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Abstract

Every year, breast implants are inserted worldwide for reconstructive or aesthetic reasons. Breast implant-
associated anaplastic large cell lymphoma (BIA-ALCL) is a rather uncommon type of T cell lymphoma that is
positive for the CD30 biomarker. Despite being far more common than other primary breast lymphomas,
BIA-ALCL has a very low incidence. Textured types of implants have been linked to almost all cases. The
majority of patients have a favorable prognosis after the removal of implants and capsules. Nevertheless, the
chance of a fatal outcome is higher with capsular invasion and tumor bulk. Although the exact cause of BIA-
ALCL is unknown, it has been suggested that persistent infections or toxins related to the implants may play
arole. Therefore, physicians must be aware of breast implants' rare but potentially significant side effects.
Before surgery, patients with verified instances should be directed to a breast medical oncologist or
lymphoma specialist for oncologic assessment. Total en-bloc capsulectomy, a surgical procedure that
removes the implant and the surrounding capsule, is usually adequate. In other cases, a late diagnosis
necessitates more invasive surgery and systemic therapies, which, while typically effective, have been linked
to poor outcomes and even fatalities. Since it is a recently described entity and the "denominator” (i.e., the
total number of breast implant procedures) is unknown, it is challenging to determine the risk of
development. In this review, we hope to emphasize the elements of etiology, demography, clinical features,
and current treatment approaches for BIA-ALCL. In doing so, we hope to increase the medical professional's
knowledge of the recognition and treatment of BIA-ALCL.
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Introduction And Background

Breast implants have been a standard procedure to augment and reconstruct breasts all around the world in
recent years [1]. Annually, breast implants are given to more than 1.5 million women around the world [2].
An uncommon subtype of T cell non-Hodgkin lymphoma, called breast implant-associated anaplastic large
cell lymphoma (BIA-ALCL), typically develops in the fluid and the encircling capsule [3]. Keech and Creech,
in 1997, mentioned the patient with a McGhan textured saline implant who had the first case of BIA-ALCL
and displayed a 2-cm tumor that significantly affected the capsule. Following a complete capsulectomy and
modification of the implant, chemotherapy and radiotherapy were administered. According to reports, the
patient was tumor-free two years later [4]. Less than 1,000 cases and 36 fatalities have been reported to
date, and the average patient presents seven to 10 years after the initial insertion of the breast

implants [3,5]. The American Food and Drug Administration (FDA) revealed a potential connection between
breast implants and the emergence of BIA-ALCL in January 2011 [6,7]. It was introduced as a provisional
entity to the WHO Classification of Tumors of Hematopoietic and Lymphoid Tissues [8-10]. The FDA, in
association with the American Society of Plastic Surgeons and the Plastic Surgery Foundation, created the
Patient Registry and Outcomes for Breast Implants and Anaplastic Large Cell Lymphoma Etiology and
Epidemiology (PROFILE) registry, which finds more information to further define it [11,12]. The registry's
objective is to gather reliable patient data, such as (but not exclusively) pathophysiology, factors at risk, and
demographics, to encourage and support future research on the understanding of the condition [13]. By June
2022, the (PROFILE) registry has received reports of 389 suspected or confirmed BIA-ALCL cases in the
United States [5]. BIA-ALCL is frequently found many years after the breast prosthesis was placed, with the
mean period following implant surgery being about 10 years, which is suggestive of its indolent character
[14,15]. Despite advances in science, BIA-ALCL has a favorable prognosis and a relatively low mortality rate
compared to other cancers [16]. Anaplastic large cell lymphoma associated with breast implants is still
uncommon, and the risk factors are still unclear. To increase our understanding of this rare disease, ongoing
data gathering and collaborative care are crucial [17]. This review summarizes the most significant BIA-
ALCL-related findings and identifies the main areas that we think require additional study.

Review
Epidemiology

Numerous research conducted over the last 20 years has demonstrated that BIA-ALCL is a distinct type of
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invasive lymphoid tumor and that the rate of occurrence differs significantly around the globe [1]. The FDA
website update from August 20, 2020, notes that while it is still challenging to pinpoint the precise number
of BIA-ALCL cases, a thorough investigation has revealed that there have been 733 distinct confirmed cases
worldwide, including 36 reported deaths [5,18]. The lifetime chance of developing BIA-ALCL is 1:30,000 in
women who had breast implants that were textured, according to research [19]. Brody et al. analyzed the
whole of recent BIA-ALCL research, including 173 cases of the condition. The demographics, accompanying
skin lesions, and tissue culture data showed a probable unusual genetic susceptibility. The common
characteristics appear to be the texturing of the silicone breast implant surface, suggesting a site and
material-specific chronic inflammatory etiology with biofilm organisms as potential participators.
Furthermore, there were no reports of the illness before the invention of surface-textured implants [1,4,15].

