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Non-Hodgkin lymphomas of the breast are rare, encompassing approximately 0.04–0.5% of all malignant breast
tumors, and the vast majority are B-cell lymphomas. In contrast, lymphomas of T-cell phenotype have been
rarely reported and some of these have been in close proximity to a breast implant. In our consultation practice,
we have identified four patients with primary T-cell anaplastic large-cell lymphoma presenting adjacent to
silicone or saline breast implants. All patients presented with seroma and neoplastic cells were identified in
suspension in the serous fluid without solid tissue invasion. Three patients had no evidence of systemic
disease (stage 1E), and one patient was not staged. The mean age of the patients was 46 years (range, 34–59
years). In all patients, the neoplastic cells had a T-cell phenotype, expressed CD30, cytotoxic granule-
associated proteins, EMA and clusterin, and were anaplastic lymphoma kinase-1-negative. Clonal T-cell
receptor c-chain gene rearrangements were identified in three patients. All patients underwent capsulectomy
with removal of the implant. One patient subsequently received chemotherapy and radiation therapy, and
another was treated with radiation alone. The third patient received no further therapy and the fourth patient has
been recently diagnosed. After a mean time of 13 months (range, 9–20 months), all three patients with follow-up
were alive and well without any recurrence or systemic disease. Although the follow-up time was relatively
short, our series and other reported cases suggest that primary anaplastic large-cell lymphoma adjacent to
breast implants is an indolent T-cell lymphoproliferative disorder.
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Non-Hodgkin lymphomas of the breast are rare and
comprise approximately 0.04–0.5% of all malignant
breast tumors and 2.2% of extranodal lymphomas.1,2

The vast majority of breast lymphomas are B-cell
lymphomas. T-cell lymphomas of the breast have
been reported rarely, and few of these occur without
an associated implant.3,4 In recent years, there have
been several case reports of patients developing
lymphomas in close proximity to silicone or saline
breast implants.5–13 Interestingly, the majority of
implant-associated lymphomas were T-cell lympho-
mas, including anaplastic large-cell lymphoma
(n¼ 5)5–7,13 and mycosis fungoides/Sézary syndrome
(n¼ 4).8,9 In contrast, only three B-cell lymphomas

were described, including a primary effusion lym-
phoma, a follicular lymphoma and a lympho-
plasmacytic lymphoma.10–12 Furthermore, two of
the patients with B-cell lymphomas presented with
systemic disease at the time of diagnosis.11,12

In this study, we present four patients with primary
anaplastic large-cell lymphoma of the breast asso-
ciated with a breast implant and seroma (a clinical
term used to identify accumulation of fluid around
the breast that is derived from serum). We also review
the five previously published cases with anaplastic
large-cell lymphoma in close proximity to breast
implants, to more fully characterize the clinico-
pathological features of this rare and unusual entity.

Materials and methods

Patients

The files of Mayo Clinic Tissue Registry were
reviewed for cases of primary lymphoma of the
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breast in association with a breast implant. During
the interval 1995–2007, four such patients were
identified. Paraffin blocks and/or slides were avail-
able on all patients for histological review and for
immunohistochemical and molecular genetic
studies. All cases were classified according to the
current World Health Organization (WHO) classi-
fication of malignant lymphomas based on morpho-
logy and phenotype.14 Primary-care physicians and/
or surgeons who were involved in the care of these
patients, were consulted to gather clinical data. The
Mayo Clinic Institutional Review Board approved
the study.

Immunohistochemistry

Five-micrometer sections from paraffin-embedded
tissue blocks were stained with hematoxylin and
eosin (H&E) and prepared for further immuno-
phenotypic analysis. Immunohistochemistry was
performed according to previously described techni-
ques.15 Antibodies used are summarized in Table 1.

In Situ Hybridization

In situ hybridization for the detection of EBV-RNA
was performed on formalin-fixed, paraffin-em-
bedded specimens using the procedure described
by Chang et al.16

Molecular Analysis

T-cell receptor (TCR) g-chain gene rearrangement
studies were performed by polymerase chain reac-
tion (PCR) technique, on paraffin-embedded tissue,
according to a previously published method.17

We used a mixture of four fluorochrome-labeled

50primers specific for each of the TCRg-chain gene
variable region families (Vg1, Vg2, Vg3 and Vg4)
and two 30 primers specific for the TCRg-chain
joining segments (J1 and J2). The PCR products
were analyzed on an ABI 3100 using GeneMapper
software (Applied Biosystems). TCR PCR was
considered positive for a clonal rearrangement if
there were three or fewer discrete peaks on the ABI
tracing that were at least four times greater in
amplitude than the polyclonal background banding
pattern.

