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Abstract: Breast implant associated anaplastic large cell ymphoma (BIA-ALCL) is a recently recognized clinical en-
tity, with only 39 well-documented cases reported worldwide, including 3 fatalities. Because of its rarity, the clinical
and pathologic features of this malignancy have yet to be fully defined. Moreover, the pathogenesis of ALCL in asso-
ciation with textured silicone gel breast implants is poorly understood. Here we report a case of BIA-ALCL arising in a
67-year-old woman with a mastectomy due to breast cancer followed by implantation of textured silicone gel breast
prosthesis. The patient presented with breast enlargement and tenderness 8 years following reconstructive surgery.
MRI revealed a fluid collection surrounding the affected breast implant. Pathologic examination confirmed the pres-
ence of malignant ALCL T cells that were CD30+, CD8+, CD15+, HLA-DR+, CD25+ ALK- and p53. A diagnosis of in-
dolent BIA-ALCL was made since tumor cells were not found outside of the capsule. Interestingly, an extensive mixed
lymphocytic infiltrate and ectopic lymphoid tissue (lymphoid neogenesis) adjacent to the fibrous implant capsule
were present. The patient was treated with capsulectomy and implantation of new breast prostheses. Six months
later, the patient was found to have BIA-ALCL involvement of an axillary lymph node with cytogenetic evolutionof the
tumor. To our knowledge, this is the sixth reported case of aggressive BIA-ALCL. Unique features of this case include
the association with lymphoid neogenesis and the in vivo cytogenetic progression of the tumor. This case provides
insight into the potential role of chronic inflammation and genetic instability in the pathogenesis of BIA-ALCL.
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Introduction these neoplasms have developed in associa-
tion with textured silicone breast implants [4,

It has long been speculated that breast 9-24]. However, the pathological and clinical

implants may increase the risk of developing
systemic connective tissue disease and malig-
nancy [1-3]. However, until recently, epidemio-
logical evidence was lacking. In 2011, the US
Food and Drug Administration published a
report [4] supporting an association between
textured silicone or saline breast implants and
the development of anaplastic lymphoma
kinase (ALK) negative anaplastic large T cell
lymphoma (ALCL), a rare form of Non-Hodgkin’s
lymphoma [5]. This is a new clinical entity, with
39 well-documented cases reported worldwide
[6], including 3 fatalities [6-9]. Nearly all of

features of breast implant-associated (BIA)-
ALCL remain to be fully defined. It is critical to
document all cases of BIA-ALCL in order to fur-
ther define its epidemiology, pathologic fea-
tures, clinical behavior, classification, progno-
sis, and pathogenesis.

Most BIA-ALCL occur in association with cos-
metic breast implants [25-27], supporting a
causal role for the breast implant itself.
Whereas the vast majority of primary breast
lymphomas (95%) are of B-cell origin [28], BIA-
ALCL are predominantly T-cell neoplasms [3],
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with only 3 cases of B-cell lymphomas
described in association with breast implants
[7]. ALCL, a rare form of T-cell non-Hodgkin’s
lymphoma (NHL), is classified as systemic, sec-
ondary, or primary cutaneous [28]. Systemic
ALCL often follow an aggressive clinical course
and is usually driven by ALK expression. BIA-
ALCL has been suggested to more closely
resemble primary cutaneous ALCL [6], which is
frequently ALK-negative and follows an indolent
course. However, BIA-ALCL has many unique
clinical and pathological features, suggesting
that it is a separate disease entity.

The recognition of BIA-ALCL as a new clinical
entity raises many questions. What are the
defining clinical, pathological, and molecular
features of this malignancy? Why and how do
textured breast implants trigger malignant
transformation in some patients but not in oth-
ers? What are the pathogenic mechanisms?
What distinguishes indolent tumors from
aggressive ones? The answers to these ques-
tions will require close study of additional
patients. Here, we report a unique case of BIA-
ALCL in a 68 year-old woman that initially pre-
sented as an indolent clonal tumor restricted to
the seroma and capsule surrounding the
implant that then, over 6 months, evolved into
a more aggressive tumor involving local lymph
nodes and displaying additional chromosomal
abnormalities arising through in vivo clonal evo-
lution. We discuss features of this tumor and
associated ectopic lymphoid tissue surround-
ing the capsule of the implant that may be rel-
evant to the pathogenesis and evolution of BIA-
ALCL tumors.

