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a b s t r a c t 

Breast implant-associated anaplastic large cell lymphoma (BIA- 

ALCL) is a CD30-positive, anaplastic lymphoma kinase-negative T- 

cell lymphoma. Where implant history is known, all confirmed 

cases to date have occurred in patients with exposure to textured 

implants. The etiopathogenesis of BIA-ALCL is likely to be mul- 

tifactorial, with current evidence-based theories recognising the 

combination of chronic infection in setting of textured implants, 

gram-negative biofilm formation, chronic inflammation, host genet- 

ics (e.g. JAK/STAT, p53) and time in tumorigenesis. Proposed trig- 

gers for the development of malignancy are mechanical friction, 

silicone implant shell particulates, silicone leachables and bacte- 

ria. Of these, the bacterial hypothesis has received significant at- 

tention, supported by a plausible biological model. In this model, 

bacteria form an adherent biofilm in the favourable environment 

of the textured implant surface, producing a bacterial load that 

elicits a chronic inflammatory response. Bacterial antigens, primar- 

ily of gram-negative origin, may trigger innate immunity and in- 

duce T-cell proliferation with subsequent malignant transformation 

in genetically susceptible individuals. Future research, investigating 

BIA-ALCL genetic mutations and immunological modulation with 

Abbreviations: BIA-ALCL, Breast implant-associated anaplastic large cell lymphoma. 
∗ Corresponding author at: Suite 301, 2 Technology Place, Macquarie University, NSW 2109 Australia. 

E-mail address: anand.deva@mq.edu.au (A.K. Deva). 

https://doi.org/10.1016/j.jpra.2021.11.006 

2352-5878/© 2022 The Author(s). Published by Elsevier Ltd on behalf of British Association of Plastic, Reconstructive and 

Aesthetic Surgeons. This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 

https://doi.org/10.1016/j.jpra.2021.11.006
http://www.ScienceDirect.com
http://www.elsevier.com/locate/jpra
mailto:anand.deva@mq.edu.au
https://doi.org/10.1016/j.jpra.2021.11.006
http://creativecommons.org/licenses/by-nc-nd/4.0/


S.S. Lajevardi, P. Rastogi, D. Isacson et al. JPRAS Open 32 (2022) 34–42 

Gram-negative biofilm in BIA-ALCL models is warranted to estab- 

lish a unifying theory for the aetiology of BIA-ALCL. 
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ntroduction 

Breast implant-associated anaplastic large cell lymphoma (BIA-ALCL) is a recently recognised and

istinct malignancy of T lymphocytes exclusively associated with textured breast implants used for

oth aesthetic and reconstructive surgery. 1 There is a spectrum of disease presentation, with the most

ommonly occurring as a seroma with an indolent course. A less common presentation occurs as lo-

ally advanced mass disease or rarely as metastatic disease. The pathognomic histological response

o breast implant insertion is benign capsule formation. Smooth surface implants are associated with

igher rates of benign capsular contracture, 2 , 3 because they predispose to a planar arrangement of

broblasts with organised collagen deposition around implants. By contrast, textured implants typi-

ally have grooves larger than the diameter of a fibroblast, 4 , 5 disrupting the planar arrangement of

ells and reducing the risk of capsular contracture. Surface texturing on the external silicone shell of

reast implants may involve salt loss, gas diffusion, imprinting and other recent proprietary “nano”

exturing techniques. 6 , 7 

The exact pathogenic mechanisms surrounding BIA-ALCL are unclear. Prevailing theories recognise

he role of the breast microbiome and textured implants, which potentially trigger malignant transfor-

ation in the milieu of sustained antigen-driven inflammation. Despite the reduction of capsular con-

racture rates with implant texturisation, 2 , 3 their greater surface area and rough interface enhances

acterial adhesion and biofilm burden. 8 , 9 

naplastic large cell lymphoma 

Primary breast lymphomas are rare, accounting for 0.04%–0.5% of all breast cancers. 10 , 11 The vast

