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Background: ALK-negative anaplastic large cell lymphoma associated with breast implant (i-ALCL) has been recently
recognized as a distinct entity. Among 43 830 lymphomas registered in the French Lymphopath network since 2010, 300
breast lymphomas comprising 25 peripheral T-cell lymphomas (PTCL) were reviewed. Among PTCL, ALK-negative ALCL
was the most frequent and all of them were associated with breast implants.
Patients and methods: Since 2010, all i-ALCL cases were collected from different institutions through Lymphopath.
Immuno-morphologic features, molecular data and clinical outcome of 19 i-ALCLs have been retrospectively analyzed.
Results: The median age of the patients was 61 years and the median length between breast implant and i-ALCL was
9 years. Most implants were silicone-filled and textured. Implant removal was performed in 17 out of 19 patients with
additional treatment based on mostly CHOP or CHOP-like chemotherapy regimens (n = 10/19) or irradiation (n = 1/19).
CHOP alone or ABVD following radiation without implant removal have been given in two patients. The two clinical presen-
tations, i.e. effusion and less frequently tumor mass correlated with distinct histopathologic features: in situ i-ALCL
(anaplastic cell proliferation confined to the fibrous capsule) and infiltrative i-ALCL (pleomorphic cells massively infiltrating
adjacent tissue with eosinophils and sometimes Reed–Sternberg-like cells mimicking Hodgkin lymphoma). Malignant
cells were CD30-positive, showed a variable staining for EMA and were ALK negative. Most cases had a cytotoxic T-cell
immunophenotype with variable T-cell antigen loss and pSTAT3 nuclear expression. T-cell receptor genes were clonally
rearranged in 13 out of 13 tested cases. After 18 months of median follow-up, the 2-year overall survival for in situ and
infiltrative i-ALCL was 100% and 52.5%, respectively.
Conclusions: In situ i-ALCLs have an indolent clinical course and generally remain free of disease after implant removal.
However, infiltrative i-ALCLs could have a more aggressive clinical course that might require additional therapy to implant
removal.
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introduction
Non-Hodgkin lymphomas of the breast are rare and comprise
∼0.01–0.5% of all malignant breast tumors [1, 2]. The most
common types of breast lymphomas are B-cell lymphomas such
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as diffuse large B-cell lymphomas and extranodal marginal zone
lymphomas [3, 4]. Peripheral T-cell lymphomas (PTCL) of the
breast are less frequently reported and represent only 10% of all
breast lymphomas [5]. Breast implant-associated ALK- negative
ALCL (i-ALCL) was described for the first time in 1997 by
Keech and Creech [6]. Subsequently, anecdotal cases and series
were reported and i-ALCL has recently emerged as a distinct
clinicopathologic entity [7–20]. In 2011, the association between
breast implant and ALCL was better documented since the US
Food and Drug Administration was aware of a total of 60 poten-
tial cases. Recently, Brody et al. [21] have inventoried the largest
literature review of clinical history of 173 i-ALCL cases.
Neoplastic cells have common anaplastic features with a cyto-
toxic T-cell phenotype. They co-express CD30 and EMA but do
not show ALK protein. As the literature has evolved, two distinct
clinical subtypes of i-ALCL have emerged. Most patients present
with accumulation of fluid around the breast implant referred to
as seroma, and have a localized disease [8, 9, 12, 15, 17, 18, 21].
Less frequently, patients present with a palpable tumor mass
limited to the breast with or without axillary lymphadenopathies
(stage II to stage IV) [8, 15, 17, 18]. However, no specific patho-
logic features associated with each of these two groups have
been yet reported.
In this study, we reviewed the clinical, immunomorphologic,

molecular and survival data of 19 cases collected from different
institutions through Lymphopath over a 5-year period [22].
Lymphopath is a government-supported network which aims
at reviewing all newly lymphoma diagnoses or suspected lymph-
oma diagnoses in France by an expert hematopathologist. This
study emphasizes the distinctive features of each group and the
importance of distinguishing between the two morphological
subtypes to improve therapeutic management.