Case history

A 67-year old white woman with ductal carcino-
ma in situ of the right breast underwent simple
mastectomy in 2001. This was followed by
reconstruction with tissue expander (Style 133
LV 400 ml Allergan tissue expander), which was
later replaced with a style 153 m 540 ml tex-
tured double-lumen silicone gel implant. In
2004 she was diagnosed with comedo carci-
noma in situ in the left breast, for which she
underwent simple left mastectomy followed
with the same style tissue expander for recon-
struction and a style 153, 360 mL Allergan
double-lumen silicone-gel textured implant
(LOT-3344454-MCGHAN-360CC). At that time,
her right breast implant was replaced with the
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same type of double-lumen silicone-gel tex-
tured implant (LOT-273111-MCGHAN-360CC).
Her course was unremarkable until 2012, when
she presented with a 4-5 month history of
enlargement and tenderness of the right
breast. She had fallen recently and it was ini-
tially thought that she might have injured her
breast. On exam, the right breast was 2-3 times
the size of the left, tense and very tender. Her
left breast was unremarkable. The differential
diagnosis included hematoma, seroma, and
ALCL. A bilateral breast MRI with and without
contrast revealed a large fluid collection sur-
rounding the right breast implant (Figure 1) and
a radial fold within the implant. In the posterior
aspect of the inner shell of the right breast
implant there was a silicone signal extending
into the outer shell, consistent with intracapsu-
lar gel bleed or, possibly, intracapsular rupture
into the outer capsule. The right breast con-
tained a large collection of straw-colored fluid
that was sent for cytology, histology, flow cytom-
etry, and culture. A portion of the thick fibrous
capsule was sent for histology. Cultures were
negative, but pathology of both the protein-
aceous material in the fluid and the fibrous cap-
sule revealed involvement by ALCL (see results).
The patient did not receive chemotherapy or
radiation therapy after undergoing bilateral
capsulectomy and implant replacement.

A follow up PET scan revealed a small focus of
mildly increased radiotracer activity corre-
sponding to a minimally prominent precarinal
lymph node. This was felt most likely to repre-
sent reactive lymphadenopathy, though meta-
static disease could not be excluded. Six
months later, a repeat PET scan showed radio-
tracer activity in the internal mammary chain,
precarinal, and right axillary lymph nodes.
Based on these changes, a partial right axillary
lymph node dissection was performed and one
of three lymph nodes examined was found to
contain tumor cells.

Materials and methods
Cytology and pathology

A portion of the fibrous capsule surrounding the
breast implant and subsequent lymph node
biopsy were sent for pathological examination.
For histopathology, the capsule and surround-
ing breast tissue and lymph nodes were embed-
ded in paraffin and sections were stained with
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Figure 1. Breast MRI. Bilateral breast MRI (A) reveals a fluid collection
surrounding the right breast implant as well as a radial fold within the
right breast implant (arrow). There is a silicone signal extending from
the posterior aspect of the inner shell to the outer aspect of the implant
(B and C), suggesting an intracapsular gel bleed or possibly intracap-
sular rupture.

hematoxylin and eosin (H&E). Fluid from the
implant capsule was sent for cytological exami-
nation and flow cytometry. Cytospin slides were
stained with Wright-Giemsa and cell blocks
were prepared by standard protocols for H&E
sections and immunostaining.

