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abstract

PURPOSE To provide guidelines for the accurate pathologic diagnosis of breast implant–associated anaplastic
large cell lymphoma (BIA-ALCL), the preoperative evaluation of the patient with suspected BIA-ALCL, and the
pathologic evaluation of the capsulectomy specimen.

METHODS To better inform patients and healthcare providers about BIA-ALCL, we convened to review diagnostic
procedures used in the evaluation of patients with suspected BIA-ALCL. We focused on the processing of the
seroma fluid/effusion surrounding the implant, the handling of capsulectomy specimens following removal of
implant(s), and the preoperative evaluation of the patient with suspected BIA-ALCL. Recommendations were
based on the published literature and our experience to optimize procedures to obtain an accurate diagnosis
and assess for tumor invasion and the extent of the disease.

RECOMMENDATIONS Early diagnosis of BIA-ALCL is important as the disease can progress and deaths have
been reported. Because the most common presentation of BIA-ALCL is swelling of the breast with fluid col-
lection, an accurate diagnosis requires cytologic evaluation of the effusion fluid surrounding the affected
implant. The first priority is cytocentrifugation and filtration of fresh, unfixed effusion fluid to produce air-dried
smears that are stained with Wright-Giemsa or other Romanowsky-type stains. Preparation of a cell block is
desirable to allow for hematoxylin and eosin staining and immunohistochemical analysis of formalin-fixed,
paraffin-embedded histologic sections. Cell block sections can be used for polymerase chain reaction–based
investigation of T-cell receptor gene rearrangement to detect clonality. Fixation and mapping of the capsu-
lectomy specimen to select multiple representative sections are advised to assess for microscopic tumor in-
volvement and capsular invasion. It is appropriate to assess lymph node involvement by excisional biopsy
material rather than fine needle aspiration, due to propensity for focal involvement.
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INTRODUCTION

Breast implant–associated anaplastic (BIA) large-cell
lymphoma (ALCL) is a rare form of ALCL, formally
recognized as a specific entity by WHO in 2016.1 BIA-
ALCL typically develops in the fluid and the capsule
adjacent to the breast implant, with the most common
clinical presentation being that of a seroma or swelling
around the breast implant.2 The first patient with BIA-
ALCL was reported in 1997,3 and additional patients
have been reported worldwide.4,5 In 2011, the US
Food and Drug Administration (FDA) reported a pos-
sible association between women with breast implants
and ALCL, based on its analysis of 34 published re-
ports of ALCL.6 This report was accompanied by
a safety communication on FDA’s Web site, which has
been regularly updated to provide physicians and
patients with additional information (https://www.fda.gov/
medical-devices/implants-and-prosthetics/breast-implants).
To gather additional information to better characterize

BIA-ALCL, the FDA collaborated with the American
Society of Plastic Surgeons and Plastic Surgery
Foundation to develop a registry of women with breast
implants and ALCL, named the Patient Registry and
Outcomes for Breast Implants and Anaplastic Large
Cell Lymphoma Etiology and Epidemiology (PROFILE)
Registry.2 Other countries also have compiled data
concerning incidence and risk for BIA-ALCL in implant
recipients.7-9 In March 2019, FDA held a public ad-
visory committee meeting on the safety of breast im-
plants, including BIA-ALCL. FDA encourages reporting
of all confirmed patients with BIA-ALCL to MedWatch,
the FDA’s global-safety Information and Adverse Event
Reporting Program, as well as to the PROFILE Reg-
istry, which collects information regarding patients
within the United States.

As of July 2019, FDA had received 573 unique BIA-
ALCL medical device reports (MDRs), in which patient
death was observed among 33 patients, representing
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a notable increased number of MDR reports of patients with
BIA-ALCL and BIA-ALCL–related MDR deaths reported to
FDA.10 When detailed information was available, the most
commonly reported clinical presentation was seroma, al-
though other symptoms may be present without seroma,
such as mass or hardening adjacent to the implant. A
preponderance of patients had textured-surface implants
at the time of diagnosis, which occurred amedian of 8 years
after initial implant placement. In particular, the risk of BIA-
ALCL was significantly higher with Allergan’s (Dublin, Ire-
land) BIOCELL textured breast implant than with other
textured breast implants. This resulted in Allergan’s vol-
untary recall of these products not only from the US market
but worldwide. Although the risk of BIA-ALCL appears to be
higher with textured-surface breast implants, the exact
etiology remains unknown.

