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Amyloidosis is a disorder characterized by extracellular deposition of proteins in an abnormal fibrillar

configuration. Amyloidosis can be localized or systemic and may affect any organ. Breast involvement by

amyloidosis has rarely been reported. In this study, we described the characteristics of 40 cases of breast

amyloidosis that were reviewed at the Division of Anatomic Pathology at Mayo Clinic from 1995 to 2011. The

cohort included 39 women and 1 man with a mean age of 60 years. The type of amyloidosis, determined by

immunohistochemistry or mass spectrometry-based proteomics in 26 patients, was immunoglobulin-associated

in all cases (AL-kappa type in 15 (58%) cases, AL-lambda in 10 (38%) and mixed heavy and light chains (AH/AL) in

1 (4%) case). Mass spectrometry-based proteomics was able to determine the type of amyloidosis in 95% of cases

tested compared with 69% of cases by immunohistochemistry. In addition to amyloidosis, the breast biopsy

showed a hematologic disorder in 55% of cases, most commonly MALT lymphoma. One patient had concurrent

intraductal carcinoma, but none had invasive carcinoma. Of the 15 patients seen in our institution, 53% had

localized amyloidosis and 47% had extramammary amyloid involvement, which was diagnosed before breast

amyloidosis in most patients. M-spike was detected in the blood in 62%. After a median follow-up of 33.5 months

in 12 patients, 5 died, mostly of complications of lymphoma or leukemia. In conclusion, our findings indicate that

breast amyloidosis is of the AL type in the vast majority of patients (usually kappa). It is associated with systemic

amyloidosis in close to half of patients and with hematologic malignancy in the breast in over half of patients.

Therefore, further work up to rule out hematologic malignancy and/or systemic amyloidosis is recommended.

Mass spectrometry-based proteomics is superior to immunohistochemistry for typing of breast amyloidosis.
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Amyloidosis is an uncommon disorder character-
ized by extracellular deposition of proteins in an
abnormal fibrillar, beta-pleated sheet format. In
tissue, the amyloid deposits are identified by Congo
red histochemical stain, which produces apple-
green birefringence when viewed under polarized
light. More than 20 precursor proteins of amyloid
have been identified so far. The most common
types of amyloidosis are immunoglobulin (Ig) light-
chain amyloidosis (AL) secondary to plasma cell
dyscrasia, and reactive, so-called secondary (AA)
amyloidosis associated with chronic inflammatory

diseases. Other precursor proteins associated with
amyloidosis include transthyretin (TTR), fibrinogen
A a-chain, apolipoprotein AI, apolipoprotein AII,
lysozyme, gelsolin, cystatin C, b2 microglobulin and
leukocyte chemotactic factor 2 (LECT2).1,2 AL
amyloidosis can be localized or systemic, and
when systemic, it commonly involves the heart,
kidney, gastrointestinal tract and tongue.1

Breast amyloidosis is rare. It can be part of a
systemic disease or it may be localized to the
breast.3–10 It is typically unilateral, although bilateral
involvement has been described.11 Some of the
reported cases were associated with malignancy,
including invasive ductal or lobular carcinoma,3,4,12

or non-Hodgkins lymphoma.4 The typical clinical
presentation is painless, solitary breast mass, which
may or may not be associated with calcifications.

The largest case series of breast amyloidosis
reported so far was from the Boston Medical Center
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by Charlot et al.3 who described seven patients
with localized amyloidosis who presented with
abnormal screening mammography and calcificat-
ions. Immunohistochemistery, performed in three
patients, was negative for Ig light chains, TTR
and serum amyloid-associated (SAA) protein. One
case was associated with infiltrating ductal
carcinoma. None of these patients had clinical or
laboratory evidence of other organ involvement. We
report our experience with 40 cases of breast
amyloidosis that were reviewed at the Division of
Anatomic Pathology at Mayo Clinic, Rochester.
The large cohort of patients in this study has
the advantage of allowing us to define the chara-
cteristics of breast amyloidosis, including the
precursor protein, presentation, associated malig-
nancy and outcome.