Immunoglobulin (Ig) gene rearrangement was
studied according to a previously published
method.18

Results

The clinical features of this patient population are
summarized in Table 2. The mean age of our patient
population was 46 years (range, 34–59 years). The
mean time between implant placement and
lymphoma diagnosis was 5 years (range, 3–7 years),
and the mean follow-up time was 13 months (range,
9–20 months).

Clinical Findings

Patient 1
A 45-year-old female underwent right mastectomy
for an invasive, moderately differentiated, stage IIIB
(T4N1M0) ductal carcinoma, and a textured saline
implant was placed. Post-surgically, she was treated
with chemotherapy and received long-time tamox-
ifen. A CT scan of her chest 6 years after surgery
was unremarkable. However, 1 year later (7 years
following surgery) she developed a seroma
surrounding the breast implant. The seroma was
aspirated and a diagnosis of anaplastic large-cell

Table 1 Immunohistochemistry material

Antibody Clone Vendor Location

ALK-1 ALK-1 Dako Carpinteria, CA, USA
CD2 AB75 Novocastra Burlingame, CA, USA
CD3 Polyclonal Novocastra Burlingame, CA, USA
CD4 4B12 Novocastra Burlingame, CA, USA
CD5 4C7 Novocastra Burlingame, CA, USA
CD7 CD7-272 Novocastra Burlingame, CA, USA
CD8 CD8/144B Dako Carpinteria, CA, USA
CD20 L26 Dako Carpinteria, CA, USA
CD30 Ber-H2 Dako Carpinteria, CA, USA
CD43 L60 BD Biosciences Palo Alto, CA, USA
CD45RB (LCA) PD7/26 and 2B11 Dako Carpinteria, CA, USA
TIA-1 TIA-1 Immunotech Fullerton, CA, USA
Granzyme B GRB-7 Monosan/Caltag Burlingame, CA, USA
b-F1 8A3 Endogen Woburn, MA, USA
Keratin AE1/AE3 AE1 and AE3 Zymed Laboratories Inc. San Francisco, CA, USA
EMA E29 Dako Carpinteria, CA, USA
Clusterin 41D Upstate Biotechnology Lake Placid, NY, USA
HHV8 13B10 Novocastra Burlingame, CA, USA
PAX5 24 BD Biosciences Palo Alto, CA, USA
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Table 2 Clinical features of patients with anaplastic large-cell lymphoma in close proximity to breast implants

Patient Current study population Review of the literature

1 2 3 4 57 65 76 86 913

Age (years) 45 59 34 44 33 41 87 50 72
Reason for implant Breast cancer Breast cancer Cosmetic Cosmetic Cosmetic Cosmetic Breast

cancer
Breast cancer Breast cancer

Material of implant Saline Silicone Saline Saline Silicone Saline Saline Silicone Silicone
Time implant to
lymphoma (years)

7 3 4 NA 13a 5 8 9 16

Presentation Seroma Seroma Seroma Seroma Seroma Mass Seroma,
mass

Nodules Skin ulcer

Surgical treatment Implant removal
capsulectomy

(5 months after
diagnosis)

Implant removal
capsulectomyb

Implant removal
capsulectomy

Implant removal
capsulectomy

Implant removal
capsulectomy

NA NA NA Implant removal
(6 months before

diagnosis)

Radiation No Yes Yes (after
pregnancy)

NA Yes Yes NA No No

Chemotherapy No No Yes (after radiation) NA Yes Yes NA Yes No
Additional
information

NA NA Pregnant
(13 weeks)

No staging
performed

NA NA NA Hodgkin lymphoma
(20 years prior)

No staging
performed

F/U (months) 20 10 9 NA 12 NA NA 12 NA
Outcome Alive,

disease-free
Alive,

disease-free
Alive,

disease-free
NA Alive,

disease-free
Complete
remission

NA Systemic ALCL
after 12 months

NA

NA, information not available.
a
Original implant was replaced after 9 years.

b
Capsulectomy was performed at the time of implant removal.
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lymphoma was made. The histopathological
findings are described below. Immunophenotypic
and molecular genetic features are summarized in
Table 3.

