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Abstract: Breast implantation either for cosmetic or reconstructive e purposes is one of the most
common procedures performed in plastic surgery. Biofilm infection is hypothesised to be involved
in the development of both capsular contracture and anaplastic large cell lymphoma (ALCL).
Capsular contracture is one of the principal reasons for breast revision surgery and is characterised
by the tightening and hardening of the capsule surrounding the implant, and ALCL is an indolent
lymphoma found only in women with textured implants. We describe the types of breast implants
available with regard to their surface characteristics of surface area and roughness and how this might
contribute to capsular contracture and/or biofilm formation. The pathogenesis of capsular contracture
is thought to be due to biofilm formation on the implant, which results in on-going inflammation.
We describe the current research into breast implant associated ALCL and how implant properties
may affect its pathogenesis, with ALCL only occurring in women with textured implants.

Keywords: biofilm; breast implant; textured: capsular contracture; anaplastic large cell lymphoma;
BIA-ALCL

1. Introduction

Breast implantation, either for cosmetic or reconstructive purposes, is one of the most common
procedures performed in plastic surgery. In 2015, in the United States of America alone, more than
280,000 women had breast enlargement surgery and an estimated 106,000 breast cancer patients
underwent post-mastectomy breast reconstruction, which often involved insertion of implantable
medical devices [1].

2. Breast Implants

Basic designed silicone breast implants were first introduced in the early 1960s [2]. As each
new “generation” of implant has been introduced, their design has undergone major improvements.
Modern breast implants can be divided into categories based on implant filling (silicone or saline),
surface texture (textured or smooth), and shape (round or anatomic), each of which have slightly
different properties [3,4].

Silicone or saline implant filling:

Saline implants are sold as empty silicone elastomer shells and are filled to the appropriate volume
with sterile saline in the operating room. The silicone filling comes as either a “fluid form” that is
not cohesive enough to maintain an anatomic shape or a “form-stable” more viscous and greater
cross-linked silicone gel that has cohesive properties [5]. The cohesive gel increases form stability
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and correlates with better shape retention when compared with saline or fluid form silicone filled
implants [6].

Textured or smooth outer surface:

Smooth breast implants move within the breast implant pocket to give a more natural
movement [5], while aggressive texturisation of the implant surface improves integration between the
living host and the implant by enhancing tissue adhesion, growth and proliferation of the host blood
supply, enhancement of cellular migration, and fibroblast adhesion [7,8]. Texturisation is thought to
increase device stability as it helps prevent rotation in the breast pocket or migration of implants [5].

Currently available breast implants can be categorised into 4 different surface types based on the
3D to 2D surface area ratio (high >5, intermediate 3-5, low 2-3 and minimal <2) and surface roughness
expressed as a multiple of the value of smooth implants (high > 150, intermediate 75-150, low 25-75
and minimal <25) [9]. Figure 1 describes the implant surface classification system and representative
scanning electron microscope pictures of breast implants.

Surface Type 4 3 2 1 1

3D :2D ratio High Intermediate Low Minimal Minimal
Surface roughness High Intermediate Low Minimal Minimal
Example Silimed Polyurethane | Allergan Biocell Mentor Siltex Motiva Velvet Smooth

Figure 1. Implant surface classification and representative examples of implants.

The first textured implant, released in 1968, incorporated a 1.2-2 mm polyurethane foam (PU)
coating on its outer surface, which adhered to the surrounding tissues, and subsequently delaminated
from the silicon implant producing a relatively non-contractible capsule and thus reduced the risk of
capsular contracture [10,11]. However, polyurethane (PU) coated silicone implants were voluntarily
removed from the USA market in 1991, due to reporting of an association between polyurethane
and the carcinogen 2,4-toluenediamine (TDA) [12]. This withdrawal lead to the development of
alternative technologies to modify the outer silicone shell, including bonding the PU foam coating
to the silicon surface, e.g., the Silimed PU implant, which retains the aggressive texture but prevents
delamination [4]. This implant has been classified as surface type 4 (Figure 1) [9].