ajority of these lymphomas are derived from B-lymphocytes and less than 10% are of T-cell ori-

in. 10-12 Anaplastic Large Cell Lymphoma (ALCL) is a subset of T-cell lymphoma that includes sys-

emic, primary cutaneous and breast implant-associated subtypes. Systemic ALCL is further sub-

ategorised according to the expression or absence of the anaplastic lymphoma kinase (ALK) pro-

ein; ALK-positive disease is most commonly the result of 2p23/ ALK aberrations, including the clas-

ic t(2;5)(p23;q35)/ NPM1-ALK translocation. Systemic ALCL with negative ALK expression confers a

oor prognosis with a reported 5-year estimated survival of 40%–60%. 13 Cutaneous ALCL falls with

he group of so-called primary cutaneous CD30-positive lymphoproliferative diseases that include the

ery indolent condition of lymphomatoid papulosis which manifests as spontaneous waxing and wan-

ng skin papules that self-resolve, to the potentially more aggressive primary cutaneous ALCL. Impor-

antly, and unlike its systemic counterpart, primary cutaneous ALCL is typically ALK-negative yet has

 comparably very favourable 10-year survival rate of 90%. 14 BIA-ALCL is a CD30 + , ALK-negative lym-

homa with a typically indolent progression. 15 In summary, although the spectrum of ALCL has a

imilar histological appearance, their clinical behaviour across the various types varies widely. 

mmunology 

A cogent synthesis of BIA-ALCL pathobiology warrants a brief overview of the relevant T cell im-

unology. 
35 
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-cell development and activation 

The T lymphocyte coordinates the adaptive immune response and together with the B lymphocyte,

s responsible for generating immunologic memory against pathogens. T-cell programming is con-

rolled by the T-cell receptor (TCR), which is generated by recombination of genomic DNA sequences

n the thymus. 16 Thymic progenitors rearrange the TCR genes in a temporal and location-specific man-

er. 17 These naïve cells migrate from the thymus to secondary lymphoid tissues (e.g. spleen, lymph

odes) and are then activated by the coordinated interactions between an antigen-presenting cell,

hich binds an antigen to a major histocompatibility (MHC) class I or II molecule. 16 The TCR (com-

osed of two chains, α and β) associates with a complex of membrane glycoproteins proteins, the

luster differentiation (CD) family, to stabilise the antigen and MHC complex into an immunological

ynapse. Other co-stimulatory signals are required for complete T-cell activation. 16 

-cell differentiation 

The initial differentiation from a naïve T cell either into a T helper (CD4 + ) or T cytotoxic (CD8 + ).

nce activated, the CD4 + cells can further differentiate into a number of subsets including Th1 (in-

racellular viral and bacterial pathogens), Th2 (large extracellular pathogens and allergic response),

h9 (parasitic infections), Th17 (mucosal immunity and autoimmune disorders), Th22 (inflamma-

ory skin disorders), T FH (follicular helper T cells regulate B cell activity) and Treg (inhibit pro-

nflammatory T cells). 16 Although T-cell lymphomas have been associated with viral infection such

s EBV infection (Nasal NK lymphoma, Hydroavaccineforme-like lymphoma) and HTLV-I (Adult T-cell

ymphoma/leukaemia), no viral elements (i.e. EBER) have been found in BIA-ALCL to date. 

athogenesis 

The prevailing hypothesis for BIA-ALCL formation unifies biofilm, implant texturing, chronic in-

ammation, and genetics in tumourigenesis ( Fig. 1 ). Chronic antigenic stimulation is a key initiator

nd driver of lymphogenesis. 18 

hronic inflammation 

Although the exact pathogenesis of BIA-ALCL has not been delineated, chronic inflammation has

een hypothesised as a precursor to tumourigenesis. A sustained antigenic stimulus promotes a

hronic inflammatory milieu, associated with the induction of reactive oxygen and nitrogen species,

icroRNA instability and epigenetic changes, promoting genetic instability 19 ( Fig. 1 ). There is evidence

hat cutaneous T-cell lymphomas are preceded by chronic inflammation. 20 Similarly, the biological

eptide, gluten, in combination with the intestinal microbiome, has been shown to drive T-cell recep-

or changes in patients with coeliac disease towards T-cell lymphoma transformation. 21 , 22 