Immunohistochemtry (IHC) and double-IHC

Four uM paraffin sections were placed on plus
slides and dried for 2 hours at 60°C. The slides
were subjected to dewaxing and antigen retriev-
al with Ventana’s CC1 retrieval solution for 30
min at 95-100°C on a Ventana Benchmark
automated stainer. Dako prediluted primary
antibodies (CD30, CD15, CD3, CD20, CD4,
CD8, ALK-1, p53, and Ki67) were applied to
sections at 37°C for 32 minutes. Antigen was
visualized by using the Ultra View DAB kit
(Ventana Medical Systems Inc. Tucson AZ).
Slides were counterstained with Ventana hema-
toxylin and then dehydrated, cleared, and
mounted. For double IHC, following de-paraf-
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finization and antigen epitope
retrieval, two different primary anti-
bodies were applied sequentially to
the tissue. The first target antigen
was visualized by the Ultra View
DAB detection kit (dark-brown
color). The antibodies were
removed by heating, whereas the
brown stain remained. The slides
then were incubated with the sec-
ond primary antibody and target
antigen was visualized by the Ultra
View Alkaline Phosphatase Red
detection kit to highlight the sec-
ond antigen in red color.

Flow cytometry

Single cell suspensions were sta-
ined with fluorescently-conjugated
antibodies (CD30, HLA-DR, CD45,
CD25, CD3, CD4, CD5, CD8, CD5,
CD20 and CD19). All antibodies
and isotype controls were pur-
chased from BD Biosciences (San
Jose, CA). Samples were analyzed
on a FACS Calibur flow cytometer
(BD Biosciences) and data (10,000
events per sample) were analyzed
using FCS express 4 plus soft-
ware.

Analysis of TCR y-chain gene rear-
rangements

TCR y-chain rearrangement was analyzed by
polymerase chain reaction (PCR) according to
published procedures [29] using extracted DNA
from cells isolated from the peri-implant fluid.
Multiplex PCR was performed using nested
primers encompassing the V and J regions.
PCR products were separated on a 2.75%
Metaphor agarose gel and imaged by
Alphalmager HP system (Cell Bioscience, INC,
Santa Clara, California).

Conventional cytogenetic studies

Cells isolated from the peri-implant fluid and
lymph nodes were cultured for 24 or 48 hours
in RPMI-1640 medium containing 20% fetal
bovine serum prior to harvesting mitotic cells
following standard cytogenetic techniques.
Chromosome spreads were G-banded by the
standard Trypsin-Giemsa banding (GTG) tech-
nique. Twenty metaphase cells were analyzed
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Figure 2. Diagnosis of characterization of BIA-ALCL. A. H&E section of the right breast capsule reveals tumor cells
infiltrating along the edge of the capsule (arrows). Double IHC with CD30/Ki67 highlights tumor cells uniformly
positive for CD30 and Ki67 (greater than 90%). B. H&E section of the cell block (left), CD30/Ki-67 IHC (middle)
and Giemsa-Wright stained cytospin (right panel) of tumor cells show abundant and vacuolated cytoplasm typical
cytologic features of ALCL cells. A large, pleiomorphic tumor cell with horseshoe-shaped nuclei (insert) is shown at
higher magpnification. C. Flow cytometric analysis of tumor cells confirms strong staining for CD30, CD45, HLA-DR
and CD25. D. PCR analysis confirms clonal T-Cell Receptor (TCR) y gene rearrangement in tumor cells, as indicated
by the distinct bands (in contrast to the negative control demonstrating a smear).

by bright-field oil immersion microscopy using
computer-assisted imaging and karyotyping
software.

Results

This patient presented with a 4-5 month history
of enlargement and tenderness of the right
breast 8 years following breast reconstruction
with a textured silicone implant. Pathological
examination of the serous fluid surrounding the
implant and the fibrous capsule confirmed a
diagnosis of BIA-ALCL. The patient was treated
with capsulectomy and replacement of the
implants without chemotherapy. A PET scan 6
months later revealed possible lymph node
involvement by BIA-ALCL, which was confirmed
with node biopsy.