The salt-loss technique of producing a textured surface is produced by adding salt crystals to
the silicone before curing, which are then washed from the surface leaving behind a pitted surface
with randomly sized and arranged interconnected pores [13]. The pores promote adherence to the
surrounding tissue [14-16] and make these devices relatively immobile [16]. Allergan Biocell is
produced by the salt-loss technique and has pores with an average diameter of 600-800 pm and
depth of 150-200 um [15] and is an example of a surface type 3 implant (Figure 1) [9]. A micro
textured implant (with an average pore size of 100 to 150 pum diameter) manufactured by Polytech
Mesmo through a vulcanisation process that coats the surface of the uncured implant with ammonium
carbonate [6,17] has also been classified as a surface type 3.

Negative contact imprinting, such as with Mentor Siltex, creates a less aggressive textured silicone
surface by pressing the uncured silicone mandrel into PU foam. This results in an implant surface
of type 2 with average pore diameters of 70-150 um and depth of 60-275 um and is meant to mimic
the PU foam (Figure 1) [15]. In contrast to Silimed PU and Biocell, Siltex does not adhere to the
surrounding tissue and is not immobile [10]. Motiva, using a propriety method of negative imprinting,
manufacture the nanotextured SilkSurface and the micro-textured VelvetSurface (Figure 1). The pore
depth on the VelvetSurface is 40-100 um [18] which is shallower than Mentor Siltex. Along with
smooth implants, nanotextured implants are classified as surface type 1 (Figure 1) [9].
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3. Capsular Contracture

Complications of breast augmentation include hematoma, seroma, infection, altered nipple
sensation, asymmetry, scarring, swelling, rupture, leakage and capsular contracture (CC) but CC is
thought to be the most common complication and frequently requires surgical revision [19]. In 2015,
43,000 implant removal procedures were reported in the United States of America [1], and the Food
and Drug Administration (FDA) reports that between 20 to 40% of augmentation patients and 40 to
70% of reconstruction patients had reoperations during the first eight to ten years after receiving their
breast implants [20]. CC is a common reason for reoperation in Australia, being responsible for 38.9%
of the 5290 breast implant revisions occurring between 2012 and 2016 [21]. Surgical revisions following
CC result in poorer aesthetic outcome and a high rate of recurrence of CC [22,23].

Upon insertion of a breast implant, a foreign body reaction is induced, which is essentially an
excessive fibrotic response that encloses the implant. CC is contracture of the peri-prosthetic capsule,
which is characterised by the tightening and hardening of the tissue capsule around the breast implant.
CC eventually leads to distortion of the implant [24,25]. Individual studies have reported incidence
rates of CC ranging from 1.3 to 45% [23,26-30]. The wide range of CC rates is attributed to differences
in follow-up times, as CC rate increases with time following implantation, as well as different type of
implants and differing surgical techniques being used throughout the various studies [4].

The degree of CC is classified using the Baker clinical grading system which divides CC into four
grades [31]. A grade I breast looks and feels natural, while grade II breasts have minimal contracture
where the surgeon can tell surgery has been performed but there are no clinical symptoms. Grade III
and IV are clinically significant and symptomatic, where grade III describes moderate contracture
with some firmness felt by the patient, and grade IV describes severe contracture that is obvious from
observation and symptomatic in the patient [31].

With each new implant generation, the incidence of CC has decreased, although whether this is
due to implant design or better surgical technique, or a combination of both, is unclear. Historically, the
type of fill was thought to influence the development of CC. Older generation silicone gel devices were
characterised by higher gel bleeds and rupture rates compared to current generation implants [5,32,33].
The rates of CC were six-fold higher with these older devices than with devices containing low-bleed
silicone gel fillings [34] or cohesive silicone gel fill implants [22,35-39].