materials andmethods

patients
We reviewed 19 i-ALCL diagnosed between 2010 and 2014 and collected
through Lymphopath, a national network of 33 expert hematopathology
reference centers, established by the French National Cancer Agency
(INCa) in 2010 [22]. Patients underwent staging based on clinical
examination and CT scan, complemented in some cases by positron emis-
sion tomography (PET) or bone marrow analysis. In each case, Ann
Arbor staging could be determined (Table 1). Seventeen had immediate
surgical removal of the implant and capsulectomy, while two were treated
with chemotherapy without implant removal associated or not with
radiation.

histological and immunohistochemical analysis
All cases were reviewed by five pathologists (CL, AD, LL, PG and GD)
without the knowledge of the clinical presentation. Institutional ethical
approval was obtained in compliance with the Helsinki agreement.
Samples fixed in 10% buffered formalin were processed for routine histo-
pathological examination. For immunohistochemical examination, 3 µm
thick sections were tested using a Ventana Benchmark XT (Ventana,
Tucson, AZ) [23].

The antibodies used are detailed in supplementary Table S1, available at
Annals of Oncology online.

in situ hybridization for Epstein–Barr virus and FISH
study for DUSP22-IRF4 rearrangement
Epstein–Barr virus (EBV) detection was performed by in situ hybridization
using EBV-encoded RNA (EBER) probes (Ventana Medical Systems). FISH
was performed on whole-tissue sections as using homemade break-apart
probes spanning the DUSP22-IRF4 breakpoints at 6p25.3.

polymerase chain reaction
Rearrangements of T-cell receptor (TCR) and of immunoglobulin chain
genes (IG) genes were studied on DNA extracted from FFPE tissue by multi-
plex PCR targeting TCRβ, TCRγ, IGH and IGK genes. BIOMED-2 primers
were used with standard PCR conditions [24]. Each reaction was performed
in duplicate. TCRγ, TCRβ, IGH and IGK gene amplification products were
analyzed by heteroduplex capillary electrophoresis (QIAxcel, QIAGEN,
Hilden, Germany) and GeneScan analysis.

statistical analysis
Survival was determined from time of diagnosis until time of death or last
follow-up. Survival curves were constructed by the Kaplan–Meier method.
Survival distributions were compared with the log-rank test. Statistical
significance was set at a P-value of 0.05. Analyses were performed using
GraphPrism software.

results

demographics of i-ALCL in France
Since 2010, 43 830 lymphomas have been registered in the data-
base of the Lymphopath network. Among them, 300 breast
lymphomas were diagnosed in France. As expected, the most
frequent were B-cell lymphomas (n = 274; 91.5%), whereas
PTCL accounted for only 25 cases (8%) (Figure 1). Interestingly,
the most frequent PTCLs were ALK-negative ALCL (n = 19)
and were associated with breast implants in all cases, while such
an association was not found for the other breast lymphomas.

clinical features
The mean age at diagnosis was 61 years (ranged 42–83 years)
(Table 1). In 11 cases (58%), the implant followed mastectomy
for breast carcinoma; in 8 cases (42%), the reason for implant
was cosmetic. Breast implants were filled with saline solution
(n = 2) or silicone gel (n = 16). All patients but one received tex-
tured breast implant. In the majority of cases (61%), implants
were not disrupted at the time of i-ALCL diagnosis. Five patients
presented with erythematous skin eruption before i-ALCL diag-
nosis (n°3, n°11, n°12, n°17 and n°19). The median interval
time between implant surgery and i-ALCL diagnosis was 9 years
(range 1.5–20 years). Pretreatment PET scan has been positive
in eight out of eight patients. The majority of patients (84%)
were Ann Arbor stage IE (n = 13) or II (n = 3), the three remain-
ing patients (16%) considered as stage IV with bone (n°18 and
n°19) or muscle lesions (n°17).
Two distinct clinical presentations were observed: (i) patients

presenting with seroma (n = 11) and (ii) patients with palpable
breast tumor mass (n = 8). Of the 13 patients with stage IE
disease, 10 patients presented with an effusion without mass
and 3 patients had a tumor mass. Of the six patients with more
advanced stage, only one presented as a seroma without palp-
able tumor. Capsulectomy with implant removal was performed
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Table 1. Clinical and implant characteristics, treatment and follow-up of 19 patients with an i-ALCL