Materials and methods

Approval from the Institutional Review Board was
obtained for this study. Demographic information,
clinical and radiological findings, treatment and
outcome for 15 patients that were seen in our
institution were obtained from the patients’ electro-
nic medical records. Clinical data on the remaining
patients who were followed at outside institutions
were not available.

We reviewed the pathology archives at Mayo
Clinic, Rochester, from January 1995 to September
2011, and identified 44 patients with a pathological
diagnosis of breast amyloidosis. Four cases were
excluded from this study because the results of
Congo red staining were not available. In the
remaining 40 cases, which comprise the study
cohort, the amyloid deposits stained positive with
Congo red and showed an apple-green birefringence
when viewed under polarized light. In four patients,
the breast biopsies were performed at our medical
center. In the remaining cases, the biopsies were
performed at outside institutions and the materials
were sent to us for a second opinion or for amyloid
typing. Cases were stained with hematoxylin and
eosin and Congo red.

Typing of amyloidosis was performed by immu-
nohistochemistry and/or liquid chromatography
tandem mass spectrometry. Amyloid typing by
immunohistochemistry was performed by immuno-
peroxidase staining on paraffin sections of the breast
biopsy using antibodies directed against the follow-
ing antigens: TTR, b2 microglobulin, SAA, serum
amyloid P component and kappa and lambda Ig
light chains.13

Amyloid typing by mass spectrometry-based pro-
teomics was performed on peptides extracted from
congo red-positive/microdissected areas of paraffin-
embedded breast specimen. The methods for mass
spectrometry-based proteomics in our center have
previously been published.14–16 Briefly, for each case,
10mm-thick sections of formalin-fixed paraffin-

embedded tissues were stained with Congo red. The
Congo red deposits were identified under fluore-
scence light and laser microdissected. The dissected
fragments were digested into tryptic peptides and
analyzed by liquid chromatography electrospray
tandem mass spectrometry. Mass spectrometry-
based proteomics raw data files were queried using
three different algorithms (Sequest, Mascot and X!
Tandem), and the results were combined and
assigned peptide and protein probability scores in
Scaffold (Proteome Software, Portland, OR, USA).
For each case, a list of proteins based on peptides
identified by mass spectrometry-based proteomics
was generated. Peptide identifications were accepted
if they could be established at 490.0% probability.
Protein identifications below the 90% confidence
level and those with single peptide identification
were not considered in our analysis. The spectra
value indicates the total number of mass spectrum
collected on the mass spectrometer and matched to
the protein using the proteomic software. A higher
number of mass spectra is indicative of greater
abundance and will typically yield greater amino-
acid sequence coverage. A higher mass spectra value
also indicates a higher confidence in protein
identification. Our clinical amyloid testing requires
a minimum number of four spectra in all samples
before the protein identification will be deemed
clinically valid.

Chi-square testing was used to detect differences
between groups. In all cases, two-tailed testing was
performed and all P-values refer to these results.
The threshold of significance was defined as a
P-valueo0.05.

Results

The study cohort consisted of 39 women and 1 man
with a mean age at biopsy of 60 years (range 38–85
years). The indications for breast biopsy were breast
mass (detected by the patient or by imaging studies)
in 13 (33%) cases, calcifications in 6 (15%) and
unknown in 21 (53%) (Table 1). In the majority of
cases, breast amyloidosis was not suspected clini-
cally and breast biopsies were done to exclude
malignancy. Amyloid deposition was identified in
the right breast in 21 (53%) patients, in the left breast
in 16 (40%) and was bilateral in 2 (5%). The location
was not indicated in 1 (3%) patient. The amyloid
deposits appeared as eosinophilic amorphous mate-
rial within the fat, fibrous tissue and blood vessels
(Figure 1). All cases showed characteristic staining
with Congo red (Figure 2). Multinucleated giant cells
were common. The type of amyloidosis, determined
by immunohistochemistry or mass spectrometry-
based proteomics, was AL (light chain) in 25
(63%) cases, of which 15 (60%) were of AL-kappa
and 10 (40%) were of AL-lambda, and mixed heavy
and light chains (AH/AL) in 1 (3%) case, which
was of IgA/lambda type (Table 1). None of the
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cases showed secondary (AA) amyloidosis or other
types of amyloidosis. For the remaining 14 (35%)
cases, typing was not performed (9 cases) or was
inconclusive (5 cases). Mass spectrometry-based
proteomics established the type of amyloid in 18
out of 19 (95%) cases tested. In the remaining