It has been challenging to estimate the incidence and frequency of BIA-ALCL due to its rarity and patchy
reporting. An odds ratio of 18.2 indicates that individuals with implants were 18 times more likely to develop
the disease than patients without breast implants in a Dutch-based study conducted in 2008 that revealed a
link between implants and the disease [20,21]. It has received significant public and media focus despite its
rarity. In December 2018, France's National Agency for the Safety of Medicines and Health Products

(ANSM) and Health Canada initiated the review and outlawed the sale of macro-textured implants which
were linked to BIA-ALCL, and a voluntary recall was ordered across 33 nations [3]. The prohibition is being
implemented by the ANSM as a "precautionary step”, even though it has not established a causal connection
between BIA-ALCL and textured breast implants. Furthermore, all implant manufacturers doing business in
France were urged by ANSM to provide comprehensive safety information for textured implants within the
next year, failing which their products will not be sold in France [2]. Other manufacturing companies'
textured implants have also been linked to cases, and textured implants with a large surface area were linked
to an increased chance of BIA-ALCL. Due to this, the FDA decided to utilize standardized informed consent
in 2020 and to issue a disclaimer with a black box for breast implant packages and also stated that despite
the new warning, it does not advise women to remove their breast implants. However, the organization
advises women to keep an eye on their implants and to seek medical attention if they observe any unusual
changes [3,22].

Etiology and pathogenesis

Although the pathophysiology of BIA-ALCL is not fully known, current research is consistent with the
notion which states that the development of BIA-ALCL is probably a complicated system with many etiology
[13]. All documented cases with textured implants [13,23] were originally launched during the 1970s with a
coating made of polyurethane which increased the likelihood of contraction of the capsule and BIA-ALCL
due to bacterial attachment. Later in the 1980s, silicone-filled textured implants were introduced in an effort
to lessen the likelihood of contraction of the capsule [24,25]. Clinically, implant texturing may lower the risk
of capsular contracture after augmentation and increase implant stability on the chest wall. Emerging data,
however, shows that the majority of BIA-ALCL cases were recorded in patients who had textured implants,
suggesting that implant texturization may be a risk factor for the development of BIA-ALCL [1]. According to
Loch-Wilkinson et al., Siltex textures (Johnson & Johnson, New Brunswick, New Jersey) have a lower surface
area than polyurethane (Silimed, Rio de Janeiro, Brazil) and Biocell textures (Allergan, Dublin, Ireland). In
Australia and New Zealand, Polyurethane (Silimed) textured implants had a 10.84 times greater risk of BIA-
ALCL compared to Biocell textured implants, which had a 14.11 times higher risk [22].

Uncertainty exists regarding the pathophysiology of BIA-ALCL. According to the majority of data, breast
implants cause chronic immunological stimulation. Here, we examine the immunity-mediated features of
BIA-ALCL with its possible initiating factors.

Immunological Factors

It is said that innate and adaptive immunological systems appear to work together for the creation of BIA-
ALCL. In those people who have a genetic predisposition to the disease, the shell particle of the textured
implants causes chronic T cell and phagocytic cellular aggregation, which results in chronic inflammation
and immunological dysregulation. This collection of T cells might be in close proximity to the silicone
substance, which may eventually cause them to become sensitive to particles composed of silicones or their
subsequent proteins, triggering a response to the antigen and its presentation in T cells [26]. Monocytes and
T lymphocytes are mainly infiltrated close to the surface of biomaterials, where they release IL-4, IL-13, and
other substances as a result [6,27]. Additionally, the immunological response involves T-helper cell
activation of Th1 and Th17, which helps in drawing in macrophages and attracting neutrophils to
extracellular infections, respectively. A research study of whole exome sequencing performed on

DNA extracted from cytology fluid and germline DNA of two patients with effusion-limited BIA-ALCL
revealed mutations in JAK1 and STAT3 as well as a germline JAK3 mutation, the latter of which suggested a
potential genetic susceptibility for the development of this lymphoma [28,29]. Chronic inflammation
brought on by the ongoing processing of antigens may result in immunological dysregulation, cell
proliferation, formation of foreign body giant cells (FBGCs) with a higher chance of genetic mutation, and
ultimately cancer (Figure 1) [26].
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FIGURE 1: Flowchart showing possible immunological hypothesis of
BIA-ALCL

BIA-ALCL - breast implant-associated anaplastic large cell lymphoma

The figure is created by author.

