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Abstract

Primary T-cell anaplastic large cell lymphoma (ALCL) of the breast is a rare entity, which has
been reported in association with breast implants. In a retrospective analysis of the City of Hope
pathology database, we uncovered nine such patients, eight of whom had breast implants proximal
to primary ALCL. The diagnosis of ALCL in the implant capsule occurred at a median of 7 years
(range 5-30) following implant surgery, and median patient age was 45.5 years (range 32-62).
Malignancy was effusion-associated in 2 cases and tissue-associated in 6. Seven patients were
negative for anaplastic large-cell kinase (ALK) and one patient was positive. Treatment and
follow-up data were available for four patients, all tissue-associated cases: two patients were lost
to follow-up after failing to mobilize stem cells and two patients were in remission, 6 years and
7.5 years post autologous transplant. These cases represent 24% of reported primary ALCL cases
associated with breast implants. Our review of these cases and the literature suggest that 1) there is
a strong skew in primary breast lymphomas associated with implant capsules toward T-cell,
ALCL ALK-, and 2) the disease course for tissue-associated cases is not always indolent, with
four patients requiring multiple treatment regimens
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INTRODUCTION

T-cell anaplastic large-cell lymphoma (ALCL) is rare, representing only 0.75% of all
lymphomas and 14% of T-cell non-Hodgkin lymphomas (NHL) reported in the United
States between 1992 and 2001 [1]. Primary breast lymphomas (of various classification) are
also uncommon, comprising less than 1% of all NHL and less than 0.7% of all breast
malignancies [2]. Of breast NHLs, the majority are B-cell lineage, with ALCL accounting
for only 6% according to a recent study [2]. In the published literature, there are 24
documented cases of primary ALCL associated with breast implants, 14 patients implanted
for cosmetic reasons [3-12], 9 for reconstruction secondary to breast cancer (not lymphoma)
[4,13-18], and one unknown [19] (see Table 1). Recent reports speculate on a potential
association between the presence of implants and development of primary breast ALCL, and
some even suggest that effusion-associated breast ALCL be defined as distinct clinical entity
with an indolent course [3,11]. Roden et a/. initially used the term seroma-associated ALCL,
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but the term effusion-associated is now preferred, as the lymphomatous fluid is not a true
seroma [4].

ALCL is a distinct class of large-cell lymphomas of the T-cell or null lineage. It is
characterized by cohesive proliferation of large pleomorphic blasts and CD30 antigen
expression. Since 1999, expression of the anaplastic large-cell kinase (ALK) gene fusions
further subdivides ALCL. ALK* ALCL has a better prognosis and occurs primarily in
young adult males, while ALK™ ALCL occurs mostly in older adult males and females
[20,21].

Multiple cases of primary ALCL of the breast, all associated with breast prostheses, were
observed during patient review by the lymphoma group at City of Hope and reported at the
American Society of Hematology Meeting in 2004 [22]. The presence of so many cases of
primary breast ALCL at one institution was itself remarkable, and their location within the
capsule of breast implants, particularly unusual. To follow up on this initial observation, we
undertook a retrospective analysis of the City of Hope pathology database.

MATERIALS AND METHODS

The files of the Departments of Pathology and Hematology/Hematopoietic Cell
Transplantation at the City of Hope were searched for any pathologic or clinical diagnosis of
primary T cell lymphoma of the breast occurring in patients during the years 1999 — 2007.
We used modified Wiseman/Liao criteria [23] for establishing primary lymphoma of the
breast: adequate pathological specimen, close association of mammary tissue and
lymphomatous infiltrate, and no other lymphomatous location at the time of diagnosis,
excluding the presence of ipsilateral axillary lymph node involvement. Regional lymph node
involvement was accepted provided that both mammary and lymph nodal lesions developed
simultaneously. All patients had their pathological diagnosis established by excisional or
needle biopsy, mastectomy or fine needle aspiration biopsy.