Professional organizations and the National Comprehen-
sive Cancer Network have published information to help
physicians understand the disease and provide diagnosis
and treatment. Most reported patients with BIA-ALCL have
demonstrated a relatively indolent clinical course with
therapy when disease is limited to the effusion fluid and
invasion of the capsule has not occurred. However, there
have been reports of deaths due to the progression of the
disease.2,11,12 Therefore, prompt diagnosis and treatment
are important.

Based on the discussions from the March 2019 public
advisory committee meeting, patients and health care
providersmay not be adequately informed about BIA-ALCL,
including its presentation and diagnosis. As such, the FDA
invited one of the Advisory Committee members (E.S.J.) to
prepare a “best practices guideline” for the diagnosis of
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FIG 1. Cytologic features of breast implant–associated anaplastic large-cell lymphoma (BIA-ALCL). (A) The neoplastic cells are large and pleomorphic with irregular
nuclei, large prominent nucleoli, conspicuous mitotic activity, and moderate cytoplasm, which is basophilic and contains prominent vacuoles on air-dried
preparations stainedwith aRomanowsky-typemethod (Giemsa,31,000). (B) The vesicular chromatin and nucleolar prominence and shape are better appreciated
on the alcohol-fixed thin-layer preparation, which also contains some kidney-shaped hallmark cells (arrow; Papanicolaou,31,000). (C) Similar features are seen on
the cell block preparation (hematoxylin and eosin,31,000). (D) Flow cytometric analysis of a BIA-ALCL effusion; in a histogram plotting CD45 versus side scatter,
ALCL cells usually distribute in the lymphocyte (purple dots) andmonocyte (gray dots) regions, that in this particular patient, represent 82%of cells in the specimen.
(E) In a histogram plotting CD30 versus side scatter, CD30+ cells are distributed below the highlighted area (gray dots), whereas most lymphocytes are small and
negative for CD30 (purple dots). (F) Histogram shows the distribution of selected (gated) cells in the histogram at top. It shows that 89.1% of gated cells express
CD30, whereas 5.3% of cells are CD3+ lymphocytes but CD302. It can be concluded that the aberrant cells (gray dots) are CD45+, CD30+, and CD32, whereas
the normal small T lymphocytes (purple dots) are CD45+, CD302, and CD3+. PE-Cy7, phycoerythrin cyanine 7; SSC, side scatter; V500-A, Becton-Dickinson
Horizon V500 (San Jose, CA) for flow cytometry.
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BIA-ALCL, soliciting contributions from experts in the field
and incorporating a comprehensive review of the literature.
The objective of this article is to provide additional guidance
to health care providers, (pathologists, surgeons, radiolo-
gists, and oncologists) regarding the recognition and di-
agnosis of BIA-ALCL using a standardized pathologic protocol
for clinical evaluation of patients. This protocol includes
evaluation of the periprosthetic fluid when present and pro-
cessing of capsulectomy specimens. With increased educa-
tion for both the public and health care providers, the hope is
to identify and diagnoseBIA-ALCL early when intervention can
be curative.

CLINICAL EVALUATION OF THE PATIENT WITH BREAST
IMPLANTS AND SYMPTOMS (EFFUSION/SEROMA)

The most common clinical presentation of patients with
BIA-ALCL is the onset of periprosthetic fluid collection
surrounding an implant, typically occurring greater than
1 year after initial implantation. There have been case
reports of BIA-ALCL diagnoses as early as 4 and 10
months,2 although the median time to diagnosis was 8 to
10 years.13,14 This may manifest as breast swelling,
asymmetry, or a sensation of fullness, occasionally ac-
companied by pain. Effusions around implants have been
mistaken for implant rupture or capsular contracture,
which is a buildup of scar tissue around the implant. Pa-
tients present with symptoms amedian of 8 to 10 years after
initial implantation, and it is not uncommon for patients to
have had multiple devices over time, although there is
a higher risk with textured breast implants.7,15,16 When
information was available, indications for implant place-
ment were nearly evenly split between cosmetic aug-
mentation and reconstruction.17 Most patients with BIA-
ALCL have an effusion around the implant that is confined
by a fibrous capsule. The effusion is confirmed optimally
by ultrasound.18 Less commonly, patients presentwith a grossly
detectedmass that is assessed by imaging, such as ultrasound,
computerized tomography (CT), magnetic resonance imaging
(MRI) or positron emission tomography (PET) scan. Docu-
mentation of a mass should be followed by incisional, exci-
sional, or core biopsy.19