Case Age (years) Reason for implant Implant characteristics Side Time to i-ALCL
diagnosis (years)

Clinical
presentation

Ann Arbor
staging

Therapy Overall survival
(outcome)Type of implant Texture of

implant
Disrupted
implant

1 67 Breast cancer Saline Yes Yes Right 10 Seroma IE Implant removal + CT1 30 (NED)
2 42 Cosmetic Silicone Yes Yes Left 20 Seroma IE Implant removal + RT (36 Gy) 18 (NED)
3 56 Breast cancer Silicone Yes Yes Left 13 Seroma IE Implant removal 60 (NED)
4 49 Cosmetic Silicone Yes No Left 10 Seroma IE Implant removal + CT1 24 (NED)
5 54 Cosmetic Silicone Yes No Right 9 Seroma IE Implant removal 24 (NED)
6 62 Breast cancer Silicone Yes No Bilateral 17 Seroma IE Implant removal 18 (NED)
7 77 Breast cancer Saline Yes No Left 14 Seroma IE Implant removal 12 (NED)
8 44 Breast cancer Silicone Yes No Right 6 Seroma IE Implant removal 8 (NED)
9 60 Cosmetic Silicone Yes No Right 10 Mass + seroma IE Implant removal 24 (NED)
10 61 Cosmetic Silicone Yes No Left 17 Mass + seroma IE Implant removal + CT1 36 (NED)
11 54 Cosmetic Silicone Yes No Left 3 Mass + seroma II Implant removal + CT1 7 (DOD)
12 74 Breast cancer NA NA NA Left 9 Mass II CT2 + RT (30Gy) 36 (NED)
13 83 Breast cancer Silicone Yes No Right 7 Mass II Implant removal + CT1 13 (DOD)
14 80 Cosmetic Silicone Yes Yes Right 8 Mass + seroma IE Implant removal + CT1 3 (NED)

15 50 Cosmetic Silicone Yes No Left 8 Seroma IE Implant removal NA
16 77 Breast cancer Silicone Yes Yes Right 2 Seroma IE Implant removal + CT3 18 (NED)
17 74 Breast cancer Silicone Yes No Left 9 Mass + seroma IV Implant removal + CT1 3 (NED)
18 75 Breast cancer Silicone Yes Yes Right 1.5 Seroma IV Implant removal + CT1 18 (NED)
19 58 Breast cancer Silicone Yes Yes Left 7 Mass + seroma IV CT1 3 (DOC)

CT1, cyclophosphamide, adriamycin, vincristine and prednisone (6 cures) [CHOP] or [CHOP-like]; CT2, adriamycine, bleomycine, vinblastine and dacarbazine [ABVD]; CT3, dexamethasone, high-dose
aracytine, oxaliplatin [DHAOX]; RT, radiotherapy; NA, not available; NED, no evidence of disease; DOD, dead of disease; DOC, dead from other cause (breast carcinoma).
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in 17 out of 19 (89%) patients. Additional treatments in 10 out
of 17 patients comprised polychemotherapy (n = 9) as an
anthracyclin-based regimen CHOP (cyclophosphamide, adria-
mycin, vincristine and prednisone) or CHOP-like (n = 8), or as
a platinum-based regimen DHAOx (dexamethasone, high-dose
aracytine and oxaliplatin) (n = 1) and one patient received radio-
therapy alone after implant removal (n = 1). One patient, in
whom implant was not removed, received CHOP chemotherapy
alone. Finally, one patient, who had been first misdiagnosed as
classical Hodgkin lymphoma, has been given ABVD chemo-
therapy (adriamycine, bleomycine, vinblastine and dacarbazine)
followed by radiation without implant removal.
Clinical outcome was available in 18 patients. The median

follow-up was 18 months (range 2–60 months). The 2-year overall
survival was 80% [95% confidence interval (CI) = 51.1–99.2]. At
the time of analysis, 15 patients were alive and in complete remis-
sion at the last follow-up, three patients died, two from lymphoma
progression at 7 and 13 months after the diagnosis of lymphoma
and one from relapsed breast carcinoma at 3 months.