Thirteen patients had primary T-cell lymphomatous involvement of the breast with the
following histological subtypes: T-lymphoblastic (1 case), high grade T-immunoblastic (1
case), T-polymorphous immunoblastic (1 case), T-diffuse large cell (1 case), and 9 cases of
anaplastic large cell lymphoma. The available clinical files of all 13 patients were reviewed
and 8 cases were found to be associated with breast prostheses; all 8 patients with implants
had ALCL histology. For the 9 ALCL patients (including the patient with no implant), we
collected demographic data, including age, history of antecedent surgeries and malignancies,
and treatment type. The pathology data were also analyzed in the 9 patients, including the
subtype of ALCL, immunophenotype, and molecular studies. Diagnosis of ALCL cases
from the breast implants was based on the combination of cellular morphology (large,
anaplastic cellular morphology) and characteristic immunophenotypic features (strong CD30
positivity, expression of T-cell associated antigens, expression of cytotoxic markers).
Specimens were also tested for ALK gene expression. Some cases were further
demonstrated to have arranged T-cell receptor gamma gene rearrangements.

Of these 9 primary breast ALCL cases 2 were ALK* and 7 were ALK™. Eight of these nine
cases (1 ALK* and 7 ALK™) were associated with breast implants. Six of the implant-
associated ALCL patients were seen at this institution (some as second opinions), with the
remaining two diagnosed here as pathology consults but treated elsewhere. Therefore
follow-up data is available for only 4 patients. The City of Hope Institutional Review Board
approved the use of patient data and pathology specimens for this study.
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Cytologic/Histologic and immunophenotypic studies

Fine needle aspirate preparations were stained with standard Wright-Giemsa and Pap
staining for cytomorphologic evaluation. Tissue biopsy and cell block specimens were fixed
in 10% buffered formalin. The specimens were then processed routinely, embedded in
paraffin, and stained with hematoxylin and eosin (H&E) stain for histomorphologic
evaluation. For immunohistochemistry, four-micrometer sections from paraffin-embedded
blocks were immunostained with various antibodies including ALK (1:100, Dako
Corporation),CD3(1:800, Dako), CD20 (1;40, Novacastra), CD15 (1:20, BD Biosciences),
CD30 (1: 2,000, Dako), CD45 (1:200, Dako), EMA (1:40, Boehringer Mannheim
Biochemical), granzyme B (1:50, Monosan), and perforin (1:30, Vector), using the
streptavidin-biotin complex method with automated staining equipment (Dako autostainer).

T-cell Receptor Gamma Gene Rearrangements

Genomic DNA was extracted from paraffin-embedded tissues using the DNA FFPE Tissue
Kit (QlAamp) according to the manufacturer's instructions. PCR procedures were performed
on genomic DNA for analysis of TRG@ (T-cell receptor gamma gene) rearrangements
using four sets of specific primers. The amplified PCR products were electrophoresed under
non-denaturing and denaturing conditions in 8% acrylamide gels and visualized with
ethidium bromide staining. Positive cell lines (Jurkat) and plasmids were used as positive
controls. The expected PCR product lengths were approximately 300bp for Vy1-8, 220bp
for V9, 200bp for V10 and 180bp for V-y11 respectively. A positive result must represent
a distinct band in both non-denaturing and denaturing conditions. Intrinsic control p-globin
gene at 275bp was run with every sample. All positive case results were repeated one time to
ensure reliability.

RESULTS

Of 13 primary T-cell primary breast lymphoma cases in the City of Hope pathology
database, there were 9 ALCL patients, 8 of whom had breast implants. The one ALCL
patient who did not have an implant was a 15-yr old girl who was positive for ALK staining.
Table 2 shows available patient information and outcomes on the 8 patients with implants.
Patient median age was 45.5 years (range 32—62). Breast involvement in our patients was
left-sided in 6 patients and right-sided in 3. Implant types were usually not known, however
there were 3 confirmed saline and 1 confirmed silicone type implants, and 1 was known to
be texturized. Diagnosis of ALCL in the implant capsule occurred at a median of 7 years
(range 5-30 years) following implant surgery. In our implant patient group, 8 patients were
ALK~ and 1 patient was ALK*.

Patient disease course, treatment recommendations and outcomes are not known for all
patients; available information (summarized in Table 2) is given in greater detail below.

