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Abstract Breast implant-associated anaplastic large cell
lymphoma (BIA-ALCL) is an uncommon T-cell, CD-30+/
ALK lymphoma. Late (9 years) periprosthetic fluid (ser-
oma) is the most common presentation (90% of the cases).
A combination of textured breast implant, bacterial con-
tamination, and genetic predisposition seems to be neces-
sary for BIA-ALCL to occur. There are 35 million patients
with implants in the world, and at the present moment, 573
cases of BIA-ALCL have been reported. The risk of
developing BIA-ALCL in Australia varies from 1:2832 to
1:86,029, with texture grades 3 and 4 seeming to pose a
higher risk than grades 2 and 1. NCCN has established
guidelines for diagnosis and treatment, and early diagnosis
is the key to cure. At an early stage and for the vast
majority of patients, the treatment consists of capsulectomy
and implant removal. However, at stages II to IV, a sys-
temic treatment is warranted, including chemotherapy,
radiotherapy (residual disease), and brentuximab vedotin.
The majority of patients can be cured, and complete cap-
sular removal is the most important factor. So far, 33
patients have died from BIA-ALCL worldwide, with
deaths related to delay in diagnosis and treatment. Textured
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implants have been in the midst of the current implant
crisis, and Biocell was recalled worldwide after the latest
FDA update on the disease. At the present moment, no
medical society or regulatory agency has recommended
implant removal. It is about time that we start robust breast
implant registries to determine risks. Besides, based on
scientific criteria, we must consider all the benefits and
risks associated with the available breast devices.
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Definition

Breast implant-associated anaplastic large cell lymphoma
(BIA-ALCL) is an uncommon T-cell lymphoma, CD30-
positive, ALK-negative, that typically presents itself as a
spontaneous periprosthetic fluid collection or a capsular
mass on the implant [1]. Non-Hodgkin lymphomas in the
breast are rare (< 1% of breast neoplasms), and only 10%
of them are T-cell lymphomas [2].

BIA-ALCL was first described in 1997 [3]; however, it
was only after the communication by the US Food and
Drug Administration (FDA) in 2011 that physicians have
increased their attention to this disease.

The World Health Organization (WHO) recognized
BIA-ALCL as a provisional entity in 2016, with morpho-
logical and immunophenotypic features indistinguishable
from the ALK-negative anaplastic large cell lymphoma
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(ALCL) but arising primarily in association with breast
implants [4].

Etiology

At present, the development of BIA-ALCL seems to be
associated with a textured breast implant, plus bacterial
contamination (biofilm), and individual genetic predispo-
sition [5].

Textured silicone breast implants have been developed
in response to the search for more natural-looking implants
with less silicone leakage has led to the development of
textured silicone breast implants. They promote the sta-
bility of the breast pocket by increasing adherence to the
breast tissue while decreasing capsular contracture [6].

Long-term safety of textured implants has been
demonstrated in several recent studies [7]. Randquist [8]
analyzed over 6000 textured implants and detected low
rates of capsular contracture and reoperations. Adams et al.
[9] investigated a series of 42,000 Biocell textured implants
and found an overall contracture rate of 2.2%, a result
similar to that also found by McGuire et al. [10], for
Biocell implants (2.3—4.1%). However, complications not
observed in smooth implants, like late seroma, double
capsule, and lately BIA-ALCL, have been reported [9]. The
presence of capsular contracture for smooth and textured
implants is subjected to some controversy; while Zingaretti
et al. [10] found similar capsular contracture rates in the
submuscular pocket between smooth and textured
implants, and Namnoum et al. [11] observed lower cap-
sular contracture rates in textured implants.

Considering that the morphology of the outer shell in
textured implants is not uniform for all providers, Jones
et al. [12] proposed a new classification for the likelihood
of bacterial growth on implant surfaces based on the sur-
face area and roughness, with micro- and macrotextures.
This classification goes from 1 to 4 (minimal, low, inter-
mediate, and high), and the risk of BIA-ALCL is signifi-
cantly higher for surfaces in classes 3 and 4 [13]. Each
manufacturer has a particular method to create texture,
which seems to have a direct correlation to lower or higher
incidence of BIA-ALCL [7].

