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Lymphomas of the breast are rare neoplasms that arise from breast
lymphoid tissue and are characterised by neoplastic B or T cells.
Breast lymphomas arising from B cells include, but are not limited
to, diffuse large B cell lymphoma, follicular lymphoma, extra-nodal
marginal zone lymphoma and Burkitt lymphoma. Anaplastic large
cell lymphoma (ALCL) is of a T cell origin and both anaplastic lym-
phoma kinase (ALK)-positive and ALK-negative presentations have
been noted in the breast. In addition, there is a more recently iden-
tified presentation of ALK-negative ALCL that arises around tex-
tured breast implants and is usually confined to a periprosthetic
fibrous capsule. Here, we discuss the clinical presentations, histo-
logical and immunohistochemical features and treatment options
for each type of primary breast lymphoma. We hope that this re-
view will highlight the importance of the timely and accurate di-
agnosis of breast lymphoma in order to tailor the most appropriate
treatment. We also wish to raise awareness of the breast implant-
associated lymphomas, with the goal of stimulating work that will
aid our understanding of their epidemiology and pathogenesis.
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Introduction

Cancers of the breast affect millions of women worldwide and are a major cause of premature
death.! Breast cancer mostly arises from either the epithelial or stromal cell components of the breast
parenchyma. In contrast, primary breast lymphoma (PBL) arises from breast lymphoid tissue and is
characterised by neoplastic B or T cells and is therefore classified according to World Health Organ-
isation (WHO) diagnostic criteria for non-Hodgkin lymphomas (NHL). Unlike breast cancer and some
other nodal or extra-nodal NHL, PBL is rare accounting for just 0.04-1% of malignant breast neoplasms
and less than 1% of NHL.2

PBL is diagnosed based on criteria proposed by Wiseman and Liao, which state that the primary
site of lymphoma presentation should be the breast, the lymphoma should be in close association
with the breast tissue, and the patient should have no history or evidence of disseminated disease
within 6 months of diagnosis, whilst the simultaneous involvement of axillary lymph nodes is con-
sidered to be the part of the spectrum of PBL.> Of note, these criteria exclude secondary breast lym-
phomas, i.e., those which arise elsewhere but manifest in the breast as part of secondary involvement.
PBL can present as one of many different histological variants. Over 90% of reported PBL cases are of
a B cell origin, of which over 50% are diagnosed as diffuse large B cell lymphomas (DLBCL), whilst fol-
licular B cell lymphoma (FL), extra-nodal marginal zone lymphoma (MZL) and Burkitt lymphoma (BL)
are amongst the less common B cell variants.*6 The predominant PBL of a T cell origin is anaplastic
large cell lymphoma (ALCL) which has been increasing in prevalence in the last 2 decades. Whilst not
exclusively arising in the breast parenchyma, it is found surrounding textured breast implants and is
usually confined by a periprosthetic fibrous capsule.®

Each histological variant of PBL seems to have a distinct epidemiology, prognosis and treatment
requirement, and therefore each must be accurately diagnosed to enable timely administration of the
most appropriate treatment. This is especially important as PBL is also easily misdiagnosed as breast
carcinoma due to the fact that both often present as a painless, apparently innocuous lump and lack
distinct imaging characteristics.’

In this review, the different types of PBL are discussed, focusing on breast implant-associated ALCL
(BIA-ALCL), with reference to the clinical presentation, histological and immunohistochemical features,
as well as treatment options available for each diagnostic entity. In compiling this review, our method-
ology included the review of case reports and small case series; large retrospective studies are lacking
in the study of PBL due to the rarity of these neoplasms.

Primary breast lymphoma of a B cell origin

PBL arising from B cells accounts for up to 90% of all PBL cases and predominantly consists of
the DLBCL, FL, MZL and BL diagnostic subtypes (Table 1). Rarer histological variants of B cell PBL
include precursor B cell lymphoblastic lymphoma,* classical Hodgkin lymphoma* and Epstein-Barr
virus (EBV)-positive Hodgkin lymphoma of mixed cellularity type,® although these latter forms are
not discussed in this review.