An MRI of her chest performed at the time of
lymphoma diagnosis did not reveal any tumor
or lymphadenopathy. The patient declined further
treatment other than local application of a homeo-
pathic silver medication. Five months later, faint
erythema of the lower reconstructed breast was
apparent, which was thought to represent cellulitis/
infection. No lymphadenopathy was apparent. The
implant was removed and a partial capsulectomy
was performed. To our knowledge, the implant was
grossly intact. An outside pathology report des-
cribed the specimen as having ‘no definite evidence
of residual lymphoma,’ and a culture was negative.
The patient was alive and normal 15 months later
(20 months after original lymphoma diagnosis),
without any signs of recurrence or systemic disease.

Patient 2
A 59-year-old female underwent mastectomy for
breast cancer. Years later, a breast reconstruction
with bilateral silicone implants was performed.
Three years after breast reconstruction, a seroma
developed around the implant on the left side,
which was aspirated. Anaplastic large-cell lympho-
ma was diagnosed. The histopathological findings
are described below. Immunophenotypic and mole-
cular genetic features are summarized in Table 3.

One month later, a capsulectomy was performed
and the implant was removed. To our knowledge,
the implant was grossly intact. Anaplastic large-cell
lymphoma was present. The patient subsequently
received radiation therapy. The patient was alive
and normal 9 months later (10 months after
lymphoma diagnosis), without any signs of re-
currence or systemic disease.

Patient 3
A 34-year-old female underwent bilateral augmenta-
tion mammoplasty with saline implants. Three
years later, the left breast appeared larger than the
right. At this time it was thought that the right
implant might have imploded and was therefore
replaced. However, grossly the implant appeared to
be intact. One year later, a seroma was diagnosed
surrounding the left implant and 700 ml fluid was
aspirated three times. Because the patient was about
13 weeks pregnant, both implants were eventually
removed out of concerns for the current pregnancy
and subsequent lactation. To our knowledge, the
implants were grossly intact. The capsulectomy
specimen contained anaplastic large-cell lympho-
ma. The histopathological findings are described
below. Immunophenotypic and molecular genetic
features are summarized in Table 3.

The patient had no signs of systemic disease.
Therapy was not initiated at that time because of her
pregnancy. Labor was induced at 33 weeks because
of pre-eclampsia. Subsequently, the patient received

Table 3 Immunophenotypic and molecular genetic features of neoplastic cells in anaplastic large-cell lymphomas in close proximity to
breast implants

Patient Current study population Review of the literature

1 2 3 4 57 65 76 86 913

Phenotype T cell T cell T cell T cell T cell NA T cell T cell T cell
ALK-1 � � � � � NA � � �
CD2 Focal+ + Focal+ � + NA NA + NA
CD3 Weak+ + Weak+ + � NA Focal+ Weak+ �
CD4 + Focal+ Weak+ + NA NA + NA Weak+
CD5 + � � � NA NA � Weak+ Weak+
CD7 Focal+ NA NA Focal+ NA NA NA NA NA
CD8 Focal+ + � � NA NA � NA �
CD20 NA � � � � NA NA � �
CD30 + + + + + + + + +
CD43 + + NA + + NA + Weak+ �
CD45 + + + + NA NA + + �
TIA-1 + + + + NA NA + NA NA
Granzyme B + + + + NA NA NA NA NA
EMA + + + + Focal+ NA Focal+ � �
Clusterin Subset+ Subset+ Subset+ Subset+ NA NA NA NA NA
PAX 5 � � � � NA NA NA NA �
b-F1 � � � � NA NA NA NA NA
Keratin NA � � � NA NA � NA �
TCR g-chain rearrang Clonal Polyclonal Clonal Clonal Clonal NA Clonal NA NA
IgH rearrang Polyclonal Polyclonal NA NA Polyclonal NA NA NA NA
EBV � � � � � NA NA NA �
HHV8 � � � � � NA NA NA NA

‘+’, expressed; ‘�’, not expressed; NA, information not available; rearrang, rearrangement.
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six cycles of CHOP chemotherapy followed by
radiation treatment. She was alive and well
9 months after her lymphoma diagnosis, without
any signs of recurrence or systemic disease.