Deva et al. hypothesized that bacterial contamination
introduced at the time of breast implant surgery might, over
time, develop a biofilm that triggers an inflammatory and
immune system response characterized by a predominantly
T-cell lymphocytic infiltrate [14—16]. In genetically pre-
disposed patients, such a response could lead to the
development of BIA-ALCL [15]. This hypothesis led to
several further studies, some of which suggested that
implants with a higher surface area could allow a more
significant bacterial load, which would promote increased
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lymphocyte stimulation and transformation [15, 17], while
others indicated that textured and rough surfaces could be
irritating and abrasive, further stimulating inflammatory
responses [7].

Studies comparing bacteria in breast implant capsules
from capsular contracture and BIA-ALCL revealed that
Gram-positive bacteria are predominant in cases of cap-
sular contracture, whereas the majority of bacteria present
in BIA-ALCL are Gram-negative [15]. Bacterial biofilm,
therefore, could lead to two pathologic pathways: The
biofilm of Gram-positive bacteria (e.g., Staphylococcus)
would promote capsular contracture due to inflammation
and fibrosis; on the other hand, the biofilm of Gram-neg-
ative bacteria (e.g., Ralstonia pickettii, Pseudomonas)
could lead to lymphocyte stimulation/transformation and
eventual lymphoma [15].

There are various examples in the literature of infectious
diseases leading to cancer, such as Helicobater pylori and
gastric MALT lymphoma [18], and lymphomas associated
with infections by Epstein Barr virus (EBV), human herpes
virus 8 (HHV 8), and leukemia/lymphoma virus 1 (HTLV-
1) [19]. EBV is involved in extranodal NK/T-cell lym-
phoma [19], and Aladily [2] describes a case that mimics
BIA-ALCL symptoms, but further research is mandatory to
confirm this hypothesis. Obtaining the medical history of
previous infections in patients with BIA-ALCL should help
and clarify any role of infections in BIA-ALCL
development.

Betadine (50% or higher concentration) (povidone—
iodine [PI] 10% solution, 1% available iodine [Purdue
Frederick Company, Stamford, CT]) is one of the few
antiseptic agents that is effective against R. pickertii [20].
Therefore, the use of Betadine was reviewed by the US
FDA in 2017, at the request of a breast implant manufac-
turer, to introduce changes in the Directions for Use (DFU)
that removed warnings regarding the use of Betadine [21].

Blombery et al. [22] sequenced the genome of 11 con-
firmed cases of BIA-ALCL and detected variants leading to
JAK/STAT activation in 10 of 11 patients, indicating that
genetic predisposition may be likewise a critical factor.
Geographic variation in incidence might also be explained
by genetic predisposition.

Incidence

Although there are no accurate numbers of breast implant
surgeries performed, it is estimated that there are approx-
imately 35 million patients with breast implants worldwide
[23]. The first case of BIA-ALCL was reported in 1997 [3],
and the American Society of Plastic Surgery (ASPS) and
FDA have recognized a total of 573 cases worldwide until
August 5, 2019 [24]. Australia’s Therapeutic Goods
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Administration (TGA) has confirmed a total of 76 cases to
date [25]. The average woman’s risk of developing breast
cancer in her lifetime is 1:8 [26]. Doren et al. [29] reported
a BIA-ALCL incidence of 1:30,000 in women with a tex-
tured breast implant. Implant-specific risk was estimated in
Australia using sales data between 1999 and 2015 for
Allergan, Mentor, and Silimed (polyurethane) in 2017 [17]:
The risk estimated was higher in the Biocell textured
implants (1:3817), followed by polyurethane (1:7788), and
Siltex (1:60,631). Magnusson [27] updated the numbers in
February 2019 for the risk of polyurethane (1:2832), Bio-
cell (1:3345), and Siltex (1:86,029), showing that Biocell
poses a 16.5-fold higher risk compared to Siltex, and
polyurethane poses a 23.4-fold higher risk compared to
Siltex. Ruffenach et al. [28] recently reported 36 cases of
BIA-ALCL in France, with patients from the ANSM and
the French Lymphopath Network, and found that 72% of
the explanted implants were of the Biocell brand, while no
records involved smooth implants.

This lack of precise risk estimates is due to the
unstructured data collection, potential duplicate records,
unclear clinical and pathological data, lack of information
on the number of implants inserted as a denominator, and,
most importantly, undiagnosed cases [19, 29].