The benefits of textured implants in reducing CC remains controversial. Systematic reviews
of comparative clinical studies concluded texturisation may reduce the incidence of early capsular
contracture if the implant was placed under the breast glandular tissue, but had no significant effect
if placed under the pectoral muscle [29,40]. Smaller comparative or split breast studies, inserting
one smooth and one textured implant in the same patient, are evenly divided as to the benefit of
texturisation [41-48]. Many of these published reports lack adequate description of implant type,
surgical technique, outcome assessment, and have short follow-up or the time period of follow-up is
not stated. Several early randomised controlled trials reported textured implants had lower rates of
clinically significant CC compared to smooth surface implants [42,45]. Similarly, some later prospective
trials and metanalysis of 16 randomised controlled trials combined with two case-control studies,
involving 4412 patients, have shown that smooth implants are more likely to develop CC [40,48,49].
However, the follow-up of most of these studies has been less than five years. When 715 of these
patients were followed for 10 years there was no difference in the rate of CC [23]. It is likely that
the effect of surface technology is of some benefit but is one of many factors that impact on clinical
outcome, and the aetiopathogenesis of CC is likely to be multifactorial.

4. Aetiopathogenesis of Capsular Contracture (CC)

In 1981, Burkhardt and co-workers [50] were the first to propose that subclinical infection led to
CC. However, the lack of culture positivity in many clinical studies of CC delayed the acceptance of
this hypothesis. The detection of a Staphylococcus epidermidis biofilm in a patient with recurrent CC
led to the hypothesis that the proposed subclinical infection is due to biofilm formation on the breast
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implant [51]. The presence of biofilm on implants obtained from CC patients was confirmed using
scanning electron microscopy [25]. The likelihood of bacterial isolation was increased by mincing,
sonication, and broth culture of a piece of implant or tissue, rather than using a swab to collect samples.
Using this improved method of culture, the authors found a significant relationship between culture
positivity (p < 0.0006) and the presence of S. epidermidis (p < 0.01) with CC. Subsequently, the degree of
Baker grade CC has been shown to directly correlate with the number of bacteria in humans [52] and
in the porcine model [53]. The biofilm hypothesis helps explain the lack of culture positivity in older
studies where sonication was not employed, as biofilm bacteria are notoriously difficult to culture [54].

An alternative, to the biofilm hypothesis is that CC is purely an immunological response (reviewed
in Headon [4]). The principal cell type within the capsule include activated macrophages, lymphocytes,
and fibrocytes, and the number of lymphocytes and fibrocytes correlate with Baker grade [4]. However,
the trigger for activating these cells is unknown. The presence of silicon particles has been postulated
as a trigger. The amount of silicon in capsular macrophages is greater in higher grade CC and is
associated with increased inflammation [55]. In contrast, the biofilm hypothesis proposes that the
immunological response is activated by biofilm infection. The patient’s endogenous flora or bacteria
present at the time of surgery gain access to the breast implant during or following placement. Once in
contact with the implant, they attach to the prosthetic surface and form a biofilm. If implants are
contaminated with only low numbers of bacteria, the host can contain the biofilm to a level that
produces minimal inflammation [53]. However, once bacterial numbers reach a critical point, the host
response is overwhelmed, and the bacteria continue to proliferate and trigger a chronic inflammatory
response, leading to subsequent fibrosis and accelerated CC [53].

Frequently, organisms that are part of the microflora of the skin or the breast, such
as Cutibacterium acnes (formally Proprionibacterium acnes) and coagulase-negative staphylococci,
particularly S. epidermidis, are commonly isolated from CC samples [25,50,52,56-59]; however, any
bacterial species can be involved and multiple species can be grown from one breast [25,59].

Further evidence for bacterial involvement in CC aetiopathogenesis is provided by artificial
inoculation of implants, resulting in increased CC development in animal models [56,60,61].
In the porcine model, breast pocket inoculation of S. epidermidis led to biofilm development, and
biofilm formation was associated with a four-fold increased risk of developing contracture (odds
ratio = 4.1667) [61].