Pathologic findings at time of diagnosis

H&E sections revealed dense fibrosis and large
atypical cells closely adjacent to the surface of
the right implant capsule (Figure 2A). CD30
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and Ki67 IHC revealed that the atypical large
cells were positive for CD30 and Ki-67 (>90%),
indicating a high proliferative index. The tumor
cells were also positive for CD15, CD8, perforin
and negative for ALK1 (data not shown), an
immunophenotype consistent with  ALK-
negative ALCL. Figure 2B revealed that ALCL
cells from the seroma fluid were large and
pleiomorphic (insert), often with horseshoe-
shaped nuclei and vacuolated abundant cyto-
plasm, a cytologic feature of highly proliferative
cells (CD30+/Ki-67+) and extensive tumor cell
necrosis.

Flow cytometry of the tumor cells confirmed
strong staining for CD45, CD30, HLA-DR, CD25,
and negative staining for CD3. PCR performed
on DNA extracted from the tumor cells in the
serous fluid demonstrated a clonally rear-
ranged TCR y-chain (Figure 2C) with no evi-
dence of clonal B-cell immunoglobulin heavy
(IgH) chain gene rearrangement (data not
shown), confirming the tumor cells’ T-cell origin
and clonal derivation.
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Figure 3. Inflamma-
tory cells and ectopic
lymphoid tissue within
capsule. A. H&E stain-
ing of sections of the
breast-implant capsule
shows a robust infiltrate
of lymphocytes, mono-
cytes, plasma cells (1-4),
giant cells (5) and foamy
macrophages (6) engulf-
ing amorphous mate-
rial, which is likely to be
silicone. B. Immunohis-
tochemical staining of
sections of the breast-im-
plant capsule with CD3
and CD20 demonstrates
that the lymphocytic in-
filtrate is composed of
both B-cells (red) and T-
cells (brown). Distinct T-
cell and B-cell zones can
be seen (8-10), reminis-
cent of ectopic lymphoid
tissue. The T-cells appear
to exhibit more infiltra-
tive behavior, extending
deeper into the capsule
(9). B- and T-cells can
be seen aggregating ad-
jacent to blood vessels
(11-12).
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Figure 4. PET scan and biopsied lymph node (six month later). A. A follow-up PET scan 6-months after diagnosis
showed hyperintense signals in mediastinal, para-aortic, and axillary lymph nodes. B. Lymph node biopsy confirmed
involvement by ALCL. Low magnification shows tumor cells invading in a sinusoidal cohesive pattern. Higher mag-
nification shows the severe nuclear atypia, pleiomorphism of tumor cells, as well as marked increased eosinophils.
C. Immunohistochemical staining of lymph node confirmed BIA-ALCL with expression of CD30, CD15, CD8 and
high proliferative index for Ki67. D. Immunohistochemical staining of lymph node with p53 antibodies revealed no
expression of p53 at diagnosis (middle) or relapse or metastasis (right panel).
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Figure 5. Karyotypic analysis shows tumor cell clonal evolution.
A. Karyotypic analysis of tumor cells at diagnosis shows a high-
ly complex karyotype, with numerous chromosomal abnormali-
ties. The multiple clonal cytogenetic abnormalities are listed
in Table 1. B. Karyotypic analysis of tumor cells at the time
of relapse shows a much more complex karyotype than the
primary tumor cells. Arrows marked the shared chromosomal
abnormalities as germlines. The multiple clonal cytogenetic
abnormalities are listed in Table 1 for comparison.

Ectopic lymphoid tissue formation (lymphoid
neogenesis)

The capsule surrounding the patient’s textured
silicone breast implant exhibited a robust mixed
inflammatory infiltrate surrounding the T cell
tumor. H&E staining showed abundant lympho-
cytes, monocytes, and plasma cells, along with
scattered giant cells and foamy macrophages
engulfing amorphous material, likely silicone
gel (Figure 3A). Co-immunohistochemical stain-
ing with CD3 and CD20 antibodies revealed
that the lymphocytic infiltrate was comprised of
both B- and T-cells (Figure 3B). In some fields,
these were organized into distinct T-cell and
B-cell zones, consistent with the formation of
ectopic lymphoid tissue. Interestingly, the
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T-cells appeared to follow a more infiltra-
tive pattern, reaching deeper into the
breast implant capsule, suggesting that
these may be the cells the directly interact
with the foreign implant material possibly
priming them for malignant transfor-
mation.