Clinical Presentation

The most common clinical presentation of BIA-ALCL is
late seroma, which is present in 60-90% of confirmed cases
[28]. It usually occurs several years (7-10) after breast
implant insertion and is described as an abrupt increase in
breast volume due to periprosthetic fluid accumulation
[29].

It should be highlighted that not all late seromas are
associated with BIA-ALCL; however, approximately 9%
of late seromas (i.e., present after 1 year of implant sur-
gery) are associated with BIA-ALCL [30]. Accordingly,
any seroma after 1 year of surgery that cannot be explained
by trauma or infection should be further investigated and
considered as suspicious of BIA-ALCL.

Other presentations of BIA-ALCL include a mass
development, which occurs in 10-40% of all cases, besides
cutaneous manifestations [31, 32], capsular contracture,
and lymphadenopathy.

A total of 414 medical device reports (MDR) were
present in the database of the FDA Manufacturer and User
Facility Device Experience (MAUDE) until September 30,
2017 [33]. Of these MDRs, 272 contain information asso-
ciated with the implant surface, with 242 implants identi-
fied as textured and 30 as smooth. No cases of BIA-ALCL
were found in patients with documented smooth devices.
Brody et al. [26] reviewed 79 published and 94 previously

unreported cases and found that 100% of the patients had a
textured implant or previously used one.

Diagnosis

The National Comprehensive Cancer Network (NCCN)
established guidelines for the diagnosis and treatment of
this disease in 2016 and updated in 2019 [1, 34].

Because the most common form of clinical presentation
is a seroma (Fig. 1), it is crucial to collect the fluid through
fine-needle aspiration (FNA) and submit it to cytologic
evaluation and flow cytometry.

The initial exam in the disease workup is an ultrasound
(Fig. 2), and mammograms are not useful. In a minority of
cases that do not present any fluid, ultrasound-guided, or
open biopsy may be necessary to collect samples of cap-
sular mass, abnormal skin, or enlarged and suspicious
lymph nodes.

As much fluid as possible should be collected through
FNA and submitted to cytopathology and flow cytometry
(Figs. 3, 4, 5) as soon as possible after collection to avoid
misreads and false negatives. Because flow cytometry is
not available in small/medium health centers in Latin
America, the diagnosis is usually based only on
cytopathologic findings and immunochemistry [35].

Cytopathologic diagnosis of BIA-ALCL is based on the
presence of large cell, atypical, pleomorphic, and
anaplastic morphology with eosinophilic cytoplasm.
Immunohistochemistry will show large sheets of tumor

: 052Y F 489
Al Nasc: 12/08/1

3.71 mm

| 180 (WINDOW1)

Fig. 1 Seroma in the breast of a BIA-ALCL confirmed patient (from
the authors)
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Fig. 2 BIA-ALCL diagnostic workup
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Fig. 3 Seroma in ultrasound FNA aspirate

cells expressing CD30, and a single T-cell clone is evident
on flow cytometry.

BIA-ALCL does not express the anaplastic lymphoma
kinase translocation (i.e., it is ALK-negative), which is
critical to differentiate from systemic ALK-positive ALCL
[30].
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Fig. 4 Histological aspect of large and pleomorphic cells (red arrow).

Immunohistochemistry test showing expression of the CD30 protein
(red arrow) on large cells (from the authors)
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Fig. 5 Flow cytometry in a confirmed BIA-ALCL case. The red area shows atypical large CD 30 + expressing cells (from the authors)

It should be noted that such immunohistochemistry
panels are not performed in routine fluid evaluations, so it
is necessary to provide a clinical history and indicate the
suspicion of BIA-ALCL for CD30 and ALK testing [36].

Staging

NCCN [29] has developed a staging system for BIA-ALCL
associated with a solid tumor (Fig. 6). In the early stages of
the disease, malignant cells are found solely in the
periprosthetic fluid (stage IA) or the internal aspect of the
capsule (stage IB) or a mass confined to the capsule (stage
IC). If the tumor extends beyond the capsule, it is con-
sidered a T4 (stage II). If there are any lymph nodes or

distant organs affected, this suggests disease progression
(stages 1IB, III, and IV).

A patient should not be submitted to surgery if the BIA-
ALCL diagnosis is unconfirmed, and patients with con-
firmed BIA-ALCL should be referred to a clinical oncol-
ogist for proper evaluation and staging before surgery. PET
scans are useful for scanning extracapsular disease and
distant metastasis [29].