For patient #1, her initial complaint was swelling and fluid accumulation around the left
breast. The fluid was drained and showed large atypical lymphocytes in the background of
mixed small lymphocytes and histiocytes. The differential diagnosis included exuberant
reactive lymphoid hyperplasia, but could not rule out a lyphoproliferative disorder. The fluid
accumulation did not recur for 2 years, at which time she experienced rapid swelling of the
left breast. After drainage of the fluid, cytological and immunohistochemical workup
yielded a diagnosis of ALCL (ALK™). The patient came to City of Hope for a second
opinion and her diagnosis was confirmed by our pathology department. CHOP was
recommended by City of Hope; however, treatment was received elsewhere and actual
treatment and outcomes are unknown.
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Patient #2 was a pathology consult on tissue from the fibrous capsule of the left breast
implant.

Patient #3 did not initially have her implants removed, was immediately treated with 6
cycles of CHOP, but did not respond to treatment. Subsequently her implants were removed
and she was treated with radiation, but her mass was increasing in size while receiving
radiation. She finally achieved CR following 3 cycles of ICE salvage therapy, 11 months
following initial diagnosis. Autologous transplant was recommended but there was difficulty
collecting stem cells following both cyclophosphamide and then 2 more cycles of ICE
priming. A matched unrelated donor search for allogeneic transplant was initiated after
which the patient was lost to follow-up.

Patient #4 had received intraparenchymal silicone injections 30 years prior to diagnosis,
which were replaced with implants three years later. At the time of diagnosis she had only
the right implant removed, along with fluid and lymphomatous tissue from the capsule.
Patient 4 was treated with 6 cycles of CHOP and radiation, but recurred in 5 months in the
right breast, and was irradiated again with recurrence in 2 months, followed by
cyclophosphamide treatment. After an unsuccessful attempt to collect stem cells for
autologous transplant, the patient left care to pursue alternative remedies.

Patient #5 was a pathology consult on tissue from the fibrous capsule of the right breast
implant.

Patient #6 found a nodule in the inframammary fold of the left breast, which grew over
several months, but was negative by mammaography. She had her left implant removed and
the tissue in the fibrous capsule was pathologically diagnosed as ALCL. The patient was
treated with 6 cycles of CHOP, but experienced tumor regrowth within 2 weeks of
completion. Restaging showed systemic progression. ICE salvage was combined with
radiation but was ineffective. Finally patient #6 received an autologous transplant using a
cyclophosphamide/carmustine/ etoposide (CBV) conditioning regimen and had been in CR
for 7.5 years post-transplant at the last recorded follow-up.

Patient #7 was diagnosed with ALCL (ALK™), by excisional biopsy of a nodule from the left
breast adjacent to implant. She was immediately treated with 6 cycles of CHOP after which
she achieved CR. She then had her implants removed, followed immediately by radiation to
the left breast. A routine PET scan 6 months after completion of radiation showed relapse in
the right breast, axilla and abdomen. She was given ESHAP (etoposide, methylprednisolone,
high-dose ara-C, and cisplatin) salvage, followed by stem cell collection. Following an
autologous transplant, the patient has been in complete remission for 6 years.

Patient #8, presented with fluid accumulation in the left breast. After a second drainage of a
large volume of fluid, while waiting for the cytology report, she had her texturized implants
removed and replaced with smooth saline implants. A diagnosis of ALCL (ALK™) was made
and confirmed by Mayo Clinic T-cell rearrangement studies. She was CT and PET negative,
except for the left breast and had no B symptoms. The patient came to City of Hope for a
second opinion as she was reluctant to start chemotherapy, and her diagnosis was confirmed
based on pathology. Treatment with CHOP was recommended, but she was treated
elsewhere, and treatment and outcome were unknown.

DISCUSSION

We report on 8 implant-associated cases of primary breast ALCL, from a pool of 9 total
cases of primary breast ALCL, and 13 total cases of primary T-cell lymphoma of the breast,
from the City of Hope pathology database. Of these 8 implant-associated ALCL cases, 7
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were ALK~ and 1 was ALK™. Breast lymphomas are rare, and typically of B-cell origin,
with only 6% typically of ALCL histology [2]. The association with implants of 8/9 cases of
primary breast ALCL at this institution, is extraordinary. In addition all 7 cases of ALK~
ALCL were associated with breast implants.