Supporting the chronic inflammation hypothesis, Lechner et al. 23 detected high production of T-

ell-associated cytokines IL-6 and IL-10 in their BIA-ALCL model. Autocrine IL-6 production has also

een identified as a driver of tumourigenesis in some diffuse large B-cell lymphomas, as well as

olid tumours including breast, lung and ovarian carcinomas. 24 , 25 Moreover, Kadin et al. 26 confirmed

 Th17/Th1 phenotype of BIA-ALCL tumour lymphocytes, supporting the potential role of antigenic

timulation and chronic inflammation. Furthermore, Wolfram et al. 27 showed intracapsular T cells pro-

ucing IL-17, IFN- ϒ, IL-6, IL-8 and TGF- β , suggesting a Th17/Th1 weighted local immune response in

ilicone implants with capsular fibrosis. Nonetheless, it is clear that more research is required to eval-

ate the cytokine milieu and cellular phenotype of this condition. 

iofilm, implant texturing and the ALCL microbiome 

The observation of chronic inflammation and the Th17/Th1 phenotype of BIA-ALCL lymphocytes

upports the potential association between bacterial biofilms and tumourigenesis. 17 Other potential
36 
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Fig. 1. A unifying hypothesis for BIA-ALCL, recognising the potential role of biofilm, chronic inflammation, textured implants 

and genetics. 
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rivers of chronic inflammation include silicone particles, 27 , 28 friction 

29 and heavy metals. 30 With re-

ard to silicone, there is no data to show that silicone particles or implant surfaces alone can initiate

n immune response, sufficient to drive a T cell to malignancy. 31 Regarding biofilms specifically, mi-

robial adhesion to implant surfaces is facilitated by mechanical factors (pili/ flagellae) and bacterial

ecretion of extra-cellular polysaccharide (EPS) matrix. Following attachment, bacterial proliferation

nd EPS matrix synthesis occurs, resulting in the formation of highly structured microcolonies. 3 , 9 , 32

ispersion of biofilm cells through active or passive detachment may contribute to local extension

ver the implant surface. The biofilm architecture contributes to host-resistance and survival advan-

ages. 3 , 9 , 20 , 32 The recruitment of macrophages and myofibroblasts, within the chronic inflammatory

ilieu, contributes to fibrous capsule formation around the implant. 33 

A hypothesis involving the role of bacteria in the aetiology of BIA-ALCL has been proposed 

34 , 35

 Fig. 2 ). In this model, colonisation by bacteria of textured implants having a high surface area pro-

uces a biofilm, which, when the bacterial load exceeds a certain threshold value, leads to chronic

ntigen stimulation in genetically susceptible individuals. Eventually transformation occurs, leading to

he emergence and proliferation of monoclonal CD30-positive ALK-negative T cells and the develop-

ent of BIA-ALCL. Dysregulation of the JAK1/STAT3 pathway in affected cells is likely involved, and
37 
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Fig. 2. Proposed hypothesis for the genesis of BIA-ALCL. 
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he observed process is a slow one, typically requiring 8–12 years between implantation and BIA-ALCL

iagnosis. 34 , 35 

All reported cases of BIA-ALCL have exclusively occurred in textured implants. 36 Despite the ben-

fits of tissue incorporation with texturisation, several in vitro studies have reported higher rates

f biofilm formation in textured implants compared to smooth implants. 4 , 37-39 This is attributed to

heir greater surface area and the enhanced bacterial adhesion on rough surfaces. Hu et al. 8 reported