Radiologic and pathologic findings at
relapse

Follow-up PET imaging revealed hyperin-
tense foci in three lymph nodes, one medi-
astinal, one para-aortic, and one axillary
(Figure 4A), suspicious for possible lymph
node involvement by ALCL. Random biopsy
of the nodes revealed partial involvement
by ALCL. The tumor cells infiltrated the lym-
phoid tissue in a sinusoidal cohesive pat-
tern and were highly pleomorphic, with
greater nuclear atypia than was observed
in the primary tumor (Figure 4B). Many
multinucleated giant cells with abundant
cytoplasm and prominent nucleoli along
with frequent mitotic figures were present
in a background of small lymphocytes and
numerous eosinophils, consistent with
aggressive tumor behavior.

As expected, IHC staining for CD30 and
Ki67 revealed intense and diffuse positivi-
ty (Figure 4C). Interestingly, the CD15+
tumor cell population was increased in the
relapsed tumor, suggesting that CD15 may
mark a more aggressive subclone arising
from the original ALCL. CD4 and CDS8 co-
staining showed cohesive CD8+ tumor cell
clusters embracing lymphoid follicles and
surrounding blood vessels in a background
of CD4+ reactive T cells. In addition to confirm-
ing the tumor cell phenotype, the immunostain-
ing also highlighted sinusoidal and paravesicu-
lar tumor cell infiltration, consistent with the
pathological features of ALCL. IHC staining with
anti-p53 antibodies showed the absence of
p53 protein expression in tumor cells at diag-
nosis and rare expression in metastastic tumor
cells (Figure 5C), suggesting that some defects
in p53 pathway might contribute to tumorigen-
esis and genetic instability.

Karyotypic analysis

Karyotypic analysis of tumor cells at initial diag-
nosis demonstrated multiple chromosomal
abnormalities (Figure 5A, Table 1). An abnor-
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mal near-diploid cell population bearing a high-
ly complex karyotype with multiple numerical
and structural clonal cytogenetic aberrations
and a near-tetraploid version of this abnormal
population were identified in metaphase cells
examined from a stimulated culture of cells
harvested from the fluid sample. It is worth not-
ing that the absence of a normal copy of chro-
mosome 17 in this karyotype may reflect a loss
of heterozygosity of the TP53 (tumor suppres-
sor) gene locus, which generally is considered
to represent an unfavorable indicator of an
advancing or evolving tumor cell population.
Interphase FISH analysis revealed no evidence
of ALK gene rearrangement except for an ALK
copy humber change due to ploidy change.

At the time of relapse, tumor cells were again
subjected to karyotypic analysis, which demon-
strated even more complex numerical and
structural chromosomal abnormalities (Figure
5B, Table 1). Comparison between the original
and relapsed clonal tumor cell signatures of the
shared chromosomal abnormalities and ploidy
changes, strongly suggests that the relapsed
tumor clones are derived from the original
tumor clones, as evidenced by the shared
stemline structural cytogenetic aberrancies
highlighted in bold (Table 1) and by arrows in
Figure 5. The observation that the relapsed
tumor cells possess multiple new cytogenetic
abnormalities suggests that in vivo tumor cell
genetic evolution and selection due to marked
intrinsic genetic instability may contribute to
tumor progression and acquisition of an aggres-
sive phenotype in BIA-ALCL.

