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HE TERM “amyloid” was coined by Mat-
thias Schileiden, a German botanist, in
1838 to describe a normal amylaceous constitu-
ent of plants. In 1854, Rudelf Virchow used the
term amyloid because the iodine-sulfuric acid
test indicated that the substance was similar to
cellulose.! The term “lardaceous disease” had
been used more than 60 years before by Anto-
ine Portal, a French physician, but was popular-
ized by Kar] Rokitansky in 1842, when he stated
that patients with tuberculosis or syphilis had
liver enlargement because of infiltration by a
gray, albuminous, gelatinous substance.’?
“Waxy” was used interchangeably with larda-
ceous in describing the distinctive substance.
However, it had been recognized as albuminous
rather than fatty by William Budd during the
1840s.% Johann Meckel reported that the larda-
ceous changes were present in the aorta, arter-
ies, and intestinal wall as well as the liver and
kidneys. This is the distribution of amyloid that
is now recognized as primary. Virchow, in a
lecture on April 17, 1858, stated, “Only when
we have discovered the means of isolating the
amyloid substance, shall we be able to come to
any definite conclusion with regard to its na-

ture."#

Although amyloidosis was described more
than 300 years ago, it was not until 1856 that
Wilks described a 51-year-old man with “larda-
ceous viscera” unrelated to syphilis, osteomyeli-
tis, other osseous disease, or tuberculosis. At
autopsy, the patient’s heart was enlarged and
his spleen was described as hard and larda-
ceous. The patient had experienced episodes of
dropsy for 8 years as well as lardaceous changes
in his kidney. This patient probably had primary
amyloidosis {AL).%

Amyloid seems to ke homogeneous and amor-
phous under the light microscope. The amor-
phous, hyalinlike appearance of amyloid is mis-
leading because it is a fibrous protein consisting
of rigid, Hinear, nonbranching, aggregated fibrils
7.5 to 10 nm wide and of indefinite length. Each
amyloid fibril consists of two to five filaments
and is arranged in an antiparallel or cross
B-pleated sheet configuration, This arrange-
ment is responsible for the staining and optical
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features of amyloid. The metachromatic stains
such as methyl violet or crystal violet produce
typical color changes in amyloid tissue. Congo
red is considered the most specific stain, which,
when viewed with a polarized light source,
produces apple-green birefringence.

The fibrils deposit extraceflularly, are in-
soluble, and generally resist proteolytic diges-
tion. They ultimately lead to disorganization of
tissue architecture and the loss of normal tissue
elements.

PATHOGENESIS AND CLASSIFICATION

Amyloid fibrils consist of various proteins
such as monoclonal x or A light chains in
primary amyloidosis (AA) protein A in second-
ary amyloidosis {AA), transthyretin {prealbu-
min) in familial or senile systemic amyloidosis,
or By-microglobulin {3,M) in dialysis-associated
amyloidosis {Tabie 1). All types of amyloid stain
positively with Congo red, thioflavin T, or the
metachromatic stains and contain amyloid P
component. A more complete nomenclature
and classification of amyloidosis have been pub-
lished.~!

Magnus-Levy™ postulated more than 60
years ago that Bence Jones protein and amyloid
were related. Osscrman et al¥ proposed in
Seminars in Hematology, vol 1, that Bence Jones
proteins were directly involved in the produc-
tion of amyloid and that these fight chains had a
greater affinity for certain tissues. In 1971,
Glenner et ail? showed that amyloid fibrils from
a patient with AL were virtually identical to the
variable portion of that patient’s monoclonal
light chain (Bence Jones protein).

The fibrils of AL consist of the N-terminal
amino acid residues of the variable portion of a
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Tabie 1. Systemic Amyloidasis:
immunohistochemical Identification

& . Longo  Kappa/ Transthyretin

' o Beel Lambda  Protein A B.M  (Preaibumin}
Tl + + - _
AA + - + - R
FMF + - + - -
AD + - - -
AF + - - - +.
S5A + - - -+

Abbreviations: FMF, familial Mediterranean fever; AD, diasty-
sis amyloidosis; AF, familial amyloidosis; SSA, senila systemic
amyioidosis.

monoclonal light chain. In AL the light-chain
class is more frequently A than x {2:1}, in
conirast to light-chain classes found in multiple
myeloma, in which this ratio is reversed. Inter-
estingly, all patients with Ay subgroup have AL.
Presumably, some light chains possess features
that render them amyloidogenic.