Table 1
Incidences of PBL of a B cell origin according to individual case series
PBL subtype Study-specific prevalence amongst PBL cases analysed per study  Study references
Diffuse large B cell lymphoma  64% of 50 cases 4
76.6% of 30 cases 5
39.6% of 1,304 cases* 6
Follicular lymphoma 10% of 30 cases ?
15.9% of 1,304 cases 6
Marginal zone lymphoma 28% of 50 cases 4
6.7% of 30 cases 5
24.7% of 1,304 cases 6
Burkitt lymphoma 2% of 50 cases 4

* These studies also included systemic/nodal lymphoma presentations in their cohorts
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Figure 1. Primary breast diffuse large B cell lymphoma. (A) H&E stain of breast ducts infiltrated by large cells with round to
oval or lobated nuclei with vesicular chromatin. (B) Immunohistochemistry for the B cell marker CD20 demonstrates that most
tumour cells are positive.

Primary Breast Diffuse Large B Cell Lymphoma

Primary breast diffuse large B cell lymphoma (PB-DLBCL) is the most common presentation of
PBL (Table 1) and is one of the more aggressive histological subtypes, often presenting as a rapidly
enlarging breast lump, sometimes accompanied by multiple breast masses, diffuse breast enlarge-
ment and/or enlarged axillary lymph nodes.” Systemic type-B symptoms including weight loss, fa-
tigue and fever can also occur in some cases.!” The causes of PB-DLBCL remain unclear, although
post-menopausal oestrogen levels,'! chronic inflammatory and autoimmune diseases'? and pregnancy
and lactation ' have been proposed as risk factors.

PB-DLBCL is histologically characterised by the presence of a diffuse infiltrate of large neoplastic B
cells with round to oval or lobated nuclei and frequent prominent nucleoli (Figure 1A). Immunohis-
tochemically, neoplastic cells are positive for B cell markers such as CD20 (Figure 1B), CD79« and/or
PAX5 and have either a germinal centre-like phenotype positive for CD10 and BCL6 or a non-germinal
centre-like phenotype of CD10 negative and MUM1 positive.” The non-germinal centre phenotype is
more common in PBL> The PB-DLBCL proliferation index detected with Ki-67 is usually high, com-
monly >80% 791314 (Table 2).

Owing to its aggressive nature, PB-DLBCL requires systemic treatments such as chemotherapy, ra-
diotherapy and immunotherapy. Interestingly, in contrast with breast parenchyma-derived neoplasms,
surgery and mastectomy seem to be associated with higher rates of recurrence and poorer prognosis.’
The most frequently administered treatment protocol for PB-DLBCL is six cycles of R-CHOP, consisting
of rituximab, a monoclonal antibody targeting CD20 which acts to deplete CD20-positive cells and a
regimen of four chemotherapy drugs: cyclophosphamide, doxorubicin, vincristine and prednisone. This
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Table 2

Immunohistochemical markers described in association with a PBL diagnosis of a B cell origin
PBL B cell subtype Immunohistochemical markers References
DLBCL CD20, BCL6, BCL2, MUM1, C-MYC, HGAL, CD79¢, PAX5, CD10, 7910 1213 14

LCA, CD19, Ki-67 (80-100%)

FL CD20, CD10, BCL6, BCL2, CD79«, p53, Ki-67 (10-40%) 16 18 19 20 21
MZL CD20, BCL2 22 23
BL CD20, BCL6, CD79«, MUM1, PAX5, CD43, CD10, CD19, 27,29 30 31

HLA-DR, Ki-67 (100%)

is often followed by consolidative radiation therapy and/or five doses of intrathecal methotrexate as a
prophylactic measure for central nervous system metastasis?- 101415,

Primary Breast Follicular Lymphoma

Primary breast follicular lymphoma (PB-FL) is less common and less aggressive than PB-DLBCL, and
as such fewer case reports and case series exist. PB-FL often presents as an enlarging breast mass'6
in the absence of type-B symptoms.!” Interestingly, PB-FL has been reported to co-occur with other
breast malignancies; at least one case of PB-FL co-occurring with bilateral lobular breast carcinoma
has been documented,'® and there have been multiple reports of secondary breast lymphomas co-
occurring with a variety of breast cancers (reviewed in '°). The detailed pathophysiology of these
co-occurring malignancies is unknown.