Patient 4
A 44-year-old female underwent augmentation
mammoplasty with a saline implant. The time of
implant is not known to us. Eventually a seroma was
noticed around the left implant. Fluid was aspirated
and a diagnosis of anaplastic large-cell lymphoma
was made. The histopathological findings are
described below. Immunophenotypic and molecular
genetic findings are summarized in Table 3. Three
months later, capsulectomy was performed and the
implant was removed. By report, the implant was
grossly intact. The capsulectomy specimen showed
fibrosis with nonspecific chronic inflammation and
foreign body giant-cell reaction. There was no
evidence of lymphoma.

Because this diagnosis was made recently, staging
has not yet been performed and no treatment
decisions have been made.

Histopathological, immunophenotypic and
molecular genetic findings
The histopathological findings were similar in all
four patients. In all patients the pathological speci-
men examined was the ‘seroma’ adjacent to the
breast implant. Histological and cytological prepara-
tions showed a population of non-cohesive large
cells with pleomorphic nuclei, dispersed chromatin,
occasionally prominent nucleoli and variably
abundant eosinophilic cytoplasm exhibiting indis-
tinct cell borders suspended in a serous/fibrinous
background (Figures 1a and b). There were frequent
mitoses. No infiltration of surrounding solid tissues
was evident in the specimens available for patho-
logical examination. There was no evidence of
refractile material that could have indicated leaking
silicone.

The immunophenotype of the neoplastic cells and
molecular genetic findings for each individual
patient are summarized in Table 3. In all patients,
neoplastic cells demonstrated a T-cell phenotype
expressing CD3 (Figure 1c), CD4 and CD45 (Figure
1d) at variable intensity. In some patients, CD2
(n¼ 1) or CD5 expression (n¼ 2) was aberrantly lost
and there was aberrant coexpression of CD8 in two
patients. All tumors were strongly positive for CD30
(Figure 1e), TIA-1 (Figure 1f), granzyme B (Figure
1g) and EMA. A subset of neoplastic cells in each
specimen showed Golgi-staining pattern for clus-
terin. However, all specimens lacked staining for
anaplastic lymphoma kinase-1 (ALK-1) (Figure 1h),
b-F1 and HHV8. In situ hybridization was negative
for EBV.

Clonal TCR g-chain gene rearrangements were
detected in three patients (Figure 2); the
fourth patient had a polyclonal pattern. Ig gene

rearrangement studies had a polyclonal pattern in
the two patients tested.

Literature review
Primary anaplastic large-cell lymphoma of the breast
in association with breast implant has been reported
in five female patients.5–7,13 The available clinical
data for these patients are summarized in Table 2.
The mean age of the patients was 57 years (range,
33–87 years). The mean time elapsed between
placement of the breast implant and diagnosis of
lymphoma was 10 years (range, 5–16 years). No
systemic disease was identified at the time of
diagnosis in two patients, whereas no staging was
provided for the other three. Three patients were
treated with chemotherapy, two of whom also
received radiation therapy. One patient declined
any further treatment and there was no information
on treatment provided for the remaining patients.
Follow-up data were provided, in part, for three
patients. One patient who was treated with
chemotherapy and radiation therapy, was alive
after 12 months without any evidence of disease.
One patient achieved complete remission after
chemotherapy and radiation therapy, but the time
of follow-up was not provided. One patient treated
with chemotherapy developed pleural and peri-
cardial effusions, lung infiltrates and mediastinal
lymphadenopathy 12 months after her diagnosis of
anaplastic large-cell lymphoma. Analysis of the
pleural fluid confirmed relapsed anaplastic large-
cell lymphoma. Of further interest, this last patient
had a history of Hodgkin lymphoma 20 years before
diagnosis of anaplastic large-cell lymphoma.

The available immunophenotypic and molecular
genetic data for the five patients are summarized in
Table 3. The tumor cells were positive for CD30 in
all patients, and an ALK-1-negative T-cell pheno-
type was detected in all patients tested (n¼ 4).
Clonal TCR g-chain gene rearrangements were
detected in both patients for whom this testing
was performed.