relationship between histopathologic features
and clinical presentation
We identified two distinct pathological patterns with respect to
both cytological features of tumor cells and their environment.
They correlated with clinical presentation.
Indeed, the 11 i-ALCL patients with presentation as seroma

were characterized by a lymphoid neoplastic proliferation con-
fined to the implant capsule and therefore referred to as ‘in situ
i-ALCL’. Non-cohesive malignant cells lined the capsule border
(Figure 2A) and/or were suspended in a serous material. Non-
cohesive malignant cells lined the capsule border (Figure 2A)
and/or were embedded within serous or fibrinoid material
(Figure 2B). There was only a sparse inflammatory infiltrate
(Figure 2C). Aspiration of seroma (n = 3) showed non-cohesive

tumor cells suspended in serous/fibrinoid background. Tumor
cells were large and pleomorphic surrounded by a clear halo,
with irregular nuclei dispersed chromatin and sometimes prom-
inent nucleoli, on histological and cytological preparation. Their
cytoplasm was variably abundant and eosinophilic. In addition,
anaplastic ‘hallmark’ cells with eccentric kidney-shaped nuclei
were observed, although in variable number from case to case
(Figure 2D).
In contrast, the eight patients who presented with a breast tumor

mass showed a diffuse infiltration of the capsule and the adjacent
tissues and were designed ‘infiltrative i-ALCL’. Sheets of large ma-
lignant cells extended beyond the capsule (Figure 2F). Necrosis
was frequent and sclerosis was sometimes observed (Figure 2E).
Malignant cells were associated with a prominent inflammatory
background with a large number of eosinophils (Figure 2G).
Neoplastic cells contained large mono or polylobated nuclei with
prominent eosinophilic nucleoli, resembling Hodgkin or Reed–
Sternberg cells (Figure 2H). In two cases with tumor mass presen-
tation, the two morphologic patterns co-existed and showed besides
a proliferation confined to the fibrous capsule, a focally (n°14) or
massive (n°10) proliferation invading the capsule (Figure 3).
According to the two histological subtypes of i-ALCL, the

2-year overall survival was significantly shorter for patients with
infiltrative i-ALCL subtype compared with those with in situ
i-ALCL subtype (52.5% versus 100% respectively, P = 0.023)
(Figure 4).

immunophenotypic, EBV and FISH results
All cases were strongly and uniformly positive for CD30
(Figure 5A and B) (supplementary Table S2, available at Annals
of Oncology online). Neoplastic cells were often positive for
EMA (90%) (Figure 5C). ALK staining was consistently absent.
All cases showed incomplete T-cell phenotype expressing one or
several T-cell markers (Figure 5D–F) with extensive antigen loss