PB-FL is thought to arise from follicular B cells in breast lymphoid tissue and is histologically dis-
tinct from the other PBL variants due to the presence of small follicles composed of atypical small
centrocytes with cleaved nuclei?? (Figure 2A, B). Immunohistochemically, PB-FL expresses the ger-
minal centre markers CD10 and BCL6, as well as the anti-apoptotic protein BCL2 16:18-20 (Taple 2),
although some cases are CD10 negative.?! The proliferation index of PB-FL is much lower than PB-
DLBCL, at around 10-40% Ki67 positivity in keeping with its less aggressive clinical presentation.2%

PB-FL mostly has an excellent prognosis following treatment; a retrospective study of 36 patients
with PB-FL showed an overall response rate of 97%."7 This study also found that radiation therapy
alone, or in combination with surgery, was associated with a reduced risk of relapse compared to
that of surgery alone.!” This has since been supported by others; in one case report, low-grade PB-FL
was successfully treated with radiation therapy,?! and in another, high-grade PB-FL was successfully
treated with radiation therapy in combination with Rituximab-Cyclophosphamide, hydroxydaunoru-
bicin, oncovin, prednisone (R-CHOP).20

Primary Breast Extra-Nodal Marginal Zone Lymphoma

Primary breast extra-nodal marginal zone lymphoma (PB-MZL) has a similar incidence and prog-
nosis to PB-FL but is more indolent.!” Although PB-MZL can present as a painful palpable mass,22
many cases are asymptomatic and are only identified as focal asymmetries on mammogram and/or
ultrasound.?3-24

PB-MZL is thought to arise from the marginal zone of reactive lymphoid follicles. It presents his-
tologically as a vaguely nodular growth pattern (Figure 3A) of small atypical cells with moderately
abundant pale cytoplasm and irregularly shaped nuclei, which are known as monocytoid lympho-
cytes?? (Figure 3B). Immunohistochemically, the defining feature of PB-MZL is the almost exclusive
absence of CD10; PB-MZL stains positive for CD20 and BCL2 and has a low Ki67 proliferation in-
dex?2:23 (Table 2). However, CD21, CD35 or CD23 highlight underlying remnants of follicular dendritic
cell mesh-works suggestive of adjacent germinal centres (Figure 3C). PB-MZL has also been reported
to harbour various chromosomal translocations involving the MALT1 gene, identifiable by fluorescent
in situ hybridisation (FISH).?>

Owing to its indolent nature, most of the PB-MZL can be treated by lumpectomy or localised ra-
diation therapy.* In some cases, women may opt for active surveillance. Interestingly, a recent case
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Figure 2. Primary breast follicular lymphoma. (A) H&E stain of breast parenchyma infiltrated by ill-defined neoplastic folli-

cles. (B) H&E stain of the neoplastic follicles which are composed predominantly of small centrocytes, supportive of a diagnosis
of follicular lymphoma grade 1.

report detailed a woman who, due to the asymptomatic nature of her disease, opted for active surveil-
lance even though the malignancy was at an advanced stage involving both breasts, spleen and bone
marrow. However, the authors noted that irradiation and/or rituximab would be considered for this
patient if local and/or systemic symptoms should occur.?> Furthermore, there have been cases where
intervention with therapy was required. For example, one case report described a patient who opted
for active surveillance but developed multiple new breast masses one year after her initial diag-
nosis which required the administration of rituximab monotherapy until a complete response was
achieved.? In another patient, 6 months after a low-grade PB-MZL was diagnosed, a high-grade PB-
DLBCL developed; R-CHOP and consolidative radiotherapy were then administered,?® which may not
have been required if the PB-MZL had been treated earlier. However, there is no method to determine
which PB-MZL cases will progress to PB-DLBCL; this is also the case for MZL not associated with the
breast and its transformation to DLBCL.