Discussion

Although the majority of lymphomas in the breast
have a B-cell phenotype, most breast implant-
associated lymphomas have a T-cell phenotype.
Anaplastic large-cell lymphoma is the most common
T-cell lymphoma in close proximity to a breast
implant, as nine of 13 (69%) of these in this study
and in the literature belong to this category.5–7,13

Two types of anaplastic large-cell lymphoma are
defined in the WHO classification of malignant
lymphomas: (1) systemic anaplastic large-cell lym-
phoma and (2) primary cutaneous anaplastic large-
cell lymphoma.14 In 60–85% of systemic anaplastic
large-cell lymphomas, the pathogenesis is linked to
phosphorylation of a tyrosine kinase, the ALK-1.
ALK-1 protein expression is most commonly seen as
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Figure 1 Representative capsulectomy specimen from anaplastic large-cell lymphoma adjacent to breast implant (case 4). An infiltrate of
atypical cells suspended in serous/fibrinous material (H&E) (a). The neoplastic cells are large and have pleomorphic cytological features
(H&E) (b). Neoplastic cells stain for CD3 (c) and uniformly express CD45 (d). They are strongly positive for CD30 (e), TIA-1 (f) and
granzyme B (g). Neoplastic cells lack ALK-1 expression (h). Original magnifications: � 100 (a); � 1000-oil (b); � 400 (c–h).
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a result of t(2;5)(p23;q35), which fuses the ALK gene
on 2p23 to the nucleophosmin (NPM) gene on
5q35, resulting in constitutive activation of the
ALK kinase domain.19 ALK-1-positive systemic ana-
plastic large-cell lymphomas occur most often in
individuals less than 30 years of age, with a peak
incidence in childhood. ALK-1-negative systemic
anaplastic large-cell lymphomas tend to occur in
an older group of patients than those with ALK-1-
positive anaplastic large-cell lymphomas. Poly-
chemotherapy is the current treatment approach
for both ALK-1-positive and ALK-1-negative
systemic anaplastic large-cell lymphomas. However,
overall and event-free survival are significantly
better for ALK-1-positive than for ALK-1-negative
systemic anaplastic large-cell lymphomas, with 5-
year survival rates ranging between 71 and 100%
and 15 and 45%, respectively.19

Primary cutaneous anaplastic large-cell lym-
phomas arise de novo in the skin and usually affect
elderly patients who present with ulceration and
erythema of the skin. Primary cutaneous anaplastic
large-cell lymphomas appear to have a different
pathogenesis than systemic anaplastic large-cell
lymphomas.20 ALK-1 expression is extremely rare
in these tumors.19 Patients with the primary cuta-
neous form have no evidence of systemic disease for
at least 6 months after presentation, and spon-
taneous regression occurs in approximately 25% of
patients. Excision or local irradiation is usually
effective treatment. Five-year survival for primary
cutaneous anaplastic large-cell lymphoma is greater
than 90%.20

Nine patients with breast implant-associated
anaplastic large-cell lymphomas typically presented
with a seroma around the implant or with a mass
and had stage 1E disease. Although the follow-up
time for these patients was somewhat short, the lack
of recurrence or development of systemic disease in
all but one patient is noteworthy. Based on the
combination of anaplastic cytology, T-cell phenoty-
pic aberrancy, including expression of clusterin, and
clonal TCR g-chain gene rearrangements, we con-
cluded that these cases are malignant rather than
reactive despite the ‘benign’ clinical course. Inter-
estingly, the single patient with eventual systemic
dissemination presented with multiple nodules

rather than seroma, indicating a distinct patho-
genesis. In all patients, the neoplastic cells had
been uniformly negative for ALK-1 expression.
These observations suggest that anaplastic large-cell
lymphomas adjacent to breast implants have a
pathogenesis more analogous to primary cutaneous
anaplastic large-cell lymphoma rather than systemic
ALK-negative anaplastic large-cell lymphoma. Inter-
estingly, cutaneous erythema overlying the implant
or skin ulceration above the implant was observed
in two patients, which emphasizes the proximity
of these implant-associated lymphoproliferative
lesions to the skin.