Additional evidence to support the subclinical biofilm hypothesis is that strategies to prevent
breast implant infection appear to be effective. Animal studies have shown that antimicrobial coated
implants can significantly reduce the genesis of biofilm and subsequent CC [62,63], whilst clinical
studies utilising antibiotic or antiseptic breast implant pocket irrigation at time of surgery have shown
a significant reduction in CC [24,64]. The reduction in CC following biocide irrigation has been
confirmed in two comparative clinical trials that showed a 10-fold reduction in CC utilising either
betadine and/or topical antibiotics in pocket irrigation [65,66].

Other strategies to prevent bacterial contamination of the implant by modifying surgical technique
have resulted in decreased CC rates (reviewed by Deva et al. [19]). These include modification of
implantation site (subpectoral position reduces access of breast flora to the implant through the natural
musculofascial barrier); avoiding periareolar and transaxillary incisions, which have higher rates of
CC compared to submammary incisions; use of a nipple shield; and use of an introductory shield to
prevent the implant touching the skin surface [19].

The occurrence of unilateral contracture following bilateral insertion of identical breast implants
means that systemic or implant material-related causes are also less likely [52]. Thus, although
contracture remains poorly understood, it is likely to be multifactorial in origin, and of all the theories
on the potential aetiology of CC, the subclinical infection hypothesis remains the leading theory.



Materials 2018, 11, 2393 50f11

5. Breast Implant Associated Anaplastic Large Cell Lymphoma

In 2011, the FDA identified a possible association between textured breast implants and anaplastic
large cell lymphoma (BIA-ALCL) [67], a rare T- or null-cell non-Hodgkin lymphoma first described by
Stein and co-workers [68]. It was recognised as a distinct cancer by the World Health Organisation in
2016 [20]. As of 2017, over 500 cases were reported worldwide, and recent epidemiological studies
suggest that the number will continue to rise [69-71]. Australia has a high incidence rate with
70 confirmed cases of BIA-ALCL, including four deaths by August 2016 [70,72]. The Australian
Therapeutic Goods Administration estimates the risk of developing BIA-ALCL to be between 1:1000
and 1:10,000 for women with breast implants [70,72]. However, the true incidence of BIA-ALCL is
likely to be higher due to under reporting and the lack of accurate breast implant sales figures.

BIA-ALCL generally presents as a localised late peri-implant seroma containing malignant cells
in one breast and less commonly as a tumour mass attached to the capsule, and regional lymph node
involvement is seen in around 5-10% of patients. In the Australian cohort, all patients were exposed to
textured implants with 85% of cases associated with implants with a high surface area (surface type 3
or 4, Figure 1) [70]. BIA-ALCL occurs an average of seven to ten years after implant placement but
can range from 0.4 to 20 years [70,73-75]. Treatment for the majority of patients consists of complete
surgical excision of diseased tissue, implants, and the surrounding fibrosis capsule, while adjuvant
chemotherapy is only recommended for patients with advanced disease (reviewed by Clemens and
co-workers [76]).

BIA-ALCL seroma fluid is composed of large, pleomorphic cells with horseshoe-shaped nuclei and
are anaplastic lymphoma kinase (ALK) negative. Inmunophenotypically they are diffusely positive
for CD30 and T-cell markers such as CD3, CD4 [76-80]. Additionally, in cell lines developed from
clinical cases of BIA-ALCL antigen presentation markers (HLA-DR, CD80, CD86), IL-2 receptors (CD25,
CD122) and IL-6 receptors are present [80-82]. BIA-ALCL cells show clonal TCR gene arrangement
and/or the demonstration of phenotypic aberrancy, including CD4 and CD8 co-expression [76,79,80].