Because most patients present with effusion (seroma),
ultrasound-guided aspiration (fine-needle aspiration
[FNA]) of the effusion is essential to obtaining an accurate
diagnosis of BIA-ALCL. Percutaneous aspiration alone is
not therapeutic and is only considered to be a diagnos-
tic option. Note that a small incidental volume of peri-
prosthetic fluid may be normal and common around
breast implants. A larger volume of fluid yields a more
accurate diagnosis, but a minimum of 10 to 50 mL is
appropriate to provide enough material for preparation of
cytopathology smears, cell block with immunohistochem-
istry for CD30 and other lineage-associated markers,
and, when possible, flow cytometry and molecular genetic
studies.20 FNA evaluation after previous serial drainagesmay

artificially lower tumor burden, rendering diagnosis difficult;
a larger volume sample or concentration of the cellular
contents by centrifugation may be important in such
instances.

TABLE 1. Staining Panel for Evaluation of Cell Blocks and
Capsulectomy Specimens
Stain(s) Rationale

CD30 Strongly and uniformly positive, by
definition, in BIA-ALCL

ALK1 If negative, excludes systemic ALK-
positive ALCL

EMA Variably positive in BIA-ALCL

CD4, CD43a More commonly preserved among
pan-T-cell antigens

CD2, CD3, CD5, CD7a More commonly diminished or lost
among pan-T-cell antigens

TIA-1, granzyme B,
Perforina

Cytotoxic granule proteins frequently
positive in BIA-ALCL

CD68 or CD163 Positive in histiocytes; distinguish
histiocytes from lymphoma cells

Pan-keratin Excludes carcinoma, particularly in
patients with EMA-positive
disease or patients with a history
of breast cancer

CD20 Excludes DLBCL

PAX5 Excludes DLBCL and CHL

CD138 Excludes PBL and PEL

HHV-8 LANA Excludes PEL

EBER ISHb Excludes neoplasms with EBV
coinfection, including EBV-
positive DLBCL, fibrin-associated
large B-cell lymphoma, CHL, and
PBL

S-100 or Melan-A Excludes metastatic melanoma

CD31, CD34 or ERG Excludes angiosarcoma, particularly
in patients with prior radiation
therapy for breast cancer

NOTE. Given the large number of antibodies, a step-wise approach
incorporating multiple rounds of staining of a few antibodies at a time is
appropriate, particularly for paucicellular samples.
Abbreviations: ALCL, anaplastic large-cell lymphoma; ALK,

anaplastic lymphoma kinase; BIA-ALCL, breast implant–associated
ALCL; CHL, classic Hodgkin lymphoma; DLBCL, diffuse large B-cell
lymphoma; EBER, Epstein-Barr virus-encoded RNA; EBV, Epstein-
Barr virus; EMA, epithelial membrane antigen; ERG, avian v-ets
erythroblastosis virus E26 oncogene homolog; HHV-8, human
herpesvirus-8; ISH, in situ hybridization; LANA, latency-associated
nuclear antigen; PBL, plasmablastic lymphoma; PEL, primary effusion
lymphoma.

aCombination of at least 2 antibodies (1 antibody from each row) is
appropriate to document and further characterize the T-cell
immunophenotype, evaluating antigen loss or cytotoxic phenotype.

bOptimal compared with EBV-associated proteins by
immunohistochemistry, because EBV-positive neoplasms may show
varying patterns of expression depending on latency type.
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EVALUATION OF EFFUSION FLUID FOR DIAGNOSIS

Sample Preparation and Processing

Periprosthetic fluid aspirated from the effusion is typically
the initial sample submitted for pathologic evaluation. In
some instances, this fluid may contain more diagnos-
tic cellular material than capsulectomy specimens.21 The
simplest preparation method involves cytocentrifugation
and filtration of fresh, unfixed seroma fluid followed by air-
drying and staining with Giemsa, Wright-Giemsa, or other
Romanowsky-type stain within 48 hours. This technique
allows for enrichment of cells with minimal distortion and
good preservation of morphologic detail, and is well suited
for the evaluation of hematolymphoid cells (Fig 1A).22