patient, amyloid deposits were of Ig type where Ig
gamma heavy chain, Ig lambda light chains
and Ig kappa light chains were detected by mass
spectrometry-based proteomics but none of them
predominated. In contrast, immunohistochemistry
established the type of amyloidosis in only 9
out of 13 (69%) cases tested and was inconclusive
in the remaining 4 (31%) cases. One case was
typed by both immunohistochemistry and mass
spectrometry-based proteomics and was of the AL-
lambda type.

In addition to amyloid deposits, the breast biopsy
showed a concomitant hematologic disorder in 22
(55%) cases (Figure 3): extranodal marginal zone
B-cell lymphoma (MALT lymphoma) in 14 (35%)
cases, plasma cell proliferative disorder in 6 (15%)

Table 1 Characteristic features of 40 cases of breast amyloidosis

Parameters
No. of
patients

(%)
P-value

Mean age in years (range) 60 (38–85)

Gender 0.0001
Female 39 (98%)
Male 1 (3%)

Side 0.5 (right vs left)
Right 21 (53%)
Left 16 (40%)
Bilateral 2 (5%)
Unknown 1 (3%)

Additional breast findings 0.2 (MALT vs
plasma
cell

proliferative
disorder/

plasmacytoma)

MALT lymphomaa 14 (35%)
Plasma cell proliferative
disorder/plasmacytoma

7 (18%)

Chronic lymphoid leukemia 1 (3%)

Type of amyloid 0.4 (kappa vs
lambda)AL 25 (63%)

Kappa 15 (60%)
Lambda 10 (40%)

AH/AL 1 (3%)
Unknown 14 (35%)

Indications for biopsy 0.1 (mass vs
Mass 13 (33%) calcification)
Calcifications 6 (15%)
Unknown 21 (53%)

aWith plasmacytic differentiation in seven patients.

Figure 2 Amyloidosis of the breast. Extensive stromal amyloid
deposits stain positively for Congo red (a) and show apple-green
birefringence under polarized light (b) (�100).

Figure 1 Amyloidosis of the breast. There is stromal and vascular
amorphous eosinophilic material, consistent with amyloid
(hematoxylin and eosin, � 400).
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cases, plasmacytoma in 1 (3%) case and chronic
lymphoid leukemia in 1 (3%) case. In one additional
patient, two previous unilateral biopsies performed
5 years prior to the biopsy that showed amyloidosis-
exhibited lymphoma; the first one showed low-
grade lymphoma and the subsequent one showed
diffuse large B-cell lymphoma. One patient with
breast amyloidosis and MALT lymphoma also had
ductal carcinoma in situ, whereas none of the 40
patients had invasive carcinoma.

Of the 15 patients seen at our institution who were
all Caucasian, 8 (53%) had localized amyloidosis
(confined to the breast) and 7 (47%) had amyloid
deposition in one or more additional organ sites
(skin in three patients, lymph nodes in two, heart in
two, soft tissue in one, tongue in one, lung/pleura in
one, submandibular gland in one, kidney in one and
nerves in one) (Table 2). The extramammary amy-
loidosis was diagnosed 6–144 months (mean 93
months) prior to the breast amyloidosis in 6 patients
and concomitantly with the breast amyloidosis in
the remaining patient. M-spike was detected on
serum protein electrophoresis/serum immunofixa-
tion electrophoresis in 8 out of the 13 (62%) patients
tested and on urine protein electrophoresis/urine
immunofixation electrophoresis in 4 out of the
15 (27%) patients. Serum-free light-chain assay
was performed in 9 (60%) patients. Serum-free
kappa to lambda ratio was abnormal (o0.26 or
41.65) in 4 (44%) and normal in 5 (56%) patients.
Bone marrow biopsy, performed in 14 patients
(93%), showed amyloid in 1 patient, which was of
AL-lambda type similar to the breast, plasma cell
dyscrasia in 3 patients, lymphoma in 2 patients and
was unremarkable in the remaining 8 patients
(Table 2). Abdominal fat pad biopsy, performed
in 7 patients (47%), was positive for amyloid in
only 1 patient (14%). Follow-up was available in
12 of these 15 (80%) patients. The median duration
of follow-up was 33.5 months (range 4–141). On