Primary Breast Burkitt Lymphoma

Primary breast Burkitt lymphoma (PB-BL) is one of the rarest histological variants of PBL, although
its growth is extremely rapid and aggressive and can be fatal if not diagnosed early and treated ap-
propriately.?’ PB-BL commonly presents as a diffuse bilateral and rapid enlargement of the breasts.28
Pain, redness, itching, fever and axillary lymphadenopathy are also experienced by some patients.2’
PB-BL mostly affects young women of childbearing age (the range is 12-36 years2’) and cases often
present in pregnancy?® or during lactation in the post-partum period.??:3° There have been reports,
albeit very rarely, of males developing PB-BL; one case described a male with a history of basal cell
carcinoma and spironolactone (anti-androgen) treatment presenting with high-grade PB-BL.3! Interest-
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Figure 3. Primary breast extra-nodal marginal zone lymphoma. (A) H&E stain of breast parenchyma infiltrated by a vaguely
nodular infiltrate. (B) H&E stain of small to intermediate size lymphocytes known as monocytoid B cells with irregular nuclear
contours and moderately abundant clear cytoplasm. (C) CD23 immunohistochemistry staining highlights remnants of follicular
dendritic cell mesh-works, which is characteristic of all extra-nodal MZL.

ingly the common denominator in these cases is a history of a significant hormonal alteration, thus
suggesting a role for hormonal changes in the development of PB-BL.

PB-BL is considered to arise from mature B cells. It presents histologically as a diffuse infiltrate
of medium-sized B cells, with a uniform growth pattern, which forms a characteristic “starry sky”
appearance?’ (Figure 4A). Immunohistochemically, PB-BL is positive for CD20, as well as for the ger-
minal centre markers CD10 and BCL6 27-30-31 (Table 2) and are almost exclusively 100% positive for
Ki67 (Figure 4B), highlighting the high proliferative capacity of PB-BL.3? Both this high proliferation
index and the presence of a chromosomal breakage and translocation of the MYC locus in over 90% of
PB-BL cells 27-30 are characteristic of all forms of BL, not just those localised to the breast.

Successful PB-BL treatment outcomes have been achieved with bilateral mastectomy followed by
adjuvant chemotherapy,?’ although due to the aggressive nature of PB-BL, most cases require an in-
tensive chemotherapy regimen. Furthermore, complications can arise when PB-BL arises during preg-
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Figure 4. Primary breast Burkitt lymphoma. (A) H&E stain of the breast parenchyma replaced by a diffuse infiltrate of inter-
mediate size lymphoma cells associated with prominent phagocytic histiocytes that impart a “starry-sky” appearance as well as
frequent mitoses and karyorrhexis. (B) Ki-67 immunohistochemistry staining of almost 100% of lymphoma cells indicates that
almost all cells are in the process of cell division.

nancy. For example, one case report describes a woman with aggressive and late-stage PB-BL who
suffered a miscarriage following a reduced-intensity chemotherapy regimen and consequently un-
derwent aggressive chemotherapy combined with rituximab and methotrexate to achieve complete
remission.?8 PB-BL can also be fatal; in one case report, a patient progressed through the bleomycin,
cyclophosphamide, doxorubicin, vincristine and prednisolone (BACOP) chemotherapy protocol, and de-
spite being given further cycles of the modified chemotherapy regimen, CODOX- cyclophosphamide,
oncovin, doxorubicin, methotrexate, ifosfamide, Vepesid and Ara-C (CODOX-M/IVAC) plus rituximab,
the patient died shortly after.’® Another case report described a patient that relapsed 5 months after
chemotherapy also with CODOX-M/IVAC and later died from treatment complications and sepsis.2? A
detailed summary of the treatment options for all PBL of a B cell origin is described in Figure 5.

Primary breast lymphoma of a T cell origin

Primary breast-ALCL (PB-ALCL) is the most common T cell-derived PBL.® Other T cell lymphomas
including peripheral T cell lymphoma and follicular T cell lymphoma3®? have been described in the
breast, but as they are exceptionally rare, only PB-ALCL will be discussed in this section.

Most cases of PB-ALCL arise in association with textured breast implants (Section 4); less than 50
cases of ALCL arising in the breast in the absence of implants have been reported. Like systemic/nodal
ALCL, PB-ALCL is characterised by the presence or absence of aberrant anaplastic lymphoma kinase
(ALK) expression and activity which gives rise to both ALK-positive (ALK+) and ALK-negative (ALK-)
ALCL entities. Of the ALCL cases arising in the absence of breast implants (PB-ALCL), both ALK+ and
ALK- presentations have been reported, including cases of the more indolent ALK- primary cutaneous
ALCL (pcALCL).
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Figure 5. Treatment options for primary breast lymphomas of a B cell origin. PB-DLBCL: primary breast-diffuse large B
cell lymphoma. PB-FL: primary breast-follicular lymphoma. PB-MZL: primary breast-marginal zone lymphoma. PB-BL: primary
breast-Burkitt lymphoma. Green boxes represent subtypes with a relatively good prognosis following treatment, and orange
boxes represent subtypes with a worse prognosis following treatment.