hat contamination of textured implants supports 30 times more biofilm bacteria than contaminated

mooth implants. The authors also showed a linear correlation between the bacterial load in implant

apsules and the number of activated lymphocytes and bacterial burden. The correlation was strongest

or CD4 + T cells, the same phenotype as BIA-ALCL tumour cells. 8 

Despite the antigenic stimulus and incumbent T cell proliferation, not all implant-associated

iofilms and their capsules develop a malignant progeny ( Fig. 1 ). In a study evaluating the microbiome

f BIA-ALCL and non-tumour capsule samples, Hu et al. 9 reported a gram-negative shift in ALCL spec-

mens, with significantly greater proportions of Ralstonia spp. observed. Ralstonia spp., which are non-

ermenting gram-negative bacilli found in soil and water, have been reported in nosocomial infections

esulting from contamination of medical solutions. 9 , 40 Contrastingly, Staphylococcus epidermidis, a nor-

al constituent of skin and endogenous breast microflora, is the most frequently identified organism

n benign breast capsules. 41-45 Reflecting these contrasting microbiomes, Hu et al. 9 hypothesised two

athways of inflammation associated with breast implants: i) Gram-positive biofilm favouring fibrosis

nd capsular contracture formation and ii) Gram-negative biofilm favouring potential T-cell oncogene

ctivation and malignant transformation (BIA-ALCL) 

elicobacter pylori: an exemplum of microbiome induced malignancy 

The association between Ralstonia spp . and BIA-ALCL parallels the link between H. pylori and lym-

homas of gastric mucosa-associated lymphoid tissue (MALT). Like the Ralstonia spp., H. pylori is also

 non-fermenting gram-negative bacillus. 40 Chronic inflammation induced by H. pylori, which is me-

iated by direct activation of T cells, drives B cell mutations in MALT tissue leading to the emer-

ence of a neoplastic B cell clone. 8 , 46 H. pylori virulence factors such as cytotoxin-associated gene A

rotein deregulate intra-cellular signalling pathways, promoting tumourigenesis. 46 , 47 However, unlike
38 
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IA-ALCL, lymphoma arising from H. pylori infection is of B-cell origin. This cellular difference possibly

eflects the preferential activation of T-cell oncogenes in breast capsules in BIA-ALCL. 

acterial super-antigens and lipopolysaccharide 

Several hypotheses have recently been proposed to help explain the association between bacterial

ntigens and BIA-ALCL tumourigenesis ( Fig. 1 ). The lipopolysaccharide coat of gram-negative bacteria,

hich is linked to other infectious and autoimmune diseases, has been proposed as a potential ma-

ignant trigger. 48 Bacterial superantigens may also play a role in tumourigenesis. Superantigens bind

irectly to the outer leaflet of the MHC Class II and the variable β chain (V β) of the T-cell receptor,

ausing direct activation and hyperstimulation of T cells of all subtypes. 49 Unlike conventional anti-

ens that activate less than 0.01% of T cells, superantigens activate around 20% of quiescent T cells

ausing a massive induction of cytokine release and T cell differentiation through a preferential Th1

athway. 49 Importantly, bacterial superantigens have been shown to be the only means to restrict the

xpansion of polyconal T cells in the V β region. 50 Kadin et al. 51 showed an expanded CD30 + TCRV β
 cell population in a case of BIA-ALCL, potentially implicating a role for a yet undefined, bacterial

uperantigen. No such antigen has been identified for Ralstonia spp. or related species to date. 

Despite the associations, the observation of Ralstonia spp. in the microbiome does not prove cau-

ation of BIA-ALCL. Critics suggest that the Ralstonia spp. predominance in BIA-ALCL samples may

epresent an “opportunistic” infection drawn into the peri–tumoural region by chemotaxis or complex

ignal transduction. 52 , 53 Research investigating host-bacteria interaction and virulence is warranted. 

enetic mutations 

BIA-ALCL is likely a multifactorial disease of at-risk patients and a genetic predisposition for the

evelopment of BIA-ALCL continues to be explored. 