Treatment
One of the most critical aspects of treatment is for the
plastic surgeon to be aware that the case consists of con-

firmed BIA-ALCL. It is not good practice to perform sur-
gery before a complete BIA-ALCL diagnostic workup.

@ Springer
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Fig. 6 BIA-ALCL STAGING. From Clemens et al. [44]. Reprinted with permission. © (2016) American Society of Clinical Oncology. All

rights reserved

Surgical treatment consists of the removal of the
implant, total capsulectomy (Figs.7, 8, 9), and, for
advanced stages (II, IIT or I'V), lymphadenectomy, in which
case the patient should be referred to a surgical oncologist.
Sentinel-node biopsy appears to not be applicable in the
treatment of BIA-ALCL [36].

After capsulectomy and implant removal, breast recon-
struction should be performed with autologous tissue [37]
or smooth implants. NCCN advises removing both
implants due to some cases of incidental findings in the
contralateral breast [18, 34].

The majority of patients do not require further treatment
besides implant removal and total capsulectomy (stage I).
It should be noted that incomplete removal of the capsule is
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staged as an advanced disease according to NCCN guide-
lines, meaning a higher recurrence rate and a decrease in
the overall survival [34]; thus, the oncological resection of
both implants and capsule (total capsulectomy) is required.

Further treatment may be necessary for advanced stages
(IT to IV), but there is no standardized therapy so far due to
the small number of cases worldwide. NCCN guidelines
were updated in 2019 [34] with the recommendation of
adjuvant therapy with cyclophosphamide, doxorubicin,
vincristine, and prednisone (CHOP) [1]. However, frontline
therapy with brentuximab vedotin, an antibody—drug con-
jugated to a chimeric CD30, has been reported to produce
good results, and it is now considered the “preferred” first-
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Fig. 7 Surgical treatment of BIA-ALCL. Submuscular Allergan 410 form-stable implant for breast reconstruction. Right: costal arches and

intercostal muscles after posterior capsulectomy (from the authors)

line therapy [38, 39]. Residual or unresectable disease may
eventually require radiotherapy [1].

Surveillance after implant removal and capsulectomy
should involve examinations every three—six months, CT
of chest, abdomen, and pelvis, or PET/CT scans every six
months for the first two years after the surgery [18, 34].

Survival and Mortality

The majority of patients diagnosed with BIA-ALCL can be
cured. Complete capsular removal is the most important
factor in survival and cure [40]; thus, preoperative planning
is mandatory, and the lack of adequate treatment may allow
disease progression. The presence of tumor nodules, axil-
lary lymph node involvement, bilateral breast involvement,
and infiltrative pattern on capsule histology are correlated
with more aggressive behavior [18].

Clemens et al. [41] reported the outcomes after treat-
ment of BIA-ALCL. Both the presence of a mass and the
extracapsular disease were associated with increased risks
of recurrence and death.

Most deaths related to BIA-ALCL were associated with
delayed diagnosis and treatment. Until August 2019, 33
reported deaths have been attributed to BIA-ALCL
worldwide (Australia, Brazil, France, the UK, the Nether-
lands, New Zealand, Sweden, and the USA) [29, 33]. The

overall survival and disease-free survival are difficult to
determine due to a scarcity of data and proper follow-up.

Patient and Physician Education

Because BIA-ALCL is an indolent disease, which usually
takes 8—10 years to develop, and is highly curable in early
stages, awareness of this lymphoma is essential for prompt
diagnosis and treatment.

It is essential to promote physician education, not only
for breast surgeons and plastic surgeons but also primary
care physicians and radiologists, as they might be the first
doctors to evaluate the patient with symptoms.

Besides physician education, patient education is cru-
cial. ASPS provides plenty of information about BIA-
ALCL on its website [24], as well as other medical entities.
However, the most effective way to properly educate
patients is still through informed consent.

Informed Consent

In 2016, Clemens et al. [42] published a study regarding
the importance of the informed consent document, which
was followed by a joint statement from the International
Society of Aesthetic Plastic Surgery (ISAPS), ASPS, and
American Society for Aesthetic Plastic Surgery (ASAPS)
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Fig. 8 Surgical treatment of BIA-ALCL. Subglandular polyurethane implant in place and removed. Total capsulectomy and explantation (from

the authors)

[43], which resulted in the inclusion of information about
BIA-ALCL risk in the informed consent document, as well
as other suggestions of best practices.