Table 3
Immunohistochemical markers described in association with PB-ALCL
PB-ALCL sub-type Immunohistochemical markers References
ALCL, ALK+ CD30, CD5, EMA, ALK, MUM1-IRF4, CD31, BCL6, CD4, 38 40 41 44
CD43, TIA-1, granzyme B, CD45RB, CD45R0, TCRAF1
ALCL, ALK- CD30, CD3, CD43, granzyme B, CD4, CD5, BCL2, MUM1 50 54
BIA-ALCL CD30, CD4, CD2, MUM1-IRF4, CD7, CD45, granzyme B, 25 67 68 71 77 93 94

EMA, CD5, CD43, CD56, TIA-1

In general, PB-ALCL, like systemic/nodal ALCL are characterised by the presence of large pleomor-
phic “hallmark” cells with irregular nuclear contours, enlarged and misshapen nuclei and prominent
Golgi bodies. Immunohistochemically, PB-ALCL almost invariably expresses CD30, as well as an un-
usual variety of cell markers (Table 3). Owing to the frequent cell surface expression of mature T cell
characteristic proteins, such as CD4, CD8 and CD45R0, and the presentation of ALCL outside of the
thymus, ALCL is thought to arise from mature peripheral T cells.?? Interestingly, although ALCL cases
mostly harbour T cell receptor (TCR) rearrangements at the molecular level, confirming their T cell
origin, not all ALCL express the CD3/TCR signalling complex on their surface.?*:3>

Primary Breast Anaplastic Large Cell Lymphoma, ALK-positive (PB-ALCL, ALK+)

Primary breast-ALCL (PB-ALCL), ALK+ is characterised by the presence of the t(2;5)(p23;q35)
translocation juxtaposing the tyrosine kinase encoding domain of ALK to the nucleolar protein gene
NPM1, resulting in the constitutive activation of ALK signalling®® and the upregulation of signalling
pathways associated with cell proliferation and survival.>3>” Systemic/nodal ALCL, ALK+ mostly af-
fects the paediatric population; this is also true for most cases of PB-ALCL, ALK+, although cases
arising in pregnant women have also been reported.?® Systemic/nodal ALCL, ALK+ primarily presents
within the lymph nodes,?? whilst PB-ALCL, ALK+ usually presents as an enlarging breast lump;*° both
often occur in combination with type-B symptoms and axillary lymph node and/or extra-nodal in-
volvement.3?:4!
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PB-ALCL, ALK+ has variable treatment outcomes. For example, one patient was successfully treated
with surgery and Cyclophosphamise, Hydroxydaunorubicin, Oncovin, Prednisone (CHOP) chemother-
apy,*? and another case demonstrated an “excellent response” with cyclophosphamide, doxorubicin
and prednisone (CHP) chemotherapy in combination with brentuximab vedotin (BV), even with
antrum and bone marrow involvement.*! BV is an antibody-drug conjugate consisting of a monoclonal
antibody targeting CD30 linked to the cytotoxic compound monomethyl auristatin E (MMAE).*?> How-
ever, there are cases where PB-ALCL, ALK+ has been fatal; this mainly includes cases in young ado-
lescents where systemic spread occurred, despite the intensive chemotherapeutic regimens used.*3-4>

Primary Breast Anaplastic Large Cell Lymphoma, ALK-negative (PB-ALCL, ALK-)