Morphologically, there might be overlap of
anaplastic large-cell lymphoma with Hodgkin lym-
phoma because cases of Hodgkin lymphoma, parti-
cularly nodular sclerosis type, may contain
confluent sheets of CD30-positive Reed Sternberg
cell variants resembling anaplastic large-cell lym-
phoma. However, the T-cell phenotype of neoplastic
cells that coexpress EMA and cytotoxic granule-
associated proteins, the lack of PAX5 expression and
the negativity for EBV in all of our specimens
support the diagnosis of anaplastic large-cell lym-
phoma. Furthermore, a subset of neoplastic cells in
all our specimens showed the Golgi-staining pattern
for clusterin that is commonly described in primary
cutaneous anaplastic large-cell lymphomas.21–23

This finding further supports that the pathogenesis
of implant-associated breast anaplastic large-cell
lymphomas resembles that of primary cutaneous
anaplastic large-cell lymphoma. Because implant-
associated breast lymphomas commonly present as
therapy-resistant seroma, primary effusion lympho-
ma might also be considered in the differential
diagnosis. However, we show that neoplastic cells
lack staining for HHV8 and EBV, basically excluding
the diagnosis of primary effusion lymphoma.

Silicone was introduced 30 years ago when it was
believed to be biologically inert and to lack tissue
immunogenicity.24 However, some case reports have
attributed various immunological side effects to the
use of silicone, such as localized and distant
granulomatous inflammation in the breast, reactive
lymphadenopathy, inflammation of joint capsules
following erosion or fracture of a prosthesis, endo-
carditis, nephropathy, hepatic granulomas and

Figure 2 Representative tracings from TCRg-chain gene rearrangement studies performed by PCR technique on specimen from patient 3
showing positive peaks, indicating clonality in the neoplastic cells. Colors are characteristic for certain primer sets.
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fibrosis, respiratory distress syndrome and human
adjuvant disease, indicating that silicone is not inert
and can, in fact, provoke a local or systemic immune
response.25–30 Furthermore, silicone gel–protein
mixtures have been used as potent immunological
adjuvants.31 In support of this, evidence from animal
studies suggests that silicone gel is immunogenic32

and can induce plasmacytomas in genetically pre-
disposed mice.33 Additionally, Cook et al.11 reported
a case of follicular lymphoma, adjacent to a foreign-
body granulomatous response to a silicone breast
implant. It has been shown that silicone gels contain
several components that are potentially biologically
active, such as residual vinyl groups and platinum.
However, silicone gel liquids can leak out of the
capsules either by rupture or seepage. Even in
the absence of detectable rupture, it has been
shown that leakage is common, as evidenced by
the finding of intracellular (macrophages) and
extracellular silicone in the superficial portion
of the fibrovascular tissue reaction that comprises
the periprosthetic breast capsule. Saline implants
are also often surrounded by an impermeable
silicone elastomeric capsule that by itself might
be immunogenic. Among the nine patients with
breast implant-associated anaplastic large-cell lym-
phoma, five had saline and four had silicone
implants. However, whether the saline implants
had a silicone elastomeric capsule or a poly-
urethane-walled capsule is not known to us.
Although grossly there was no rupture apparent in
our patients or in any of the patients reported in
the literature, leakage of silicone from the implant
or the implant capsule might have occurred.
Overall, we did not find an apparent difference in
overall clinical presentation, morphology and
immunophenotype of the neoplastic cells, or of
clinical outcome between patients with silicone vs
saline implants.

Anaplastic large-cell lymphomas are lymphomas
of activated lymphocytes.20 In light of this, the
development of anaplastic large-cell lymphoma in
the vicinity of breast implants might be a con-
sequence of an immunological reaction to the
silicone. For instance, T cells might be stimulated
by the silicone and eventually become clonally
expanded by a mechanism that has not yet been
defined. Once the implant and the tumor are
removed, the T cells may lack the immunological
stimulus to expand further.

In summary, it is important to be aware that
lymphomas can occur in the vicinity of breast
implants independent of the implant-material used.
Therapy-resistant seroma in the proximity of or
surrounding a breast implant should raise the level
of suspicion for the presence of a lymphoma. ALK-1-
negative T-cell anaplastic large-cell lymphomas are
the most common breast implant-associated lym-
phomas. The clinicopathological features of these
tumors cited herein suggest that they are more like
primary cutaneous anaplastic large-cell lymphomas

than ALK-1-negative systemic anaplastic large-cell
lymphomas.
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