A B ALK–ALCL
n = 19; 7%

ALK+ALCL
n = 1

PTCL NOS
n = 1

B-NHL NOS
n = 10; 3%

MALT L
n = 57; 19%

Mantle cell
lymphoma
n = 5; 52%

CLL/SLL
n = 10; 4%

Follicular
lymphoma
n = 31; 11%

Burkitt
lymphoma

n = 1

Diffuse large B-
cell lymphoma
n = 156; 52%

Extranodal NK/T
cell lymphoma

n = 1

T-NHL NOS
n = 3; 1%

Plasmocytoma
myeloma
n = 4; 1%

T-cell lymphomasB-cell lymphomas

T-cell
lymphoma
n = 25; 8%

Hodgkin
lymphoma
n = 1; 0.5%

B-cell
lymphoma

n = 274; 90.5%

Figure 1. Distribution of lymphoma subtypes in 300 breast lymphomas registered in Lymphopath network from 2010 to 2014. Repartition of main lymphoma
categories of all breast lymphomas in total number (n) and in percentage (%) (A). Relative frequencies of B- and T-cell lymphoma subtypes in total number (n)
and in percentage (%) (B) (MALT L, mucosae-associated lymphoid tissue lymphoma; CLL/SLL, chronic lymphocytic leukemia/small lymphocytic lymphoma;
NHL NOS, non-Hodgkin lymphoma not otherwise specified; PTCL NOS, peripheral T-cell lymphoma not otherwise specified, ALK+ or ALK− ALCL,
anaplastic lymphoma kinase positive or negative anaplastic large cell lymphoma).

Volume 27 | No. 2 | February 2016 doi:10.1093/annonc/mdv575 | 

Annals of Oncology original articles

http://annonc.oxfordjournals.org/lookup/suppl/doi:10.1093/annonc/mdv575/-/DC1
http://annonc.oxfordjournals.org/lookup/suppl/doi:10.1093/annonc/mdv575/-/DC1


such as CD3, CD5 and CD7. All cases tested for TCRβF1
(n = 12) and TCRγ (n = 12) were negative for both, and all had
an activated cytotoxic profile [TIA-1+/−, granzyme B+/−
(Figure 5F) and/or perforin+/−]. The majority of cases were
positive for CD4 (84%) and CD43 (95%). Interestingly, co-
expression of CD4 and CD8 was seen in two cases (n°7 and n°10).
CD56 was only expressed in two cases (n°13 and n°19). CD45/
LCA and BCL2 were positive in the majority of cases. CD15 was
weakly expressed in 53% of cases. CD20 and CD79a were nega-
tive in the tumor cells in all cases, but two cases (10.5%), one in
situ (n°3) and one of infiltrative subtype (n°9), were weakly posi-
tive for PAX5 (Figure 5G), as already reported in a small pro-
portion of systemic ALCL [25]. IRF4/MUM1 was positive in
89% of cases. All cases tested for phospho-STAT3 (p-STAT3)
were positive in both i-ALCL subtypes (n = 12/12) (Figure 5H).
ALK-negative i-ALCLs were consistently negative for EBV. In

addition, FISH testing with the DUSP22 break-apart probe was
negative in all contributive cases tested (n = 9/9).

TCR gene rearrangements
TCRG genes were clonally rearranged in the 13 cases tested.
TCRB genes were clonally rearranged in 46% of cases (6/13).
Polyclonal rearrangements in IGH and IGK genes were detected
in the two cases tested (n°3 and n°9).

discussion
Our study confirms in a cohort of 19 patients the main clinico-
pathological characteristics of i-ALCL. In agreement with previous
reports [6–21], they typically present with a persistent peri-implant
seroma, although a significant proportion disclose a palpable
tumor. In addition, we describe here that the two distinct clinical

A E

B F

C G

D H

Figure 2. Pathological features of i-ALCL subtypes. The in situ i-ALCL subtype shows a lymphoproliferation confined to the surface of the breast implant
(black arrows), H&E ×400 (A). Tumor cells line the fibrous capsule, H&E ×200 (B), and consist in large pleomorphic tumor cells with irregular nuclei sur-
rounded by a clear halo, H&E ×400 (C), with variable number anaplastic ‘hallmark’-like cells, H&E ×600 (D). The infiltrative i-ALCL subtype shows a lympho-
proliferation invading capsule and surrounding tissue H&E ×400 (E). This subtype sometimes associated with fibrosis H&E ×100 (F) consist in sheets of large
tumor cells with variable number of Hodgkin or Reed–Sternberg-like cells with an abundant inflammatory background H&E ×400 (G) and ×600 (H).
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forms of i-ALCL correlate with specific pathological features: (i) in
situ i-ALCL subtype, consisting in an anaplastic proliferation with
‘hallmark’ cells confined to the capsule is associated with seroma;
(ii) infiltrative i-ALCL, with Hodgkin-like cells massively infiltrat-
ing the capsule and/or adjacent tissues is associated with a tumor
mass. Interestingly, the two morphologic patterns coexisted in two
patients, showing not only a histogenetic relationship between in
situ and infiltrative i-ALCL, but also suggesting that a lesion con-
fined to the capsule may evolve to an infiltrative proliferation.
Consistent with previous reports [6–21], i-ALCL tumor cells
express CD30, frequently EMA and IRF4/MUM1, but are ALK
negative. Most cases have an activated cytotoxic phenotype with