Systemic/nodal ALCL, ALK- comprises a heterogenous group of NHL which have a relatively poorly
defined genetic profile, and in contrast to ALCL, ALK+, generally affect an older population.*6-4’ Based
on the site of presentation, ALCL, ALK- can be classified into systemic/nodal, primary cutaneous and
breast implant-associated (BIA) subtypes. Systemic/nodal ALCL, ALK- can be further classified based on
the presence or absence of specific genetic abnormalities; for example, DUSP22 and TP63 rearrange-
ments were found to be present in 30% and 8% of systemic ALCL, ALK- cases, respectively, and may
serve as predictive biomarkers for treatment outcomes.*® Furthermore, JAK1 and/or STAT3 mutations
have been reported in other systemic/nodal ALCL, ALK- cases,*® and it is likely that further subclassi-
fications will be assigned as more genetic abnormalities are identified.*®

Systemic/nodal ALCL, ALK- involves the lymph nodes, bone marrow and/or extra-nodal organs and
has a relatively poor prognosis; thus, treatment often requires intensive chemotherapy regimens.*®
There have been limited cases of systemic ALCL, ALK- presenting primarily within the breast (PB-ALCL,
ALK-). Interestingly, cases of PB-ALCL, ALK- arising in a patient with a breast burn cicatrix,”® and in
a patient with a history of localised ALCL, ALK-*> were recently reported. These case reports suggest
that chronic inflammation may play a role in the development of these malignancies.”® Both cases
responded well to treatment with BV and cyclophosphamide, doxorubicin, etoposide and prednisone
(CHEP) chemotherapy®? or CHOP chemotherapy alone.*>

pcALCL is a more indolent form of ALCL, ALK- and most commonly presents as single or mul-
tiple localised skin nodules.*” Whilst most cases of pcALCL do not express ALK, a handful of ALK-
expressing pcALCL cases have been reported.’!> Early-stage pcALCL has a relatively good prognosis
with most cases treatable with surgery,*> and some cases have been reported in which the tumour
spontaneously regresses after biopsy.”> Primary breast-pcALCL (PB-pcALCL) has been reported rarely
in the literature; we found one case report of a 70-year-old woman who developed a single breast
lesion, accompanied by skin discolouration, who was treated successfully with surgery and was fol-
lowed up with active surveillance.”*

Breast implant-associated lymphoma

Lymphoma has been reported for breasts in which breast implants are present. Indeed, ALCL (BIA-
ALCL) is more common in this context, rather than when occurring in a breast without an implant
(PB-ALCL). In this section, the different types of BIA lymphoma are discussed, with a focus on BIA-
ALCL and its clinical presentations, treatment options, epidemiology and aetiology.

Breast Implant-Associated Anaplastic Large Cell Lymphoma

BIA-ALCL Clinical Presentation

BIA-ALCL is an ALK- ALCL that arises in the context of macrotextured breast implants. BIA-ALCL
has been reported both in patients who have undergone breast augmentation for cosmetic purposes
and reconstruction purposes after mastectomy.”® The median time to diagnosis is roughly 7-10 years
after initial breast implantation.”®:5” To date, no cases have been diagnosed in patients with an ex-
clusive history of smooth implants, although there have been cases associated with smooth implants
preceded by textured tissue expanders®® suggesting that BIA-ALCL pathogenesis could be related to a
component of the implant texturing process.
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Figure 6. Breast implant-associated anaplastic large cell lymphoma. (A) Gross appearance of an en bloc resection of a case
with effusion suspicious of BIA-ALCL. One of the initial steps is to aspirate any peri-implant effusion surrounding a breast
implant. The fluid (inset) is yellowish and opaque due to abundant cell debris and necrosis. (B) Positron emission tomography-
computed tomography (PET-CT) shows a distorted implant surrounded by an effusion that is contained by a fibrous capsule.

BIA-ALCL presents as a rapid and persistent unilateral or bilateral breast swelling, often along
with breast discomfort and rarely with type-B symptoms.”® In most cases, BIA-ALCL presents as a
yellowish effusion fluid that is found between the breast implant and periprosthetic fibrous capsule
(Figure 6A) and can be detected by imaging techniques such as ultrasound computed tomography or
positron emission tomography-computed tomography (PET-CT) (Figure 6B). The effusion fluid is yel-
low in colour and opaque due to extensive tumour cell necrosis. This can also be accompanied by
one or several solid masses penetrating the capsule (clinical stage I according to the TNM staging
system; as shown in Figure 7).° In some cases, the lymphoma cells infiltrate beyond the fibrous cap-
sule and invade the surrounding soft tissue (stage IIA; as shown in Figure 8A, B). In more aggressive
cases, the lymphoma cells infiltrate surrounding breast ducts (Figure 8C, D). Roughly, 15% of BIA-ALCL
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Figure 7. Breast implant-associated anaplastic large cell lymphoma clinical classifications according to the TNM staging
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A