follow-up, 5 (42%) patients died: 2 of complications
of lymphoma (pleural effusions), 1 of pneumonia in
the setting of leukemia, 1 of congestive heart failure
and 1 of unknown cause at the age of 90 years. The
therapy for these patients is summarized in Table 2.
Patients with systemic amyloidosis and/or associated
hematologic disorders were treated with chemother-
apy with or without radiation, whereas patients with
localized breast amyloidosis without hematologic
disorder were not treated. None of the patients with
localized breast amyloidosis at diagnosis developed
extramammary amyloidosis on follow-up.

Discussion

This study reports our experience with a series of 40
patients with breast amyloidosis which is, to our
knowledge, the largest clinicopathological series of
breast amyloidosis. Our findings indicate that breast
amyloidosis is typically of the AL type, as 96% of
cases in our series in which the amyloid type was
determined were of AL type. Noticeably, none
of the cases were of the AA type, which is the
second most common type of systemic amyloidosis.
Rocken et al.4 described three cases of breast AL
amyloidosis in 2002 and reviewed the charac-
teristics of 42 previously reported cases. Amyloid
type was available in 18 of these 42 cases and was
AL in 15 cases, AA in 2 cases and AH in 1 case.
Interestingly, AL amyloidosis was kappa type in
60% of our cases and in 67% of the previously
reported cases reviewed by Rocken et al.4 This is in
contrast to AL amyloidosis in general, in which two-
thirds of cases are of lambda type.17

Forty-seven percent of patients with breast
amyloidosis seen at our medical center had systemic
AL amyloidosis. Therefore, work up to rule out
systemic amyloidosis, including serum protein
electrophoresis/serum immunofixation electrophor-
esis, urine protein electrophoresis/urine immuno-
fixation electrophoresis, free light-chain assay and
bone marrow biopsy, is recommended. Extramam-
mary amyloidosis was diagnosed prior to breast
amyloidosis in the majority of our patients, and
none of those with localized breast amyloidosis at
the time of diagnosis subsequently developed
systemic amyloidosis. This suggests that breast
involvement by amyloidosis is generally a late
development.

Localized breast amyloidosis without associated
hematologic disorder appears to be a benign disease.
This is supported by the fact that none of the two
patients in this category in our study with an
available follow-up of 32 and 141 months and none
of the seven patients reported by Charlot et al.3 with
a median follow-up of 6 years died of amyloid
complications or later developed systemic amylo-
idosis or plasma cell dyscrasia. Therefore, long-term
hematologic follow-up might not be necessary for
these patients but more studies are needed. The

Figure 3 Breast plasmacytoma with amyloidosis. There are sheets
of atypical plasma cells adjacent to amyloid deposits (hematox-
ylin and eosin, �400).
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Table 2 Clinical characteristics of 15 Mayo Clinic patients with breast amyloidosis

Patient
number

Age Gender/
race

Type of amyloid Concomitant breast
hematologic
malignancy

Extramammary
amyloidosis

Extramammary
hematologic malignancy

Bone marrow biopsy
findings

1 78 F/Cau ND None None None ND
2 52 F/Cau AL-l (by MS & IHC) MALT lymphomaa

(l-restricted)
Heart, lymph nodes
(axillary)

None Amyloid
(AL-l by MS)

3 64 F/Cau AL-k (by MS) Plasmacytoma
(k-restricted)

None Plasmacytoma (ribs,
femur, chest wall)

5% k-restricted
plasma cells

4 58 F/Cau AL-l (by MS) MALT lymphoma
(l-restricted)

Lung, kidney, soft
tissue (paraspinal)

MALT lymphoma
(paraspinal soft tissue)