The aetiopathogenesis of BIA-ALCL is unknown, but it is thought that chronic inflammatory
stimulus leads to T-cell dysplasia in patients that are genetically susceptible. It is postulated that a
milieu rich in immune stimulatory cytokines, which promotes rapid division of host lymphocytes, may
cause the initial tumorigenic changes that lead to BIA-ALCL in some patients. Autocrine production
of IL-6 has been identified as a driver of tumorigenesis in some diffuse large B-cell lymphomas, as
well as solid tumours, including breast, lung, and ovarian carcinomas [83-85]. The cytokine profile
of BIA-ALCL cell lines, specifically IL-6, TGF-f3 and IL-10, has also been shown to induce immune
suppressor cell populations (Tregs and myeloid-derived suppressor cells), which may inhibit host
anti-tumour immunity and facilitate cancer development [86,87].

One theory is that biofilm infection, combined with host factors such as the patient’s genetic
background and their immune response, activate T-lymphocytes and trigger polyclonal proliferation
and, with time, in some cases monoclonal proliferation and the eventual development of ALCL [88]
Figure 2.

In support of the biofilm infection theory, chronic biofilm infection with Helicobacter pylori, and
hence ongoing inflammation, is recognized as being the causal agent in the development of gastric
lymphoma [89], and antibiotic treatment alone in patients with low grade malignancy results in
remission in 80% [90]. Similarly, a phase II clinical trial showed regression of adnexal marginal zone
lymphoma in 65% of patients given doxycycline monotherapy for the treatment of Chlamydophila psittaci
(n = 34) [91]. Therefore, it is plausible that chronically infected breast implants may mediate similar
inflammatory and neoplastic processes resulting in the development of a T cell lymphoma. In support
of biofilm being the chronic inflammatory stimulus, significantly more bacteria attach to textured
implants compared to smooth implants [9]. In the porcine model this correlated with a 63-fold increase
in the number of lymphocytes attached to textured implants compared to smooth implants, whilst
in clinical samples of CC the number of lymphocytes surrounding breast implants is positively and
significantly correlated (r = 0.83) with the number of bacteria [53].
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Figure 2. Suggested biofilm aetiopathogenesis of breast implant associated-anaplastic large cell
lymphoma (BIA-ALCL).

The strongest support for the role of bacterial biofilm in the aetiopathogenesis of BIA-ALCL
was the detection of biofilm in clinical samples using qPCR, with visual confirmation of biofilm
presence using fluorescent in situ hybridisation and scanning electron microscopy [88]. Analysis of
the microbiome (bacterial community genetic profile), using next generation sequencing, showed a
significantly greater proportion of Gram-negative bacteria in BIA-ALCL specimens compared with
non-tumour CC specimens (Figure 3), suggesting that different bacterial species may preferentially
trigger lymphocyte activation [88].

100

Percentage of microbiome (%)
[%1]
=

Contracted Breasts BIA-ALCL Breasts

Figure 3. Percentage of Gram-positive (coloured blue) and Gram-negative (coloured red) organisms in
capsules obtained from contracted breasts and in BIA-ALCL samples [88].

The development of BIA-ALCL is likely to be a complex process resulting from an interplay of
host, implant and microbial factors, including the patient’s genetic background, immune response,
the textured implant surface, and bacterial phenotype. However, the rarity of BIA-ALCL presents
a challenge for conducting meaningful epidemiologic studies, and although the pathogenesis of
BIA-ALCL is undergoing active research, the drivers of this malignancy remains poorly understood.

Author Contributions: Writing—Original Draft Preparation, M.M. and K.V.; Writing—Review and Editing, K.V.,
H.H., and A.D.; Scanning Electron Microscopy, D.C.

Funding: This research received no external funding.

Conflicts of Interest: A.D. is a consultant, research coordinator, and educator to Allergan, Mentor
(Johnson & Johnson), Sientra, Motiva and Acelity (KCI.) He has previously coordinated industry-sponsored
research for these companies relating to both biofilms and breast prostheses. MM, DC, HH, and KV have no
conflicts of interest.