Possible Association With Sub-clinical Bacterial Infection

Some cancer instances may be caused by infections, according to some theories. However, any direct link
between bacterial infection and the disease hasn't been established. BIA-ALCL being brought on by
infections is thus a possibility [6]. Recent research indicates that antigenic stimulation may be responsible
for prolonging an extended period of inflammation caused by several bacteria, including Staphylococcus and
Ralstonia pickettii [19,30,51]. Gram-positive bacteria (Staphylococcus spp.) predominated in the analysis of
contracted implant capsule specimens conducted by Collett et al., while Gram-negative bacteria
predominated in the analysis of BIA-ALCL (principally Ralstonia pickettii and Pseudomonas spp.). He came to
the conclusion that Gram-positive bacteria can encourage capsular contractility, whereas Gram-negative
bacteria can trigger lymphocyte simulation and, finally, transformation [15]. Even while some evidence
suggests that microorganisms play a part in the etiology of BIA-ALCL, this theory has not received
widespread recognition and shouldn't be presented in isolation from other aspects, such as potential genetic
impacts. Viruses, one of the recently hypothesized triggers not included here, may additionally aid in the
emergence of BIA-ALCL and demand more investigation [32]. The medical community will eventually be
able to increase awareness and expertise with the intent of optimizing the care of the patients thanks to
cooperative research on this rare disease [16].

Plausible Role of Friction of Implants

Data on various prosthetic materials used in orthopedics led to the assumption that the force of friction
exerted using implants on tissue may play a function [19]. Hallab and associates, in 2019, concentrated on
the connection between the sustained period of inflammation in BIA-ALCL and orthopedic implants.
Orthopedic implant wear generates debris, which stimulates macrophages, causes them to phagocytose,
activates inflammasomes, and releases cytokines from the interleukin family. In animal models, particles
made up of silicone can cause a comparable inflammatory pattern, but this causes lesser reactions than
orthopedic implants made of metal, and there is no proof that silicone orthopedic implants contain an
analog of BIA-ALCL. Because of this, other mechanisms need to be researched [33].

Can the Three Factors of Texture, Friction, and Biofilm Be Connected to One Another?

Efanov et al. investigated double-capsule specimens in 2017 and proposed a mechanical representation of
their origin. The breast implant is constantly under involuntary stress; in textured implants, a separation
from nearby tissue might occur, while the macrotexture dictates disorganization and fractures in the
collagen matrix of the double capsules. As a result, a fresh delaminated capsule develops on the lateral
aspect of the breast. Implants that have macro-texturing on one side and a smooth surface on the other may
reduce the mechanical shear forces that led to these results. However, double capsule and late seroma
associated with an anaplastic large cell lymphoma appears to be very rare [34].

Clinical features

The primary and most prevalent pathogenic manifestation of BIA-ALCL is in situ development of seroma.
These appearances may frequently be mistaken for harmless seromas. Other form includes intrusive disease,
which can involve a perceivable breast mass or tumor or lymphadenopathy without a mass. Occasionally,
patients manifest with skin eruption, discomfort, contracture of the capsule, or localized involvement of
lymph nodes [17]. Because lymph node involvement indicates either progressive or chronic disorder, it has a
significant impact on the prognosis of BIA-ALCL. Patients without lymph node involvement have a survival
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rate of 97.9 percent, but cases with lymph node involvement have a much lower survival rate of only 75%
[6,35]. The depth of invasion, or the extent of the disease, seems to be the strongest prognostic factor. In
contrast to patients with a mass and extracapsular extension, who have a worse prognosis, a lower chance of
achieving complete remission, and a higher risk for recurrence and death, patients with BIA-ALCL in
effusion or confined to the fibrous capsule appear to have long-term survival with appropriate treatment
[8,36]. Immunophenotyping, Epstein-Barr virus (EBV) negativity, and T cell receptor (TCR) clonal
modifications are used to distinguish BIA-ALCL from other T cell lymphomas [37].