Neg

5 56 F/Cau ND MALT lymphomaa

(l-restricted)
None None Neg

6 55 F/Cau ND MALT lymphomaa

(k-restricted)
Skin Small lymphocytic

lymphoma (right leg)
Neg

7 62 F/Cau ND None Lymph nodes
(retroperitoneal)

Lymphoplasmacytic
lymphoma (retroperitoneal
lymph node)

Lymphoplasmacytic
lymphoma

8 52 F/Cau Mixed AH/AL
(IgA-l) (by MS)

Scattered plasma cells
expressing monotypic
l

None None Neg

9 66 F/Cau AL-k (by MS) Noneb None None Low-grade B-cell
lymphoma

10 72 F/Cau ND (AL-k by MS on
submandibular
gland)

None Tongue,
submandibular
gland, heart, nerves

None 15% k-restricted
plasma cells

11 53 F/Cau AL-k MALT lymphomaa

(k-restricted)
Skin MALT lymphoma

(nasopharynx, orbit)
Neg

12 48 F/Cau Inconclusive (by
IHC)

MALT lymphoma
(l-restricted)

None None Neg

13 54 F/Cau ND None None None 10% k-restricted
plasma cells

14 63 F/Cau ND None None None Neg
15 38 F/Cau Inconclusive (by

IHC)
MALT lymphomaa

(k-restricted)
Skin None Neg

Patient
number

M-spike on
SPEP/SIFE

Serum-free
k/l ratio

M-spike on
UPEP/UIFE

Duration of F/U
in months

Treatment Follow-up

1 ND ND Neg 141 None Died of unknown cause
2 l ND l 12 Chemotherapy (C, P then R-CHOP) Died of complications of

lymphoma
3 IgG k (1.1 g/

dl)
ND IgG k 9 Chemotherapy (M, P, thalidomide,

VBAP) and radiation
Died of pneumonia in the
setting of leukemia

4 IgG l (0.6 g/dl) Abnormal
(0.22)

Neg 10 Chemotherapy (R-CVP) Alive

5 IgG l ND Neg No F/U Lumpectomy and radiation Alive
6 ND ND Neg 77 None Died of congestive heart

failure
7 IgG l (0.5 g/dl) ND IgG l 31 Chemotherapy (fludarabine,

novantrone, P, R) and radiation
Died of complications of
lymphoma

8 Neg Normal
(0.66)

Neg No F/U None Alive

9 IgM k Normal
(0.85)

Neg 4 Chemotherapy (R-CHOP) Alive

10 IgA k (small) Abnormal
(7.18)

IgA k 83 Chemotherapy (M, revlimid, P) Alive

11 Neg Normal
(1.52)

Neg 111 Chemotherapy (M, P, thalidomide,
Enbrel, R)

Alive

12 Neg Normal (1.0) Neg 6 None Alive
13 IgG k (0.8 g/

dl)
Abnormal
(4.82)

Neg No F/U None Alive

14 Neg Normal (0.8) Neg 32 None Alive
15 Neg Abnormal

(4.39)
Neg 35 None Alive

Abbreviations: C, cyclophosphamide; Cau, Caucasian; CHOP, cyclophosphamide, hydroxydaunorubicin, vincristine and steroid; F, female; F/U,
follow-up; IHC, immunohistochemistry; M, melphalan; MS, mass spectrometry-based proteomics; ND, not done; P, steroid; R, rituximab; SPEP/
SIFE, serum protein electrophoresis/serum immunofixation electropheresis; UPEP/UIFE, urine protein electrophoresis/urine immunofixation
electrophoresis; V, vincristine; VBAP, vincristine, carmustine, doxorubicin and P.
aWith plasmacytic differentiation.
bLow-grade lymphoma and diffuse large B-cell lymphoma in prior biopsies.
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prognosis in those with associated hematologic
disorder is guarded and largely dependent on the
hematologic disease. In our study, 3 of the 10
patients with associated hematologic disorder died
of lymphoma/leukemia complications.