Discussion

BIA-ALCL is a newly defined clinical entity that
may present as early as 1 year after breast aug-
mentation/reconstruction or as late as 32
years afterward (mean 10.5 years) [6]. As illus-
trated by the present case, the tumor presents
as a recurrent or unremitting seroma and/or
tumor mass attached to a scar capsule con-
taining malignant T-cells [30]. Although BIA-
ALCL has been suggested to follow an indolent
clinical course, aggressive and fatal cases have
been reported. The actual incidence of aggres-
sive BIA-ALCL cannot yet be accurately deter-
mined as long-term follow-up is lacking. The
case we report here is unique in that it was first
recognized as an indolent tumor, which then
underwent transformation to an aggressive
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ALCL with evidence of in vivo cytogenetic evolu-
tion six months post-capsulectomy without
chemotherapy. Consistent with previous
reports [4, 9-24], the tumor cells were highly
proliferative, formed cohesive sheets of pleo-
morphic, epithelioid-like cells infiltrating tis-
sues and lymph nodes, strongly expressed
CD30, demonstrated clonally rearranged TCR
genes, were ALK-, and exhibited complex cyto-
genetic abnormalities. The complexity of these
cytogenetic abnormalities and their evolution
with tumor progression suggests that genetic
instability may be central to BIA-ALCL patho-
genesis, perhaps in a susceptible patient
population.

Indolent versus aggressive ALCL

BIA-ALCL is generally an indolent disease local-
ized to the breast implant and effectively treat-
ed with capsulectomy alone without chemo-
therapy. However, the limited long-term
follow-up in many previous reports makes it dif-
ficult to accurately assess the frequency of dis-
ease relapse and/or progression. A small sub-
set of cases has been reported to be aggressive
(Table 2), demonstrating extra-capsular
involvement and requiring extensive therapy (7,
8, 16, 25, 30] with three well-documented fatal
cases [6-8]. The patient reported here repre-
sents another aggressive case of BIA-ALCL,
presenting with lymph node involvement six
months after capsulectomy. She received the
chemotherapy regimen (CHOP + Etoposide)
after the lymph nodes were found to be positive
(for 4 cycles) and a repeat PET scan is negative.
This suggests that BIA-ALCL should not be
assumed to be indolent, and that a thorough
workup at diagnosis may be indicated along
with long-term routine follow up.

The aggressive clinical course of some BIA-
ALCLs may be due to intrinsic behavior of the
initial tumor clone or may represent an
advanced stage of disease at diagnosis with
already established micrometastases. If intrin-
sic aggressive behavior is responsible, it is pos-
sible that two different forms of BIA-ALCL coex-
ist, one indolent and the other aggressive. The
aggressive form may arise by different mecha-
nisms. Although the sample size to-date is very
small, the aggressive tumors reported previ-
ously, like the one here, have arisen in patients
with breast implants secondary to reconstruc-
tive surgery following breast cancer, suggesting
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Table 1. Tumor cells in vivo cytogenetic evolution

Cell Source Timeline Clonal Cytogenetic Abnormalities Interpretation

Tumor cells from Original Tumor clones 45, XX [cp19] An abnormal near-diploidy cell population (19/21) bearing

seroma fluid 4/18/12 dup(X)(q11928), +1, del(1)(q32), i(1)(q10), add(3)(p11), der(3) a highly complex karyotype and a near-tetraploidy version
t(2;3)(p12;p26), +6, der(6)t(6;8)(q12;q21.3)x2, add(8)(q11.2), (2/21) were detected in metaphase cells by conventional
add(11)(q23), add(14)(p11.1), -15, -17, -20 G-banding techniques. The 97.7% of this abnormal popula-
80~91, idem [cp2] tion showed negative ALK rearrangement with an ALK copy

number change by interphase FISH techniques.

Cells from lymph Secondary Tumor Clones 34, XX [1] Two related (variant) abnormal cell populations bear-

node 10/19/12 +1, del(1)(q32)x2, +2, -3, der(3)t(2;3)(p12;p26), +6, der(6)t(6;8) ing highly complex karyotypes were detected in 4/20
(912;921.3)x2, add(9)(p22), -10, -12,-12, -13, -14, -15, add(15) metaphase cells. Of the four, one is a hyperhaploidy with
(p11.2),-16, add(16)(q11.2), -17, -18, -20, -20, -21, -21, -22 [1] chromosome count of 34, while the remaining three
78-79, XX [cp3]* contained a hypertriploidy with chromosome count of 78-
+X, +X, +1, +1, del(1)(q32)x2, i(1)(q10), +2, add(3)(p11), add(4) 79. Common clonal cytogenetic changes observed among
(g21), +6, +6 der(6)t(6;8)(q12;q21.3)x2, -8, add(9)(p22)x1-3, these abnormal cells indicate ploidy variants (or evolution)