Workup and diagnosis

A detailed guideline covering the evaluation of patients with a recent suspicion or confirmation of BIA-
ALCL was compiled. The most frequent modality used to make the diagnosis is ultrasound-guided fine-
needle aspiration because a major number of cases initially appear with a seroma encircling the implant
[3,11]. Using ultrasound, the breasts, chest wall, and local lymph nodes should be examined in late-onset
seromas (more than one year) [38]. It is significant to note that ultrasound is the recommended diagnostic
tool rather than mammography because of ultrasound's superior sensitivity for detecting BIA-ALCL-
associated effusion and mass [39,40]. Ultrasound-guided imaging and magnetic resonance imaging were
discovered to be the most successful techniques for locating the tumor and clearly identifying them, as said
by Adrada et al. when comparing and verifying the sensitivity and specificity of several imaging techniques
for mass related to BIA-ALCL. The researchers found that the range values of sensitive/specific indicators for
finding an effusion by magnetic resonance imaging and ultrasonography were 84%/75% and 82%,/33%,
respectively [13,41]. Mammography, however, can be used to check for any potential breast masses as well as
diagnosis, such as breast cancer, even though it is comparatively less sensitive and specific for BIA-ALCL
[42]. Computed tomography or magnetic resonance imaging scans may help with the detection of soft tissue
when ultrasonography is inconclusive [38]. Magnetic resonance imaging could be useful in the planning of
surgery if a mass is present. Excisional biopsies of questionable lymph nodes and positron emission
tomography (PET)/CT staging to check for any metastatic involvement may be included in further workup
[23,39,43].

Diagnosis and Histopathology

Aspiration of seroma fluid under ultrasound guidance using cytological methods, flow cytometry, and
interpretation of the results, especially for the expression of CD30 cell surface protein, facilitates the
diagnosis [44]. Malignant cells consistently express CD30 and lack ALK. CD4 and CD43
immunohistochemistry (IHC) staining is positive in more than 80% of cases. IHC staining reveals positive
results for CD3, CD45, and CD2 in 30% or more of patients. In some situations, CD15 and PAX-5 results may
be positive, raising the possibility of a conventional Hodgkin's disease, particularly when infiltrative illness
is present [17]. Large pleomorphic cells with lots of eosinophil granules embedded in the cytoplasm along
with horse-shoe shaped nuclei (considered as hallmark cells) with noticeable nucleoli may be seen as the
morphological and histological feature of malignant cells of BIA-ALCL [21,26,36].

The presence of a small amount of periprosthetic fluid may be typical and frequent surrounding breast
implants. Despite the fact that more liquid results in a precise diagnosis, 10 to 50 mL should be used at least
to adequate material to allow for the creation of the smears [11]. Centrifugation is used to separate cells
from fluid samples and create cytospins, which are then colored for better examination [42]. To allow
Hematoxylin and Eosin stain and investigation of formaldehyde and wax-enclosed portions or cuts,
preparation of a cell block is preferred. This is due to the possibility that a large number of the antibodies
required for the confirmation of BIA-ALCL could possibly be not verified on the slide, which is left to air-dry
under a cytocentrifuge [11,45]. Since breast implant-associated anaplastic large-cell lymphoma is an
unusual disease entity that few institutions are familiar with, consulting a specialist in hematopathology is
crucial. It is best to send suspicious pathology samples to an experienced pathologist for review. Prior to the
review, the pathologist should be informed that there is a possibility that the patient has BIA-ALCL since
specific cell markers that might otherwise not be requested may be useful for identification. It is also advised
that if the primary examination is inconclusive, a second opinion from a hematopathologist be sought after
[17]. Using BIOMED-2 primers, T cell receptor (TCR) clonal modification is the cornerstone of a molecule-
based test in the assessment of potential BIA-ALCL [46]. In order to assess the degree of invasion through
the capsule and into neighboring tissues, sections and sampling should be collected from mass lesions. If
there are no detectable mass lesions, but there is a strong presumption of BIA-ALCL, the whole capsule
needs to be sent in order to further examine for any potential subtle involvement of BIA-ALCL [13,47].

Staging

The modified version of the Ann Arbor staging system, including BIA-ALCL, has historically been employed
to indicate the severity of disease in lymphoma [17]. The amendment to the Ann Arbor staging system has
stage IE for illness restricted to the capsule and stage IIE for restriction to the capsule and regional
lymphatics of the same side [13,48]. Most BIA-ALCL patients, or 83 to 96 percent, are classed as having stage
IE disease using this modified staging approach, meaning that their disease is in an early stage [49]. The
guidelines proposed by the MD Anderson Cancer Center and supported by the National Comprehensive
Cancer Network (NCCN) have officially endorsed the new staging approach utilizing the classification of
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tumor, lymph node, and metastasis (TNM) as shown in Table 7 [3,17,44].