Additional slides can be alcohol fixed and stained with
Papanicolaou, hematoxylin and eosin (H&E), or both. If
available, automated processing methods for liquid-based
cytology may be used to generate thin-layer Papanicolaou-
stained slides (Fig 1B).23 Additional air-dried cytocentrifuged
slides may be reserved for immunocytochemistry. However,

because many of the antibodies important for diagnosis of
BIA-ALCL and exclusion of other entities in the differential
diagnosis may not be validated on air-dried cytocentrifuged
slides, preparation of a cell block is desirable to allow for H&E
staining and immunohistochemical analysis of formalin-
fixed, paraffin-embedded cell block sections (Table 1;
Fig 1C).24 Two or more preparation methods (ie, one cyto-
logic staining method and cell block preparation) are ap-
propriate to improve diagnostic yield and to allow for special
stains.23,24 Leftover fresh fluidmay be used for ancillary testing
by flow cytometry or molecular genetic analysis.

Morphologic Features

Cytologic preparations demonstrate discohesive large
pleomorphic cells that are several times larger than a nor-
mal small lymphocyte. The atypical cells have irregular
nuclei with dispersed or vesicular chromatin, prominent
nucleoli, and moderately abundant cytoplasm, which may
also display small vacuoles.21,25 Cell size and nuclear shape
are best assessed on air-dried, Romanowsky-stained
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FIG 2. Benign seroma aspirate containing nonspecific peri-implant inflammatory reaction. (A) There is a predominance of histiocytes (macrophages) and
small lymphocytes. Some of the histiocytes show reactive features of curved, irregular nuclei, small nucleoli, and moderately abundant granular cytoplasm.
However, their cell size is less than half that of ALCL cells, and the chromatin features are more delicate, with smaller nucleoli (Papanicolaou,31,000). (B-E)
Flow cytometry was performed for T-cell markers and CD30. (B) On light scatter analysis, gating is performed on lymphocytes, highlighted in red, based on
their low forward scatter (FSC) and side scatter (SSC) properties. (C) CD30-positive cells, highlighted in blue (P1), are small based on light scatter properties
(B) and have a normal T-cell phenotype with preserved expression of CD2(C), CD3 (D) and CD5 (E), normal variable expression of CD7 (E), and predominant
staining for CD4 (D), consistent with a reactive T-cell population. APC, allophycocyanin; FITC, fluorescein isothiocyanate; PE, phycoerythrin; PE-0y7,
phycoerythrin-cyanine 7; PerCP, peridinin chlorophyll protein.
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preparations, while nuclear and chromatin detail is more
clearly visible on Papanicolaou- or H&E-stained slides. A
subpopulation of cells with horseshoe- or kidney-shaped
nuclei, so-called “hallmark cells,” seen in other forms of
ALCL is typically present.26 Atypical mitotic figures may be
seen. Because the main entity in the differential diagno-
sis is a peri-implant inflammatory reaction, recognition of
the composition of benign seroma aspirates is essential;
these typically contain small lymphocytes and histiocytes
(Fig 2A). The latter may be medium sized, with abundant
cytoplasmic microvacuoles, oval to irregular nuclei, and
small nucleoli; however, cell size is about half that of ALCL
cells or smaller.21

Differential Diagnosis

In series of unselected patients, approximately 90% of
primary breast lymphomas are B-cell lymphomas, most
often diffuse large B-cell lymphoma (DLBCL; 50.1%) and
marginal zone lymphoma (18.3%),7 whereas approxi-
mately 12% are T-cell lymphomas, with the most common
subtype being anaplastic lymphoma kinase (ALK)-negative
ALCL.7,27 However, among patients with breast implants,
ALK-negative ALCL is far more common. A novel lesion
occurring rarely in this setting is fibrin-associated large
B-cell lymphoma, an Epstein-Barr virus (EBV)–related le-
sion with somemorphologic similarities to DLBCL associated
with chronic inflammation but distinct clinicopathologic
features.28 Other histologic types associated with EBV in-
fection, including extranodal natural killer/T-cell lymphoma,
nasal type,29 and plasmablastic lymphoma,30 have been
reported.