Primary amyloidosis can be divided into (1)
AL, and (2) AL with multiple myeloma on the
basis of the number of plasma cells in the bone
marrow, the amount of monoclonal {M-) pro-
tein in the serum and urine, and the presence or
absence of skeletal lesions. However, differen-
tiation on the basis of the presence or absence
of muitiple myeloma is frequently difficult and
indeed artificial because the two disorders are
both plasma cell proliferative processes with
much overlap. In addition, the amyloid fibrils
consist of the NH, terminal amino acid residues
of the variable portion of a monoclonal immuno-
globulin light chain in both AL and AL with
myeloma. The M-protein is a product of the
plasma celi, and both conditions represent a
clonal plasma cell proliferative process. Also,
the presence or absence of multiple myeloma
does pot influence survival during the first year
after diagnosis of AL Furthermore, therapy
for the two conditions is the same. Conse-
quently, it is preferable to consider both catego-
ries together as AL.

EPIDEMIOLOGY

The age- and sex-adjusted annual incidence
rate of AL in Olmsted County, Minnesota, was
determined to be .89 per 100,000 (8.9/million
person-years). Applying this rate to the US
population, we could expect approximately 2,225
new cases annually. The age-adjusted rate for
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males was more than twice that for females.”
Although the age- and sex-adjusted incidence
rates were slightly higher from 1970 through
1989 than from 1950 through 1969, there was no
significant increase over time.

MATERIALS AND METHODS

Al Mayo Clinic records reporting a histologi-
cal diagnosis of amyloidosis from Jamnary 1,
1981, through December 31, 1992, were te-
viewed and the data abstracted on sheets suit-
able for keypunching. The data for multiple
visits were recorded on separate sheets. Searches
for keypunching and abstracting errors were
conducted by computer. Cases without a defi-
nite histological diagnosis of amyloidosis were
excluded, as were cases of AA, localized amyloi-
dosis, or familial or senile amyloidosis.

All laboratory data were obtained from Mayo
Clinic records within 1 month after the histologi-
cal diagnosis of AL. Patients who came to the
Mayo Clini¢ more than 1 month after the initial
diagnosis were excluded from this review. Fol
low-up letters were written to patients and their
physicians for more information. Death certifi-
cates were requested when needed. Data from
the Mayo Cancer Registry were used for follow-

up.
RESULTS

From January 1, 1981, through December 31,
1992, 1,315 patients with amyloidosis were evalu-
ated at the Mayo Clinic. More than two thirds
had AL. Localized amyloidosis was found in
19%. Most of the patients with localized amy-
loidosis had involvement of the carpal ligament.
Secondary amyloidosis and familial amyloidosis
were uncommon {Fig 1). During this 12-year
period, 918 patients with AL were seen at the

Familial, 4% (55)
Senile, 4% (52}
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Figt Types of amyloidosisin 1,315 patiént's, 1981-1992.
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Mayo Clinic. However, in 444 (48%) the diagno-
sis was made more than 1 month before or after
being seen at the Mayo Clinic, and these pa-
tient% were excluded from this study. The labo-
ratory and clinical features of the remaining 474
patients are reported in this review. .
The diagnosis was made at the Mayo Clinic in
322 patients (68%) and elsewhere in the remain-
ing 152 cases, but the latter group was seen at
the Mayo Clinic within 1 month of diagnosis.
During 1981 and 1982, 84% of the diagnoses
were made at the Mayo Clinic, whereas during
the last 2 years (1991 and 1992), 61% were
made at the Mayo Clinic. The decline is prob-
ably because of increased awareness of AL in
the medical community and our prospective
therapeutic protocols for AL, which promote
referral. _
At the time of diagnosis of AL, 78 patients
{16%) had monoclonal gammopathy of undeter-
mined significance, 71 {15%} had multiple my-
eloma, 13 {3%) had smoldering multiple my-
elema, 4 (1%) had macroglobulinemia, and 2
{0.5%) had solitary plasmacytoma of bone.