The informed consent document must contain data
regarding risk disclosure for development of BIA-ALCL,
with the main objectives of making the patient aware of the
disease, to educate the patient about the possible symptoms
of the disease, particularly late seroma, and to instruct the
patient to follow up with the plastic surgeon annually.

As of 2019, no patient should have been submitted to
breast implant procedures without a clear preoperative
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discussion about BIA-ALCL and a regularly updated risk-
wise informed consent.

Prevention

As increasing evidence connects the role of sustained
T-cell response to implant bacteria/biofilm in the growth of
BIA-ALCL, reducing the number of bacteria around
implants is an essential step for prevention. Studies showed
that methods to decrease the number of bacteria around
implants reduced the incidence of capsular contracture to
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Fig. 9 Surgical treatment of BIA-ALCL on Subglandular Silimed polyurethane implant. Total capsulectomy. Capsular incision showing the

aspect of the seroma (from the authors)

less than 1% [9, 18, 47]. As formerly noticed, BIA-ALCL
is hypothesized to undergo a process similar to that of
capsular contracture. Consequently, the same techniques
that reduce bacterial contamination around implants will
likely reduce the risk of implant-associated ALCL. Adams
et al. [9] suggested a 14-point plan to reduce the risk of
BIA-ALCL, as follows: (1) use of intravenous antibiotic
prophylaxis at the time of anesthetic induction; (2) avoid
periareolar/transaxillary incision; (3) use of nipple shields
to prevent spillage of bacteria into the pocket; (4) conduct
careful atraumatic dissection to minimize devascularized
tissue; (5) perform careful prospective hemostasis; (6)
avoid dissection into the breast parenchyma; (7) use a dual-
plane pocket; (8) perform pocket irrigation with proven
betadine triple-antibiotic solution, non-betadine triple or
50% solution (1:1 dilution povidone—iodine or stronger);
(9) minimize skin contamination; (10) minimize implant
open time and replacement of implant or sizers; (11)
change surgical gloves before handling and use new or
cleaned instruments and drapes; (12) avoid using a drain
(augmentation); (13) use a layered closure; and (14) use
antibiotic prophylaxis to cover subsequent procedures that
breach skin or mucosa. By adopting this strategy in 42,000
macrotextured implants, Adams et al. [9] had no recorded
cases of BIA-ALCL.

Swanson [45], however, refuted almost all of the 14
points and pointed out that they focus on blaming plastic

surgeons for failing to observe adequate surgical sterility
rather than analyzing the device itself for fault. He rec-
ommended banning textured devices, which are, according
to him, the only factor known to be unambiguously asso-
ciated with BIA-ALCL [46].

The Crisis of Textured Implants

As mentioned above, the development of BIA-ALCL
seems to be associated with at least three factors: a textured
breast implant, bacterial biofilm, and individual genetic
predisposition [5].

In December 2018, the French Agency for the Safety of
Health Products (ANSM) declined to renew the CE mark
for Biocell and Microcell implants (Allergan, Dublin, Ire-
land), removing the products from 37 countries [47]. In
April 2019, the ANSM banned all macrotextured or poly-
urethane-coated breast implants, thus impacting Sebbin,
Polytech, Nagor, Eurosilicone, Arion, and Allergan [40].
However, after an advisory meeting on breast implant
safety, the FDA issued a letter in May 2019 stating that “at
this time FDA does not believe that, based on all the
available data, any device meets the banning standard”
[48]. In July 2019, the FDA-updated database reported 573
cases of BIA-ALCS, with 116 new cases and 24 new
deaths worldwide since the previous communication in
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March 2019 and recommended a voluntary recall of Bio-
cell products in the USA. Allergan responded by issuing a
global recall. Microcell and smooth implants were not
subjected to the recommendation [49].