-10, add(10)(p13), add(11)(q23), +14, -15, add(15)(p11.2), +16, of a stemline or primary cell population.
add(16)(q11.2)x2, -17, -17, -18, +19, -20, -22, i(22)(q10), +mar1-2
46, XX [16]

“Bold-highlighted cytogenetic abnormalities are shared by original and secondary tumor clones.

Table 2. Aggressive cases of BIA-ALCL

Case/Ref.  Age/Int. at Textured Bl Presentation/ Markers Genetics/ Treatment/
ALCL, PMH filled with  Sites of disease ALK Status Outcome
Alobeid etal. 68/16, history of Rt silicone Rt axillary LAD/Rt axillary LNs, Rt CD30+, CD45-/+, CD15+, complex ALK- CPT, 6 cycles CHOP/No
2009 breast ductal CA and PBC Bl capsule, Lt axillary LNs CD2+, CD4+, EMA+, MUM1+ known relapse
Carty et al. 57/32, multiple Bl silicone B-symptoms, Lt axillary LAD/Lt Bl CD30+, CD4+ Complex ALK- CPT, RT, 5 cycles CHOP, sal-
2011 revisions due to capsular capsule with chest wall invasion vage CT, ASCT/Death from
contraction and implant and pleural thickening progressive disease 3 years
rupture after diagnosis
Gaudet etal. 50/10, Lt breast CA, Silicone Mass overlying Rt Bl/Dermal CD30+, CD2+, LCA+, weakly Complex ALK- CHOP/Relapse 1 year later
2002 remote history of HL involvement overlying Rt Bl positive for CD3, CD5, CD43 with pleural and pericardial

effusions, mediastinal LAD;
Unknown current status

Aladily etal. 63/6+1, L breast CA, 3yr saline Effusion & mass in Rt breast/Rt ~ CD30+, CD3+, CD4+, CD2+, Complex ALK- CPT/Died at 12 yrs post
2012 history of lyP breast CD43+ ALCL diagnosis
Aladily etal.  47/9, breast CA saline Rt Bl mass/Rt breast with effu- CD30+, CD45+, CD43+, CD4+, Complex ALK1- CPT, RT, CT/Died at 2 yrs
sion EMA+, Granzyme B post ALCL diagnosis
Our Case 67/8, breast CA Silicone Enlargement and Effusion in Rt CD30+, CD15+, CD25+, CD8+, Complex with genetic ~ CPT at diagnosis, CHOP/
breast/Rt breast evolution ALK- Etoposide at relapse. Patient
is well without detectable
disease

Int., interval; Rt, right; Lt, left; Bl, breast implant; CA, carcinoma; LN, lymph node; LAD, lymphadenopathy; LyP, lymphomatoid papulosis; CPT, capsulectomy; RT, radiation therapy; CT, chemotherapy; ASCT, autologous stem cell transplantation;
CHOP, PBC, primary billiary cirrhosis; ALK-, anaplastic lymphoma kinase gene rearrangement negative; Ref., reference.
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that these patients may be predisposed to
malignancy. Indeed, the patient reported here
developed cancer in both breasts. This raises
the possibility that this group of patients has an
inherent genetic instability, which is exaggerat-
ed when put under pressures such as a robust
inflammatory response that enhance the need
to protect genome integrity.

Conversely, if advanced, metastatic disease is
present but undetected at diagnosis, a more
thorough workup at the time of diagnosis and
closer follow-up of the patients might be indi-
cated to determine the full extent of disease.
Furthermore, recognizing that micrometastatic
disease may be present at diagnosis suggests
that the therapeutic approach may need revi-
sion as well. Perhaps capsulectomy is not a suf-
ficiently aggressive treatment for BIA-ALCL, as
it would not eliminate micrometastases.