Immunohistochemical Studies

A panel of immunohistochemical stains is important to
confirm the diagnosis of BIA-ALCL and exclude other
entities in the differential diagnosis.24 Like other forms of
ALK-negative ALCL, BIA-ALCL cells are strongly and uni-
formly positive for CD30 and negative for ALK, with frequent
expression of cytotoxic molecules, incomplete expression
of pan-T-cell antigens, and variable positivity for epithelial

membrane antigen.5,24,31 For a comprehensive consideration
of other entities (see Differential Diagnosis), stains for
B-cell–associated antigens (CD20, PAX5, and CD138), hu-
man herpesvirus-8, and in situ hybridization for EBV-encoded
RNA are advised.28 A pan-keratin stain is appropriate to
exclude poorly differentiated carcinoma, particularly in pa-
tients with a prior history of breast cancer.32 Other poorly
differentiated neoplasms to exclude include metastatic mela-
noma and angiosarcoma. If cytomorphology is not well
preserved, immunohistochemistry for CD68 or CD163 is
helpful in identifying reactive histiocytes and distinguishing
them from lymphoma cells.

Laboratories with flow cytometry capability and a clinically
validated CD30 antibody may opt to analyze its expression
on lymphocytes in conjunction with a screening panel for
T- and B-cell antigens.24 However, this analysis is regarded
as second line. If enough material remains for only 1 ad-
ditional evaluation method after preparation of cytology
slides, then it is appropriate to prioritize the creation of a cell
block over flow cytometry becausemany stains important in
excluding entities in the differential diagnosis of BIA-ALCL
are not routinely available by flow cytometry. In addition,
caution should be exerted in interpreting CD30 expression
on T cells, because this activation antigen may be expressed
by reactive T-cell subsets, requiring correlation with light
scatter properties and concurrent cytology (Fig 2B-2E).

Molecular Genetic Testing

The mainstay of molecular testing in the evaluation of
possible BIA-ALCL is polymerase chain reaction (PCR) for
T-cell receptor (TCR) gene rearrangements, particularly
using BIOMED-2 primers.33 Clonal TCR gene rearrange-
ments have been identified in nearly all BIA-ALCLs
reported.2,5 If sufficient cellular material can be obtained,
PCR studies are a valuable diagnostic tool. In addition to
establishing clonality, which supports the presence of
a neoplastic T-cell process, the specific sizes of the peaks
identified by capillary electrophoresis of the PCR products
can be used to compare the clone with other synchronous

A B
FIG 3. (A) The pathologist acknowl-
edges the specimen is intact and
contains landmark sutures denoting
lateral (long-stitch) and superior (short-
stitch) margins. After aspiration of
any fluid/effusion, open the speci-
men through a transverse incision of
the posterior aspect of the specimen.
(B) After the transverse incision,
a superior-to-inferior longitudinal in-
cision allows exposure of the luminal
side of the capsule, as well as as-
sessment of the integrity of the
implant.
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FIG 4. Pathologic staging that reflects
tumor progression from the luminal
surface to the outer boundaries of the
capsule. Pathologic stage T0 is not il-
lustrated because it indicates the
presence of tumor cells in the effusion,
but not detected in the capsule.
Pathologic stage T1 indicates (A) the
lymphoma cells lie on the luminal
side of the capsule, and CD30 high-
lights both viable and necrotic tumor
cells, many of which are (B) ghosts in
a background of granular material in-
dicating cellular remnants. The tumor
cells are insulated from the rest of the
capsule by a dense acellular collage-
nous layer. Therefore, CD30 is much
more extensive than the amount of
identifiable viable tumor cells (A, he-
matoxylin and eosin [H&E]; B, CD30
immunohistochemistry, 3200). Path-
ologic stage T2 indicates few in-
flammatory cells admixed with deeper
lymphoma cells (C, H&E; D, CD30
immunohistochemistry, 3200). Stage
T3 indicates that numerous in-
flammatory cells surround lymphoma
cells (E, H&E; F, CD30 immunohisto-
chemistry, 3100). Stage 4 indicates
that the tumor cells are beyond the
boundaries of the fibrous capsule (G,
H&E; H, CD30 immunohistochemistry,
340).
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or metachronous samples from the same patient. It is
essential to interpret the results of TCR PCR in the context
of other clinical and pathologic features and not as the sole
finding leading to a diagnosis of BIA-ALCL, because both
false-positive and false-negative results may be obtained.
Clonal or oligoclonal peaks can be seen in non-neoplastic
conditions, especially when the overall number of T cells
is low. False-negative results also may occur, particularly
if the overall number of neoplastic cells is low, and
abundant reactive T cells are present. PCR for immu-
noglobulin gene rearrangements may occasionally be
indicated in breast implant–associated specimens if the
differential diagnosis includes a B-cell neoplasm. Clonal
TCR gene rearrangements also have been detected in
BIA-ALCL using next-generation sequencing (NGS),34

although this is not currently required in the routine
clinical setting.