Two of the three cases of breast amyloidosis
reported by Rocken et al.4 and one of the seven
cases reported by Charlot et al.3 were associated
with invasive carcinoma (ductal in two patients and
lobular in one patient). In contrast, only 1 of the 40
patients in our study had ductal carcinoma in situ
and none had invasive cancer. Importantly, 55%
of patients in our series had a hematologic disorder
in the breast, most commonly MALT lymphoma.
This association has been reported previously
in only a handful of cases.18–20

Breast amyloidosis lacks specific clinical or radio-
graphic features. In the majority of cases, amyloi-
dosis is not suspected clinically; instead, breast
biopsies are usually done to rule out malignancy.
Therefore, breast biopsy is essential to establish the
diagnosis of breast amyloidosis and avoid unneces-
sary surgical interventions.

Establishing the type of amyloidosis is essential
for prognosis and treatment. Traditionally, amyloid
typing is performed by immunohistochemistry or
immunofluorescence. More recently, the technique
of laser microdissection mass spectrometry-based
proteomics was introduced as a powerful tool for the
diagnosis and typing of amyloidosis with high
sensitivity and specificity.14–16 It is particularly
helpful in diagnosing some of the rare forms of
amyloidosis, such as fibrinogen A a-chain, apoli-
poprotein AI, apolipoprotein AII, ALECT2, AH and
AH/AL, which may not be diagnosed by immuno-
histochemistry. One of the most practical aspects of
the technique of mass spectrometry-based proteo-
mics for amyloid typing is that it is done on
formalin-fixed paraffin-embedded tissue instead of
requiring fresh, frozen or other specially stored
tissue samples. Since 2007, we have been using
mass spectrometry-based proteomics in our center to
determine the type of amyloid on biopsies from
bone marrow, fat pad, heart, kidney and other organs
including breast. Some of the advantages of mass
spectrometry-based proteomics over immunohisto-
chemistry are that it is a single test that can identify
the precursor protein of amyloid instead of testing
the sample with multiple different antibodies, and it
requires only a small amount of tissue, so that it can
be done in small needle biopsies. In our study, mass
spectrometry-based proteomics was able to
determine the type of amyloidosis in 95% of cases
tested compared with 69% of cases by immuno-
histochemistry. This study suggests that mass
spectrometry-based proteomics is superior to
immunohistochemistry for breast amyloid typing.

The pathogenesis of localized breast amyloidosis
in the absence of concurrent lymphoma or plasma
cell dyscrasia is unknown. The fact that it is usually
of the AL type, based on our data, would suggest

that localized breast amyloidosis most likely origi-
nates from local plasma cells secreting immunoglo-
bulins. Plasma cell proliferation by itself is probably
not sufficient to trigger amyloid deposition,
and undetermined factors are needed for amyloid
deposition.3,21

Primary malignant lymphomas constitute appro-
ximately 0.15% of malignant neoplasms of the
breast. Diffuse large B-cell lymphoma is the most
common type, followed by small lymphocytic and
follicular types. MALT lymphoma is uncommon in
the breast. Lin et al22 have recently reported a series
of 42 cases of breast lymphoma. Of the 23 primary
lymphoma cases in their series, 20 were diffuse
large B cell, 2 were MALT and 1 was follicular.
None of their cases had concurrent mammary
amyloidosis.22 In our study, MALT lymphoma was
present in 35% of cases of breast amyloidosis,
whereas only one case (3%) had concurrent small
lymphocytic lymphoma and none had diffuse large
B-cell lymphoma or follicular lymphoma. Therefore,
MALT lymphoma of the breast should be excluded
in any patient with mammary amyloidosis.
Conversely, Congo red stain is recommended on
breast samples showing MALT lymphoma to rule
out concurrent amyloidosis.

In summary, breast amyloidosis is of the AL type
in most patients, and in contrast to generalized
amyloidosis, it is usually of the kappa type. Almost
half of the patients have systemic amyloidosis and
over half have concurrent hematologic disorders in
the breast. Therefore, further work up to rule out
hematologic malignancy and/or systemic amyloido-
sis is recommended in patients with breast amyloi-
dosis. Mass spectrometry-based proteomics is
superior to immunohistochemistry and is a power-
ful tool to establish the type of breast amyloidosis.
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