Genetic instability and BIA-ALCL

An interesting and consistent feature of BIA-
ALCLs is their complex cytogenetics. This sug-
gests that genomic instability may play a role in
tumorigenesis and/or tumor progression.
Indeed, the absence of a normal copy of chro-
mosome 17 in the current case reflects a loss
of heterozygosity of the TP53 (tumor suppres-
sor) gene locus located on the short arm
of chromosome 17 (17p13.1), which may have
contributed to the aggressiveness of this
patient’s tumor. Since the p53 antibodies used
for IHC recognize both normal and mutant p53,
the tumor cells may either be p53 null or
defects in p53 pathway when the tumor cells
exhibited such abnormal ploidy and mitosis
[31]. Human p53 plays an important role in
apoptosis, genomic stability, and inhibition
of angiogenesis [32]. It is possible that slight
defects in the maintenance of genetic integrity
are only uncovered when these mechanisms to
go into overdrive, such as during a robust
inflammatory response [33], and hypoxia as
seen in some patients with textured breast
implants.

Consistent with that model, this patient’s tumor
exhibited increasingly complex Kkaryotypic
changes as the tumor evolved from an appar-
ently indolent neoplasm to an invasive lympho-
ma extending beyond the breast implant cap-
sule and into lymph nodes. It is plausible that
specific chromosomal changes act as ‘driver’
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mutations responsible for tumor aggressive-
ness and identifying these will be critical to
developing rationally designed therapeutic
strategies. In addition to p53, genes involved in
maintaining genetic integrity in immune cells,
such as activation-induced cytidine deaminase
(AID) are implicated in the pathogenesis of
other inflammation-related neoplasms [34,
35], and also could be involved BIA-ALCL.
Indeed, transgenic mice with constitutive AID
expression [36] and p53 deficiency [37] devel-
op T-cell lymphoma.

Breast implants, inflammation, and ALCL

Inflammation has been linked to tumorigenesis
and tumor progression in many malignancies
[34, 38, 39]. The strong association between
texturized breast implants and ALCL develop-
ment suggests that the foreign biomaterial may
instigate neoplastic transformation, probably
by triggering a chronic inflammatory response.
The ectopic lymphoid tissue surrounding the T
cell neoplasm in the present case provides
compelling evidence in support of this hypoth-
esis. The formation of ectopic lymphoid tissue
(“lymphoid neogenesis”) is a frequent manifes-
tation of chronic inflammation [40, 41].
Lymphoid neogenesis is associated with chron-
ic inflammation in infections such as chronic
hepatitis C and Helicobacter pylori infection
[34, 42] and chronic autoimmune diseases
such as autoimmune thyroiditis, Sjogren’s syn-
drome, rheumatoid arthritis, primary biliary cir-
rhosis, and lupus [40, 43]. Interestingly, all of
these chronic inflammatory conditions are
associated with the development of lympho-
mas, which typically arise extranodally within
the chronically inflamed tissues. Although T cell
lymphomas have been reported, B cell lympho-
mas are far more common [17]. The lymphoid
neogenesis seen in BIA-ALCL is unusual in that
it appears to promote the development of T
cell, rather than B cell, neoplasia. This could
reflect the type of inflamed tissue, subcutane-
ous tissue or perhaps breast tissue, instead of
glandular tissue (thyroid, salivary glands), solid
organs (liver), or joints. Alternatively, it could be
a consequence of the material inciting the
inflammatory response, in this case textured
silicone elastomer. The occurrence of cutane-
ous ALCL following insect bites [44] lends some
support to the former hypothesis. A murine
model of autoimmune disease associated with
chronic inflammation (lymphoid neogenesis),
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pristane-induced lupus, is associated with B
cell neoplasia [45, 46]. Unfortunately, a compa-
rable mouse model for BIA-ALCL does not yet
exist. If such a model could be established, it
may be invaluable in resolving the issue of why
textured silicone breast implants predispose to
T cell ymphoma genesis.
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