often extensive T-cell antigen loss, including absence of
TCR expression. It should be stressed that some tumor cells had an
‘NK/T’ cell phenotype with CD56 expression and cytotoxic mole-
cules alone. However, all cases tested were EBV-negative and dis-
closed clonal rearrangement of the TCRγ genes, allowing
distinction from extranodal NK/T-cell lymphoma nasal-type.
In addition to the Hodgkin-like morphologic features of i-

ALCL subtype, phenotypic features can be misleading. Indeed,
besides the common T-cell antigen loss, i-ALCL cells variably
expressed CD15 including two cases showing both positivity for
PAX5 and CD15. This peculiar aberrant phenotype had resulted
in an initial misdiagnosis of classical Hodgkin lymphoma in one
patient. These two cases showed a clonal rearrangement of TCR
genes but no B-cell clone. This highlights that the diagnosis of
i-ALCL requires integration of the clinical context together with
immunohistochemical and molecular investigations.
As suggested in the literature, i-ALCL is generally an indolent

localized disease and could be efficiently treated with capsulect-
omy alone [9, 10, 12, 14]. Previously reported in a minority of
cases (10%–35% of i-ALCL patients) [8, 15, 17, 18], we show
here that 42% of patients have a palpable tumor mass generally
limited to the breast, more rarely associated with lymphadeno-
pathies or bone marrow involvement. As recently described
[21], we show here that i-ALCL has a variable outcome ranging
from indolent to aggressive and fatal disease. Miranda et al. [17]
and others [7, 11, 13, 16, 19] reported that only i-ALCL patients
with seroma have a good prognosis. In our series, we show that
this clinical subtype is associated with in situ i-ALCL morpho-
logical features (n = 11) and has an excellent prognosis, all the
patients being alive without active disease with a median follow-

A B

C D

Figure 3. i-ALCL with the two morphologic patterns. The case N°10 shows, beside a proliferation confined to the fibrous capsule (*), a focally bulging proliferation
that invades capsule tissue (**) H&E ×40 (A), ×200 (B), ×200 (C), ×600 (D) and ×600 (E).
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Figure 4. Kaplan–Meier curve showing overall survival estimates for the in
situ and infiltrative i-ALCL subtypes.

Volume 27 | No. 2 | February 2016 doi:10.1093/annonc/mdv575 | 

Annals of Oncology original articles



up of 18 months. This is in agreement with the proposal that
in situ i-ALCL is similar to other indolent CD30-positive lym-
phoproliferative disorders such as primary cutaneous ALCL [11,
14, 21, 26].
In contrast, as already suggested [10, 11, 13, 15, 17, 18, 27], the

presentation as a tumor mass associated with an infiltrative i-
ALCL morphology (n = 8) appeared much more aggressive with a
52.5% overall survival at 2 years, close to that of systemic ALK-
negative ALCL [28]. According to recently published clinical gui-
dances, surgical removal of the implant and complete capsulect-
omy should be performed when i-ALCL is suspected. This
treatment appears successful and no other therapy is generally
needed. However, i-ALCLs presenting as a mass require additional
chemotherapy [29]. Although the mechanisms of lymphomagen-
esis remain elusive in systemic ALK negative ALCL, recurrent
translocations involving DUSP22 locus and oncogenic STAT3
mutations have been recently described [30–32]. The detection of
nuclear pSTAT3 expression in all our cases might suggest that