There seems to be a cyclic pattern of breast implant
crises [50, 51] with implant brands being approved and
then removed from the market, considerably harming
patients that were already submitted to psychological stress
and revision/removal surgeries [50]. The first crisis
involved Dow Corning in 1982 [50] after reports that breast
implants were related to autoimmune diseases. The second
crisis, in 2010, occurred after investigations showed that
Poly Implant Prothése (PIP) implants contained a cheap,
nonapproved industrial-grade silicone [50]. Over 600,000
patients were affected in 65 countries. It seems that the
third crisis is currently affecting textured implants due to
BIA-ALCL. Nonetheless, how can we avoid the next cri-
sis? We believe it is possible to prevent such crises, but
only if we start a mandatory worldwide collection of breast
implant data and strengthen their registry.

Breast Implants Registry

Due to the rarity of BIA-ALCL, collecting case reports in
shared databases represents the only available method to
obtain data about this lymphoma [36]. Several efforts have
been made in this direction [52]. Australia [53], New
Zealand, Italy, the Netherlands, and the USA have created
consistent breast implant registries. In the USA, a registry
named PROFILE (Patient Registry and Outcomes For
breast Implants and anaplastic large cell Lymphoma Eti-
ology and Epidemiology) has also been created. Italy’s
Ministry of Health created the DISPOVIGILANCE [54], a
dedicated online database to notify cases of BIA-ALCL.
However, in most countries, there are no registry systems
for breast implants. The Brazilian breast implant market is
the second largest in the world, with several manufacturers
and almost exclusively textured implants, and yet there are
no more than a dozen reported cases [55]. Ramos-Gallardo
[35] reported seven cases at the 2017 Mexican plastic
surgery annual meeting, questioning the lower number of
reported cases in Latin America, as there is a significant
mismatch of incidence compared to Australia or the USA,
which leads to the question whether there are actual dif-
ferences between populations or Latin American physi-
cians simply are not ready to identify BIA-ALCL cases.
We know many locations in Latin America do not have
access to laboratories with flow cytometry, so the diagnosis
relies only on pathological analysis, sometimes resulting in
false negatives [35]. Notification of BIA-ALCL in Brazil is
not well structured, leading to underreporting. Teixeira
[55] reported 11 confirmed cases in Brazil. Breast and
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plastic surgeons must work together to improve the registry
of breast implants. Such an effort would allow the collec-
tion of detailed and robust data that could be shared
internationally [56], contributing to the assessment of the
safety of breast implants and elucidation of breast implant-
associated disorders, including BIA-ALCL. The Interna-
tional Collaboration of Breast Registry Activities (ICO-
BRA™) was proposed as an intermediary mechanism to
align the breast implant registries worldwide and, if suc-
cessful, may bring some aspired answers.

What We Know So Far

Because it was only after 2016 that BIA-ALCL was rec-
ognized as an independent disease by the WHO, new data
have been intensively published covering many aspects of
the lymphoma.

What is known, so far, is that this is a type of cancer
related to textured breast implants—not a strict sense breast
cancer [9]—that are placed for reconstructive or cosmetic
reasons, it usually appears 9 years after insertion and, if
diagnosed early, it has a chance of cure with surgery alone
[57].

Conclusions

The highest priority in breast surgery is the patient’s safety
and quality of life. We need to be aware and also make
patients aware of this disease. We also need to facilitate
early diagnoses because this is the key to the cure of BIA-
ALCL [7].

Although the occurrence of BIA-ALCL has pointed out
some important safety questions and brought some degree
of uncertainty, we must keep in mind that it is an
uncommon disease with good prognosis after implant
removal and capsulectomy [56]. BIA-ALCL research will
continue, and current theories will evolve. We need robust
data to determine the real risk, but, based on findings
available today, no data support the discouragement of the
use of breast implants. With the more robust breast reg-
istries around the world, new data may or may not support
the use of textured implants in the future. In markets where
the vast majority of breast implants used are textured, such
as the Brazilian market, the industry must start offering
smooth implants as well.

The Allergan recall in July 2019 [49] with the world-
wide removal of Biocell implants has created a crisis and
some panic, but it is our obligation as doctors to analyze
the data and numbers as they become available, besides
using the scientific method for doing so. There are no
recommendations for textured implant removal by any
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regulatory agency or medical society to this day [49];
however, as mentioned above, new data are becoming
available, and further studies are underway to assess the
specific risk associated with textured implants [12]. Thus,
we should continue to collect data regarding BIA-ALCL,
besides exploring and considering all benefits and risks
with the available breast devices, so that optimal and safe
patient outcomes can be achieved [7].
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