The median patient age in this series, of 45.5 years (32-62), is similar to the median age of
47.5 years (range 28-87) for the 24 ALCL implant-associated cases found in the literature
(see Table 1). Both of these ALCL median ages are lower than the previously characterized
median age of 57.6 (for 96 patients) in a prospective study of primary breast lymphoma [24].
The median age for systemic ALCL differs significantly depending upon expression of the
anaplastic lymphoma kinase (ALK). The median age of ALK™ patients is 30 years and 61
years for ALK™ patients [21]. With 7/8 of our patients testing ALK™, the median age is
much lower than expected. The presence of one ALK™ patient with an implant is unusual,
since cases reported in the literature are ALK™, but we have no explanation for this
distinction.

As most of the implants were not removed at City of Hope, we were only able to confirm
implant type in four patients: three were saline and one silicone. Of the 24 cases of primary
breast implant-associated ALCL in the literature, 11 implants are silicone, 9 are saline, 1
hydrogel, and 3 are of unknown composition. The median time span from implant surgery to
diagnosis of ALCL was 7 years (range 1-23 yrs) in the literature, the same as our median of
7 years. Twenty of twenty-four primary implant-associated ALCL cases in the literature
report ALK™, with 4 cases of unknown ALK status; at City of Hope, 7 patients are ALK~
and 1 patient was ALK™.

Outcomes for primary implant-associated breast ALCL are recorded in only 10 of 24
published cases, many of which are in pathology or plastic surgery publications. Only two
patients were reported to have relapsed after initial treatment; one achieved CR post
capsulectomy (effusion-associated) [6] and the other metastasized to the lungs and
pericardium (tissue-associated) [8]. One report of 4 patients from the Mayo Clinic describes
seroma-associated ALK™ breast implant ALCL as an indolent T-cell proliferative disorder in
contrast to usual ALK~ ALCL [4]. As several of the patients in our study were seen for
diagnosis confirmation and treated elsewhere, we are unable to make definitive conclusions
regarding aggressiveness of the lymphoma. Based on the four patients for whom we do have
follow-up information, the disease course appears to be moderately aggressive, with relapse
in weeks to months after treatment.

In studies that report on broad categories of malignancy, such as breast cancer and NHL,
most show no increase, or in fact, a decrease in the risk of breast malignancy associated with
implants [25-29]. De Jong et al. report an odds ratio of 18.2 for association of breast
implants with breast ALCL based on data from a national registry in the Netherlands,
however they note that absolute risk remains low due to the rarity of breast ALCL [3].

As a tertiary care institution, it is difficult to extrapolate our incidence numbers to the
general population and epidemeological information from the Los Angeles County
Department of Health does not include histological subtype for lymphomas. The City of
Hope breast cancer program gives access to a large pool of women that have received
implants for reconstruction post-mastectomy and our proximity to Los Angeles, which has a
high per capita rate of cosmetic surgery [30], may also contribute to the incidence
frequency. Without epidemiological data, we cannot comment on the risk of primary breast
implant-associated ALCL; however, eight of nine cases of primary breast ALCL cases found
in association with breast implants is notable for a single institution. We can draw two main
conclusions from this patient case series: 1) there is a strong skew toward the ALCL ALK~
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histology in the occurrence of primary T-cell lymphomas associated with breast implants,
and 2) the disease course is not always indolent in patients with tissue-associated disease,
with several patients requiring multiple treatment regimens. A large multi-center prospective
study would be required to answer questions regarding relationships between implants and
ALCL of the breast. During the revision of this manuscript, the FDA has issued a
preliminary finding regarding the possible connection between breast implants and ALCL
[31] They have cited multiple occurrences in the literature as well as events recorded via
adverse event reporting by implant manufacturers, to support an increased risk of ALCL in
women with implants. The FDA is establishing a registry to allow further study of this
association and is requesting physicians to report any confirmed cases of ALCL in patients
with breast implants. As more cases are reported in the literature and there are a large
number of women receiving cosmetic implants, it is especially important to carefully
discriminate between ductal carcinoma and tissue-associated ALCL in the differential
diagnosis of breast malignancy in women with implants.
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