Activating mutations of STAT3 have been reported in up to
64% of BIA-ALCL; other mutated genes include JAK1,
JAK3,DNMT3A, and TP53.2,35-37 Germline TP53mutations
have been detected in some patients.34 NGS or other
mutational testing approaches might be indicated in the
setting of specific clinical research protocols but do not
currently have a documented role in the routine evaluation
of BIA-ALCL. Fluorescence in situ hybridization (FISH) for
recurrent chromosomal rearrangements likewise is not
routinely required. BIA-ALCLs reported to date have been
ALK negative,5,36 and FISH for ALK rearrangements is not
necessary if ALK immunohistochemistry can be adequately
interpreted. Rearrangements of DUSP22 and/or TP63 that
have been reported in subsets of ALK-negative ALCL and
primary cutaneous ALCL38 have been uniformly absent in
BIA-ALCLs reported to date.5,36,39 FISH testing might be
helpful if the primary site of the tumor is in question, but it is
not required in routine evaluation of patients with localized
disease.

PROCESSING OF CAPSULECTOMY SPECIMENS

BIA-ALCL in the effusion fluid is treated with implant re-
moval and complete capsulectomy.48 The College of American
Pathologists has not as yet issued guidelines for the processing
of such specimens. However, in their recent review of 50
patients with BIA-ALCL in which complete capsulectomy was
performed, Lyapichev et al40 analyzed the gross and micro-
scopic features to assess both the distribution of residual
disease and presence of invasion They distinguished patients
with grossly identifiable tumor from those in which no gross
lesion was evident in the capsulectomy specimen. No tumor
was found in 12% of the specimens, in which lymphoma cells
were only identified in the effusion. Based on these data, the
following approach is proposed for the examination of cap-
sulectomy specimens with known or suspected BIA-ALCL.

Preparation and Sectioning

Ideally, the specimen is an en bloc resection with the intact
capsule containing the implant, surrounding effusion, and
any associated masses (Appendix Fig A1, online only). The
surgeon provides orientation of the specimen. A needle is
inserted to aspirate any remaining effusion, saving it for
cytologic examination. The specimen is opened trans-
versely on the posterior aspect of the capsule (Fig 3A) and
then opened longitudinally through the superior and inferior
aspects of the capsule, until the capsule lies open and flat
(Fig 3B). The implant, which is usually loosely attached to
the capsule, is removed carefully, and any floating material
or material attached to the implant or capsule is submitted
for histologic evaluation. The capsule is pinned flat on
a paraffin board and submerged overnight in buffered
formalin (Appendix Fig A2, online only).

Histologic Evaluation of Capsulectomy

After overnight fixation, the external surface of the capsule
is inked using 6 different colors for each of the sides or
aspects of the specimen, representing essentially 6 sides of

Symptoms Breast Imaging Finding Procedure Path Workup

Effusion, mass, skin
rash, ulcer

> 1 year after implant
(average 8-10 years)

Ultrasound or MRI*

CT, FDG-PET

Effusion

Mass

Inconclusive

FNA of fluid
10-50 mL

Biopsy of mass

Further imaging
follow-up

 Cytospins for cytology
 Cell block for IHC, PCR,
 EBER (EBV)
 Flow cytometry

NA

 Histology, IHC, PCR,
 EBER (EBV)

FIG 5. Flowchart for the diagnosis of breast implant–associated anaplastic large-cell lymphoma (BIA-ALCL). Color coding
indicates the preferred diagnostic approach based on the results of imaging studies, disclosing effusion,mass, or inconclusive
findings. CT, computed tomography; FDG-PET, [18F]fluorodeoxyglucose–positron emission tomography; EBER, in situ hy-
bridization for EBV; EBV, Epstein-Barr virus; FNA, fine-needle aspiration; IHC, immunohistochemistry; MRI, magnetic
resonance imaging; NA, not applicable; PCR, polymerase chain reaction for T-cell receptor gene rearrangement, or im-
munoglobulin rearrangement, as indicated. (*) Preferred initial imaging approach. Figure modified from the 2018 National
Comprehensive Cancer Network Clinical Practice Guidelines in Oncology.19
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a cube (Appendix Fig A2). We propose submitting 2 sec-
tions “on edge” of each of the 6 aspects, for a total of 12
sections, a figure based on a mathematic model that
calculated the number of sections required to reliably
detect tumor in a specimen with no gross lesions.40