wu SR cpgo

e
a2 §
LDl Bhedl

Figure 8. Breast implant-associated anaplastic large cell lymphoma invading beyond the peri-implant fibrous capsule. (A)
Neoplastic nodules are noted invading beyond the capsule into peri-implant fibrous tissue. (B) Lymphoma cells invading beyond
the capsule. (C) Lymphoma cells invading a breast duct. (D) CD30 immunohistochemistry highlights the large neoplastic cells
permeating along breast ducts.

cases show lymph node involvement;®° stage IIB describes the involvement of a single regional lymph
node; stage III describes the involvement of multiple regional lymph nodes; and stage IV describes the
disseminated spread of BIA-ALCL to multiple lymph nodes and organs® (Figure 7). Whilst being un-
common, metastases to the liver, small bowel and bone have been observed.”

Patients with stage I BIA-ALCL generally have an excellent prognosis with overall survival rates
reaching 100%. However, cases presenting with lymph node involvement (stage IIB-IV) are associated
with reduced overall survival and can be fatal in some circumstances.5! Fatalities have also occurred
without lymph node involvement, when the lymphoma cells infiltrated through the chest wall, pleural
space and mediastinum®2,

BIA-ALCL Treatment
Treatment options for BIA-ALCL depend on the stage of the disease at diagnosis (Figure 9). For
stage I disease, as the malignancy is localised to the capsule, treatment usually involves draining the
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Figure 9. Treatment options for primary breast lymphomas of T cell origin. ALCL, ALK+: anaplastic large cell lymphoma,
anaplastic lymphoma kinase positive. ALCL, ALK-: anaplastic large cell lymphoma, anaplastic lymphoma kinase negative. Green
boxes represent subtypes with a relatively good prognosis following treatment, and orange boxes represent subtypes with a
worse prognosis following treatment.

effusion fluid followed by full bilateral capsulectomy with implant removal.(en bloc resection)’® Pa-
tients who do not undergo implant removal are more likely to experience persistent disease or pro-
gression, even if chemotherapy is administered.%?:63 Furthermore, it is important to remove all of
the fibrous capsule as the remaining capsule, and scar tissue has been associated with disease recur-
rence.”®

For stage IIA-IV disease, systemic treatments are required including radiotherapy, chemotherapy
and the administration of immunotherapeutic agents such as BV. For patients with invasion beyond
the fibrous capsule (stage IIA), successful treatment outcomes have been achieved with full capsulec-
tomy in combination with radiotherapy®* or chemotherapy and radiotherapy®>-7. The successful use
of BV has been reported when a patient progressed through chemotherapy® and prior to capsulec-
tomy, in order to avoid more complicated and risky surgery involving the sub-pectoral muscles and
ribs.%8

For patients with lymph node involvement (stage IIB-IV), full tumour regression has been achieved
with full capsulectomy, lymph node dissection plus post-operative chemotherapy such as CHOP °° or
localised radiation therapy to the lymph nodes.5° Chemotherapy has also been given prior to capsulec-
tomy in an attempt to reduce the tumour load before surgery and negate the requirement for lymph
node dissection.”” One case report described the successful use of 6 cycles of BV immunotherapy to
treat BIA-ALCL which had invaded into the breast tissue and spread to the axillary lymph node.”! BV
may also be used in patients who have a history of breast cancer as repeated anthracycline-based
therapy is not recommended in these cases.’®