STAT3 is also mutated in such tumors, although alternative
mechanisms for the constitutive activation of STAT3 could not be
precluded. Nevertheless, JAK/STAT3-targeted tyrosine kinase in-
hibitor (sunitinib) could be envisaged as an interesting strategy in
infiltrative i-ALCL. Despite the indolent course of i-ALCL, our
results showed that none of tested cases had a DUSP22 rearrange-
ment, in contrast with primary cutaneous ALCL and a subset of
systemic ALK-negative ALCL with good prognosis. However,
given the small number of cases in our series, further studies are
needed to determine whether i-ALCL represents a new genetic
subset of ALK-negative ALCL or is a part of the still
heterogeneous systemic ALK-negative ALCL entity.
Despite the very low risk to develop ALCL in women with

breast implant (0.1–0.3 per 100 000 women with prostheses) [8,
17], several key observations in line with our results lead to support
an association between ALCL and implants [8]. Actually, among
300 breast lymphomas registered in the Lymphopath network, only
8% were PTCLs, but the vast majority (80%) of the latter was i-

A B

C D

E F

G H

Figure 5. Immunophenotype of i-ALCL. Tumor cells are positive for CD30, ×200 (A) and ×100 (B); EMA, ×600 (C); CD3, ×400 (D); CD4, ×200 (E); express
cytotoxic granules of granzyme B, ×200 (F); PAX5, (×400) (G) and pSTAT3 (×200) (H).
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ALCL. In our series, all implants were textured suggesting a site
and material-specific chronic inflammatory etiology, as already
suggested [8, 12, 13, 17, 18, 21, 29]. Although some authors found
no significant association between i-ALCL and fluid fill (saline or
silicone) [29], all cases reported here but two were in the context of
silicone implants. However, we cannot eliminate a possible selec-
tion bias, given that silicone-breast implant is most commonly
used in France. Silicone and its degradation products have been
shown to be directly toxic in living tissues by causing fibrosis and
inflammation [33, 34]. However, in half of our cases with silicone
gel, implants were not disrupted. This could suggest that other
factors, such as immunologic response to chronic irritation by the
prosthesis, in particular having a textured surface, could trigger
ALCL proliferation [12, 35]. In i-ALCL, a direct link with viral/or
bacterial infection has not been demonstrated, but a recent study
found a biofilm Gram-negative bacteria in some implants, asso-
ciated with an increased T-cell response [36]. In this respect, we
have reported that insect bite-associated antigens could result in an
influx of T lymphocytes, some bearing the t(2;5). The subsequent
release of cytokines could act as a ‘second hit’, eliciting activation
of the latter cells, which would then express the oncogenic NPM-
ALK protein and undergo ALK+ALCL cell proliferation [37].
In conclusion, i-ALCL is a distinct clinicopathological entity

comprising two histological subtypes, correlating to clinical
presentation. Clinical presentation as an effusion around the
implant corresponds histologically to an ‘in situ’ i-ALCL con-
fined to the capsule. Conversely, patients with a palpable mass
have an ‘infiltrative’ i-ALCL massively invading the capsule and
adjacent tissues and show histological features resembling clas-
sical Hodgkin lymphoma. Although i-ALCL is considered as an
indolent T-cell lymphoma, ‘infiltrative’ i-ALCL subtype requires
more intensive therapeutic approaches.
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Home administration of bortezomib in multiple myeloma
is cost-effective and is preferred by patients compared
with hospital administration: results of a prospective
single-center study
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Background: Subcutaneous (s.c.) administration of bortezomib is the most widely used route of administration for the
treatment of patients with multiple myeloma. No study has as yet prospectively evaluated home versus hospital adminis-
tration of s.c. bortezomib with respect to patient preference and cost.
Patients and methods: In this prospective trial, myeloma patients received the first administration of s.c. bortezomib of
each cycle in the outpatient unit of the Department of Hematology. When possible, all subsequent doses of bortezomib
within each cycle were provided at home. A cost analysis was carried out to compare the average cost of an injection of
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