There have been recent reports regarding the somatic genetic lesions ( Fig. 1 ) associated with BIA-

LCL. 4 , 23 , 26 , 54-58 Moreover, some have postulated that germline mutations may predispose to this con-

ition. 54 , 59 , 60 Future BIA-ALCL genomic studies, investigating potential germline and somatic tumour

utations would be beneficial. 

anus kinase and signal transducer and activator of transcription (JAK-STAT) 

JAK-STAT pathway has been shown to mediate inflammation-associated cancers and been reported

o have a key role in BIA-ALCL. 61 The JAK-STAT pathway regulates embryonic development and sig-

alling and is implicated in cell proliferation, differentiation and apoptosis. 54 , 56 The pathway is dereg-

lated across various types of T-cell lymphomas; however, the extent of deregulation is significantly

igher in BIA-ALCL, 26 , 54 , 56 , 57 present in 60% of cases according to a recent larger study. 61 

The exact role of JAK/STAT signalling of oncogenesis in myoproliferative neoplasms is not under-

tood. The mutations cause a hereditary thrombocytosis, but haematopoiesis is polyclonal and individ-

als do not develop haematological malignancies or solid tumours, suggesting that JAK/STAT activation

lone does not drive malignant disease but are thought to promote survival of malignant cells. 62 The

onsistent activation of the JAK-STAT3 pathway also suggests potential therapeutic options for BIA-

LCLs. 

Several factors are likely to contribute to dysregulation of JAK-STAT. A loss of function SOCS1 mu-

ation, causing constitutive activation of the JAK-STAT pathway, has been associated with BIA-ALCL. 56

L-2 and IL-6 overexpression has also been implicated in autocrine activation of JAK-STAT pathway

n-vitro studies. 23 Kadin et al. 26 reported overexpression of SOC2 and SOC3 in primary cutaneous and

IA-ALCL cases. 

ther 

A recent comprehensive genetic analysis of 29 patients found that Genome-wide chromosomal

opy number aberrations (CNAs) were detected in 94% of BIA-ALCLs, with losses at chromosome
39 
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0q13.13 in 66% of the samples supporting previous studies. 58 , 61 , 63 , 64 Loss of 20q13.13 was reported

o be characteristic of BIA-ALCL compared to other classes of ALCL. 

Germline mutations have been recognised in patients with BIA-ALCL including activating mutations

f TP53 59 , 60 ) as well as mutations of JAK3. 54 TP53 mutations are associated with hereditary cancer

yndromes and confer an increased risk to a variety of solid organ malignancies but the relevance of

ermline mutations as predisposing to this disease requires further exploration. One study involving

3 patients found the human leucocyte antigen allele A 

∗26 to be significantly ( p < 0.001) less often

ompared with the general population. 64 Larger studies are needed to better understand the role of

atient genetics in the development of BIA-ALCL. 

onclusion 

The etiopathogenesis of BIA-ALCL is likely to be multifactorial, with current evidence-based the-

ries recognising the combination of chronic infection (skewed toward Gram-negative organisms),

iofilm formation, implant texturisation, chronic inflammation, host genetics and time in tumorige-

esis, providing the preconditions for T-cell malignant transformation. Although silicone bleeds and

articles can theoretically provide the antigenic stimulus for chronic inflammation and potential ma-

ignant transformation, this premise has yet to be scientifically proven. Additional research is required

o establish a unifying theory for the aetiology of BIA-ALCL. Future directions for research should in-

lude the identification of specific bacterial antigens or other antigenic stimuli, differential studies of

enign and malignant seromas (cytokines, inflammatory, and CD30 + count), and additional genetic

equencing studies in BIA-ALCL cases. Current thinking will continue to evolve as more robust scien-

ific evidence accrues, potentially facilitating better surveillance and treatment. 
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