) [75]. Ethnic origins of
families with ALys mutations include English, Italian, French,
and Scandinavian descent. Diagnosis can be made by immu-
nohistochemistry, but genetic confirmation is recommended.

The main feature of patients with ALys is GI manifesta-
tions. These include abdominal pain/discomfort to malab-
sorption syndrome [76]. Bleeding of the GI tract is also a
common feature. One of the more serious complications is
spontaneous rupture of the liver which has been reported in
one family involving the mother and daughter [77]. Renal
manifestations are the next most common. The presentation
ranges from hypertension, proteinuria, to nephritic syndrome
and ESRD. Time to ESRD is also quite variable ranging
from 3 months to 18 years. Kidney transplantation has been
successfully performed, but recurrence has also been
reported. Unlike in AFib where liver is the exclusive source
of the mutant protein, the mutant lysozyme is produced by
cells in addition to hepatocytes. Thus, liver transplantation
will not impede the production of the mutant protein and is
not indicated in these patients.

AApoAl and AApoAll Amyloidoses

Apolipoproteins (Apo) are cofactor for lecithin cholesterol
acyltransferase and are components of high-density lipopro-
tein (HDL). They are produced by cells of the liver and intes-
tine and catabolized in the liver and kidney. AApoAl and
AApoAII are part of the hereditary nonneuropathic systemic
amyloidosis described by Ostertag in 1932.

To date, 13 mutations have been identified to cause amy-
loid formation in AApoAl and 4 in AApoAll [78, 79]. Renal
dysfunction is the most common feature of both AApoAl
and AApoAll, but other visceral organs can be involved
including liver, heart, spleen, gonads, and skin [78-80].
Involvement of peripheral nerves is not a feature. Visual
impairment has been reported in patients with severe hepatic
involvement. The typical age of presentation for AApoAl is
between 18 and 55 years of age, but this can vary depending
on the mutation. Patients with Leu75Pro tend to present late
in their seventh decade and can live into their 90s. Levels of
HDL, ApoAl, and ApoAlIl are not elevated in these patients.

No treatment is currently available for either type of amy-
loidosis. Organ transplantation has been successfully per-
formed. In one study, eight of ten patients with AApoAl who
received a kidney transplantation remain alive 4-28 years
after transplant [80]. Two patients died at 2 months (CMV)
and 13 years. Recurrence was noted in five patients, but only
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one graft loss was reported 6.5 years after the recurrence was
documented and 25 years after kidney transplantation. The
other grafts remained functional at 5.3-8 years after recur-
rence was documented. Two patients underwent liver trans-
plantation. Both patients experienced regression of their
visceral amyloid deposits by SAP scintigraphy. Their overall
well-being also improved and to date no sign of recurrence.
This is interesting since liver is not the only source of ApoAl.

Latest Amyloidosis
LECT2 Amyloidosis (ALECT2)

ALECT?2 is the newest member of amyloidosis family. The
native protein is leukocyte chemotactic factor 2 (LECT2) [6].
Commercial immunohistochemistry testing is currently not
available so diagnosis must be made by tandem mass spec-
trometry. Only a dozen cases have been described in the lit-
erature so far. In one kidney biopsy series where 285 of
21,598 biopsies were congophilic, 31 could not be typed by
immunohistochemistry [81]. Of these, seven were later iden-
tified to be ALECT?2. It was the third more common amyloid
(2.5 %) in this series behind AL and AA. In the largest series
to date, the mean age of presentation was 67 years [18]. Seven
of ten patients were Mexican or Mexican-American. In the
kidney, ALECT2 is highly congophilic and is deposited
extensively in all compartments. Renal dysfunction appears
to be the main clinical feature although ALECT2 has been
identified in liver, spleen, colon, and adrenal gland. The sig-
nificance of the extrarenal deposition is unknown. LECT2
level measured in limited number of patients has been either
normal or undetectable suggesting systemic overproduction is
not part of the pathophysiology. Systemic infection or inflam-
mation is also not identified in these patients. Genetic analysis
has not revealed a mutation, but so far, all patients tested are
homozygous for the G allele of the LECT2 gene. Further
genetic analysis however is needed before any conclusion can
be made. No treatment is currently available for ALECT?2.

Summary

Despite the similarity in the physical characteristics of the
fibrils, amyloidosis is a tremendously heterogeneous group
of diseases. Important differences are noted ranging from
amyloidogenesis to organ tropism. These patterns reflect the
origin of the amyloidogenic protein and provide insights into
the pathogenesis. Tremendous advances have been made in
the field of diagnostic and typing of amyloid fibrils. Advances
have also being made in the treatment of amyloidosis which
has resulted in significant increases in the survival of these
patients.
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