TNM or stage designation Description

T1 Limited to effusion or involvement of luminal surface of the capsule
T2 Early infiltration of capsule

T3 Cell aggregates or sheets penetrating the capsule
T4 Infiltration of lymphoma beyond the capsule

NO No involvement

N1 One regional lymph node involved

N2 More than one regional lymph node involved

MO No distant sites involved

M1 Spread of disease to distant sites

Stages

Stage IA T1NOMO

Stage IB T2NOMO

Stage IC T3NOMO

Stage IIA T4NOMO

Stage II1B T1-3N1MO

Stage IlI T4N1-2MO

Stage IV T1-4NO-2M1

TABLE 1: Proposed TNM staging classification of BIA-ALCL

T - tumor extent (penetration of capsule), N - lymph node, M - metastasis [3], TNM - tumor, lymph node, and metastasis, BIA-ALCL - breast implant-
associated anaplastic large cell lymphoma

According to this more recent classification, patients with stage I BIA-ALCL may only have effusion-limited
disease, early penetration of the capsule, or a collective mass that is capsule-limited. IA, IB, and IC patients
who have stage I illness do not have metastatic disease or nodal infiltration. Stage II illness (IIA or IIB)
patients may additionally have tumors that localize invasion external to the capsule or are affected by a
single nodal involvement. Stage III illness is characterized by the involvement of localized invasion of lymph
nodes and local tumor external to the capsule.

Treatment

Before undergoing any surgical procedure, the patient who has been diagnosed with BIA-ALCL should be
referred to a breast medical oncologist or lymphoma specialist for a thorough oncologic inspection [13].
There isn't yet a standard of care for BIA-ALCL treatment. Consideration of the advantages and
disadvantages of each strategy is necessary on a case-by-case basis, with collaborative decision-making,
taking into account the level of concern, the differential diagnosis, and the morbidity associated with
treatments such as total en-bloc capsulectomy. This may result in a pneumothorax in up to 4% of instances,
the potential for chronic pain, and serious cosmetic consequences [42].

More than 85% of those who have BIA-ALCL have stage I disease, which usually presents within the seroma,
capsule, or both [3,50]. A whole en bloc surgical removal of the capsule and implant under surgical care in
these patients is linked to a five-year disease-free interval and no further therapy [3]. The contralateral
implant should also be taken into account during removal [17]. Additionally, due to the possibility of
bilateral illness, it is advised that the contralateral implant be removed. Otherwise, a sentinel lymph node
biopsy cannot rule out metastases since the breast implant capsule can drain into numerous local lymph
nodes. When a clinical examination or imaging results point to the involvement of lymph nodes, the
dissection of the axillary lymph nodes should be taken into account. To avoid a local recurrence, every effort
should be taken to complete the surgical excision [6]. The mass should be fully removed, and the surgical

2022 Bewtra et al. Cureus 14(10): e30516. DOI 10.7759/cureus.30516 50f8



Cureus

margins should be examined for signs of cancer [13]. For limited-stage illness, postoperative chemotherapy,
radiotherapy, or both are not deemed required [13]. The ideal course of treatment is still unknown for those
who have advanced disease (stage II or higher upon presentation) [3]. An expert team of surgeons,
oncologists, and radiation therapists should make the choice to include adjuvant therapy in a patient's
treatment strategy. Radiation therapy or systemic chemotherapy are examples of adjuvant therapies [17].
The adjuvant setting has been documented for brentuximab vedotin as well [3,13]. As the first line of
standardized therapy for systemic ALCL, the majority of cases with severe illness have been given the
traditional cyclophosphamide, doxorubicin, vincristine, and prednisone (CHOP) regimen [13]. A
multidisciplinary, tailored strategy should be used in every instance because our understanding of this
disease is insufficient. For the first two years, patients should receive clinical follow-up every three to six
months and imaging every six months [23,39].

Conclusions

BIA-ALCL is still a rare entity that affects people who have textured breast implants. Its scarcity creates
more difficulty in terms of its diagnosis. The etiology of the disease and a clear understanding of its
underlying causes and still unknown and need more study. Reconstructive surgery is commonly performed
on individuals who have had major life-altering events, such as the diagnosis and treatment of breast cancer,
and thus may be influenced by significant emotional links. For the purpose of determining potential risks
and preventing future occurrences of this disease, more research is essential. Patients should get education
and have access to reliable resources so they can be well informed before providing their consent for surgery
in order to keep our commitment to patient safety. All positive cases and incidents ought to be notified to
the authorities and reported.
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