BIA-ALCL Risk and Epidemiology
Whilst the first case of BIA-ALCL was reported in 1997,7> BIA-ALCL was only recognised as a dis-
tinct disease entity by the WHO in 2016.>:74 As of May 2021, there were 994 BIA-ALCL cases and
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37 BIA-ALCL-related deaths reported worldwide,”” including cases seen for the first time in Thailand,
Japan and Taiwan.57-76.77 However, this is likely an underestimation and it is possible that many cases
have gone undiagnosed once the disease is disseminated and/or are not reported, perhaps more re-
cently due to the COVID-19 pandemic. In this vein, the total number of BIA-ALCL cases worldwide
is difficult to determine due to (i) a lack of information regarding the number of people with breast
implants in situ and (ii) a limited awareness of BIA-ALCL by surgeons and patients leading to large
discrepancies in the reporting of cases.”® This is likely exacerbated by the fact that BIA-ALCL has a
long latency of around 5 to 10 years and can present with a wide variety of symptoms. As such, the
absolute risk of developing BIA-ALCL is the subject of much debate. De Jong and co-workers were
the first to identify an increased risk of developing BIA-ALCL in the context of textured implants; in
2008, they reported the absolute risk to be 0.1 to 0.3 per 100,000 women with implants per year.”®
Since then, risk values ranging from 1 in 355 patients®” to 1 in 13,745 patients®! have been reported.
These discrepancies could be due to factors such as differences in patient follow-up time, the size
of the patient cohort selected for the retrospective study, patient susceptibility, the reason for breast
implantation, the texturing of the implant and case collection methodology. As such, well-designed
prospective studies are required to properly assess the absolute risk of BIA-ALCL.

BIA-ALCL Aetiology

The aetiology of BIA-ALCL is not very well understood. Multiple groups have suggested that a com-
ponent of the implant texturing process may cause chronic inflammation which eventually leads to
T cell hyperplasia and the eventual emergence of BIA-ALCL. This component has been suggested to
be (i) small silicone particulates which are shed from the implant surface,®? (ii) a bacterial biofilm
that manifests only on the surface of textured implants,®*:3* (iii) toxic chemicals that leach through
the implant shell®> and (iv) a chemical on the surface of textured implants which is recognised as
a foreign antigen, an adjuvant or acts as a carcinogen.®6 Others have also suggested a role for an
allergic response to the breast implant3? and mechanical friction between the textured implant and
the fibrous capsule® in disease pathogenesis. Furthermore, it is likely that genetic susceptibility may
play a role in BIA-ALCL development; germline BRCA1/2 mutations, mutations in the JAK3 pathway>>
and specific germline HLA variants3” have all been associated to some extent with BIA-ALCL. However,
many of the reported biological and genetic studies have been conducted with limited sample num-
bers and thus lack statistical power. We believe that better reporting and collection of patient samples
may enable deeper insights into the biological mechanisms surrounding BIA-ALCL pathogenesis to be
elucidated in the future.

Other Breast Implant-Associated Lymphomas

Whilst the majority of BIA malignancies are ALCL arising in the space between the breast implant
and fibrous capsule, other less common presentations have been noted. For example, there have been
cases of pcALCL arising on the skin overlying the breast in women with textured breast implants.58-89
However, a definitive causal relationship between pcALCL and breast implants has yet to be estab-
lished. There have also been reports of B cell lymphomas arising in the context of textured breast
implants, including cases of MZL, DLBCL and FL,°C as well as a case of bilateral chronic lymphocytic
leukaemia (CLL)/small lymphocytic lymphoma °' and multiple cases of EBV+ large B cell lymphoma.®?
The clinical presentation of these can vary compared to BIA-ALCL, whereby thick fibrous capsules
and more prominent layering of neoplastic cells were observed in the EBV+ large B cell lymphoma
cases.”? However, interestingly, the majority of the B cell-associated cases had strikingly similar clini-
cal presentations to BIA-ALCL, including primary presentation as solid masses attached to the fibrous
capsule. Furthermore, successful treatment outcomes were achieved with full capsulectomy and im-
plant removal, as well as R-CHOP and methotrexate treatment in some cases, thus suggesting that
pathogenesis in these cases may also be specific to the textured breast implant. However, due to the
limited number of B cell lymphomas arising in the context of breast implants, it is difficult to es-
tablish a causal relationship at present, and it remains to be elucidated whether the cause of breast
implant-associated lymphoma in these incidences is distinct from that of BIA-ALCL.
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Conclusions

Overall, primary lymphomas of the breast present with a variety of clinical manifestations with
varying histological and immunohistochemical features. Each subtype has a different prognosis and
thus requires a distinct treatment regimen. It is important to distinguish between the different PBL
histological presentations in order to promptly administer the correct therapy and maximise the
chances of treatment success.
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