Age and Sex

The median age at diagnosis was 64 years,
which is similar to that for multiple myeloma
and macroglobulinemia. Ninety-nine percent
were 40 years or older (Fig 2). None was
younger than 30 years.

Clinical Findings

Weakness or fatigue and weight loss were the
most frequent initial symptoms (Fig 3). Weight
loss occurred in more than one hall of the
patients. The median weight loss was 23 pounds;
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Fig 2. Age and sex of 474 patients with AL seen at Mayo
Clinic within 1 month of diagnosis.

47

70 Range 4-200 In

Median 23 ib

5¢

40

30

20

With symptoms, %

10

Fatigue Welght loss Purpura

Bone pam
Symptoms

Fig3. Symptoms of AL in 474 patients.

five patients Jost more than 100 pounds. Pur-
pura, particularly in the periorbital and facial
areas, was noted in 15%. Some patients had
scen multiple physicians for periorbital and
facial purpura, but the amyloidosis had not
been recognized. Gross bleeding was reported
initially in only 3%. Skeletal pain was a major
symptom in only 5% and was usually related to
Ivtic lesions or fractures associated with mul-
tiple myeloma, Diyspnea and pedal edema were
frequent in patients with congestive heart fail-
ure. Paresthesias, light-headedness, and syn-
cope were often noted in patients with periph-
eral neuropathy or autonomic neuropathy. In
several instances hoarseness or change of voice
to a weak, high-pitched, or a deep, husky sound
alerted the physician to the possibility of amy-
loidosis. In these patients the voice frequently
became weak late in the day.

A family history of cancer was recorded in
38%, leukemia or lymphoma in 4%, and my-
eloma in 1% of first-degree relatives. Forty-five
patients (9.5%) had suffered in the past or were
currently suffering from carcinoma, The most
commonly involved organs were prostate (nine
cases), breast {seven cases), skin {five cases),
and kidney (four cases).

Physical Findings

The major initial physical findings are listed
in Fig 4. The liver was palpable in almost one
fourth of patients, but the edge was palpable
more than 5 cm below the right costal margin in
only 11%. Splenomegaly was present initially in
3% and extended more than 3 cm below the left
costal margin in only one patient. Hepatospleno-
megaly was of modest degree in patients with
Al. Macroglossia was present initially in fewer
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Fig 4. Physical findings in 474 patients with AL.

than one teath of patients. The decreasing
prevalence of macroglossia that we have ob-
served during the past 30 years® =3 s most
likely a reflection of eatlier diagnosis of the
disease. Occasionally, the tongue is large and
very vascular and causes troublesome bleeding
(Fig 5). Increased firmness of the tongue, en-
largement of the submandibular structures, and
dental indentations are helpful in determining
the presence of macroglossia. It is frequently
associated with dysphagia and dysarthria and
may produce obstructive sleep apnea.

Purpura is a frequent finding and often in-
volves the neck and face, especially the upper
eyelids; purpura may be striking after proctos-
copy (Fig ). Purpura may be increased after
vomiting or coughing. It can be elicited by
minimal trauma such as rubbing the eyelids.
The skin is often fragile.

Edema is common and usuaily resuits from

Fig 5. Macroglossia and increased vascularity of tongue in
patient with AL {Reprinted by permission of Maye Founda-
tion. 3}
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Fig & Postproctoscopic periorbital purpura{PPPL. {Re-
printed with permission.®®)

congestive heart faiture or nephrotic syndrome.
Orthostatic hypotension may be prominent and
associated with syncope. {Occasionally, patients
have difficuity standing. Generalized lymphad-
enopathy is infrequent but may be the initial
manifestation of systemic amyloidosis. Signs of
congestive heart {ailure, nephrotic syndrome,
peripheral neuropathy, carpal tunnel syndrome,
and malabsorption must be sought during elici- -
tation of the history and performance of the
physical examination.

Syadromes

The frequency of amyloid syndromes at diag-
nosis is given in Fig 7. Symptoms of congestive
heart failure or nephrotic syndrome or renal
insufficiency existed for a median of 3 months
before amyloidosis was diagnosed, whereas
symptoms of peripheral neuropathy or carpal
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Fig 7. Frequency of amyloid syndromes at diagnosis of At
CHF indicates congestive heart failure; Ortho hypo, ortho-
static hypotension.





