In addition to routine H&E-stained sections, CD30 immu-
nohistochemistry is important to detect microscopic evi-
dence of involvement by BIA-ALCL. Occasional or rare
small lymphocytes or plasma cells in the stroma may react
with CD30, but they lack the characteristic cytologic fea-
tures of ALCL. A common finding is the presence of abundant
necrosis, ghost lymphoma cells, and karyorrhexis with a mi-
nor component of viable tumor cells (Fig 4). The necrotic
material may retain immunoreactivity for CD30, aiding in
diagnosis.

STAGING AND PREOPERATIVE EVALUATION

The presumed natural history of BIA-ALCL based on
published reports influences the approach to diagnosis,
staging, and therapeutic management (Fig 5). The earliest
evidence of disease consists of ALCL cells floating in the
effusion. At this stage, the capsule may not disclose evi-
dence of involvement, either on the capsular surface or with
invasion of the luminal surface.17,41 Accumulation of tumor
cells on the luminal side of the capsule is followed by
capsular invasion and, ultimately, invasion into the breast or
surrounding soft tissue.31 These latter pathologic stages
may be palpated by the patient or detected through im-
aging studies. In addition, axillary lymph node involvement
may occur.

A previously proposed TNM staging system evaluated the
extent of tumor from T1 to T4.17,40 The rationale was based
on a series of 60 patients, in which patients with a mass had
decreased overall survival compared with patients without
a mass.5,42 T1 indicates tumor cells confined to the effusion
or the luminal side of the capsule. T2 indicates early

capsular invasion, whereas T3 indicates tumor cell ag-
gregates or sheets within the capsule. T4 indicates tumor
beyond the capsule, with or without lymph node in-
volvement. The clinical significance of minimal invasion
remains to be determined.17

Nodal involvement is often primarily sinusoidal, limiting
assessment by FNA. As such, excision of clinically suspi-
cious lymph nodes is advised at the time of surgery. Core
biopsies offer another alternative, but if negative, cannot
reliably exclude involvement by ALCL. Lymph node en-
largement also can occur in the absence of involvement by
lymphoma; in those patients, reactive lymphoid and his-
tiocytic hyperplasia may be seen as a reaction to silicone
or polyurethane, sometimes in association with implant
rupture.43,44

Ultrasound is the preferred initial imaging modality and can
be used to identify associated periprosthetic masses
(sensitivity, 46%; specificity, 100%) and enlarged regional
lymph nodes.18 MRI can be used if ultrasound is in-
determinate. It is appropriate for capsular masses to un-
dergo core needle biopsy to establish a tissue diagnosis. In
patients with a confirmed diagnosis of BIA-ALCL, PET-CT
may be useful to establish the extent of disease and identify
pathologic lymph nodes for biopsy.19

FUTURE AREAS OF INVESTIGATION

There is still an incomplete understanding of the natural
history of the disease, particularly related to precursor le-
sions, which have not been fully defined. The advanced
end of the disease spectrum, when lymphoma extends to
regional lymph nodes, chest wall, or distant sites, will also
benefit from better definition.45 The relationship of
BIA-ALCL to other forms of ALK-negative ALCL is not fully
resolved, and instances of disease have been reported
in patients with other types of surgical implants that
might provoke a chronic inflammatory response.46
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APPENDIX

A B

FIG A1. (A) En bloc resection of the intact capsule containing the implant, with or without effusion or tumormass, to
assess margins and the extent of disease. (B) En bloc resected specimen handled for pathologic examination. It is
essential to orient the specimen; in this photo, the lateral margin is markedwith a long stitch and the superior margin
with a short stich.

A B

FIG A2. (A) Once the capsule lies flat, the capsule is pinned flat on a paraffin board and submerged in neutral
formalin overnight. (B) After overnight fixation, the specimen is oriented, and the outer surface of the capsule is
inked with 6 different colors denoting 6 different aspects of the specimen. For each aspect/side, different colors are
used. Illustrated are anterior (yellow), superior (blue), inferior (green), medial (red), lateral (orange), and posterior
(black). The color pattern allowsmapping any lesion that is not grossly identifiable and is discovered onmicroscopic
examination. The ink also serves to indicate the distance between the deepest site of involvement and the margin.
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