Materials 2018, 11, 2393 7 of 11

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

ASPS. ASPS Plastic Surgery Statistics Report. Available online: www.plasticsurgery.org (accessed on
30 June 2018).

Cronin, T.D.; Gerow, FJ. Augmentation mammaplasty: A new “natural feel” prosthesis. In Proceedings of
the Transactions of the Third International Congress of Plastic and Reconstructive Surgery, Washington, DC,
USA, 13-18 October 1963; Excerpta Medica: Amsterdam, The Netherlands, 1964; pp. 41-49.

Namnoum, ].D.; Largent, J.; Kaplan, H.M.; Oefelein, M.G.; Brown, M.H. Primary breast augmentation clinical
trial outcomes stratified by surgical incision, anatomical placement and implant device type. J. Plast. Reconstr.
Aesthet. Surg. 2013, 66, 1165-1172. [CrossRef] [PubMed]

Headon, H.; Kasem, A.; Mokbel, K. Capsular contracture after breast augmentation: An update for clinical
practice. Archiv. Plast. Surg. 2015, 42, 532-543. [CrossRef] [PubMed]

O’Shaughnessy, K. Evolution and update on current devices for prosthetic breast reconstruction. Gland Surg.
2015, 4, 97-110. [PubMed]

Henderson, PW.; Nash, D.; Laskowski, M.; Grant, R.T. Objective Comparison of Commercially Available
Breast Implant Devices. Aesthet. Plast. Surg. 2015, 39, 724-732. [CrossRef] [PubMed]

Clubb, EJ.; Ciapper, D.L.; Deferrari, D.A.; Hu, S.; Stare, W.J., Jr.; Capik, P.P.; Armstrong, J.; McGEE, M.G.;
Bilings, L.A.; Fuqua, ]. M. Surface texturing and coating of biomaterial implants: Effects on tissue integration
and fibrosis. ASAIO J. 1999, 45, 281-287. [CrossRef] [PubMed]

Dalby, M.].; Yarwood, S.J.; Riehle, M.O.; Johnstone, H.].; Affrossman, S.; Curtis, A.S. Increasing fibroblast
response to materials using nanotopography: Morphological and genetic measurements of cell response to
13-nm-high polymer demixed islands. Exp. Cell Res. 2002, 276, 1-9. [CrossRef] [PubMed]

Jones, P.; Mempin, M.; Hu, H.; Chowdhury, D.; Foley, M.; Cooter, R.; Adams, W.P, Jr.; Vickery, K.; Deva, A.K.
The Functional Influence of Breast Implant Outer Shell Morphology on Bacterial Attachment and Growth.
Plast. Reconstr. Surg. 2018, 142, 837-849. [CrossRef] [PubMed]

Ashley, FL. Further studies on the natural-y breast prosthesis. Plast. Reconstr. Surg. 1972, 49, 414—419.
[CrossRef] [PubMed]

Sinclair, T.M.; Kerrigan, C.L.; Buntic, R. Biodegradation of the polyurethane foam covering of breast implants.
Plast. Reconstr. Surg 1993, 92, 1003-1013; discussion 1014. [CrossRef] [PubMed]

Chan, S.C.; Birdsell, D.C.; Gradeen, C.Y. Detection of toluenediamines in the urine of a patient with
polyurethane-covered breast implants. Clin. Chem. 1991, 37, 756-758. [PubMed]

Barr, S.; Bayat, A. Breast surgery review article: Breast implant surface development: Perspectives on
development and manufacture. Aesthet. Surg. J. 2011, 31, 56-67. [CrossRef] [PubMed]

Barone, EE.; Perry, L.; Keller, T.; Maxwell, G.P. The biomechanical and histopathologic effects of surface
texturing with silicone and polyurethane in tissue implantation and expansion. Plast. Reconstr. Surg. 1992,
90, 77-86. [CrossRef] [PubMed]

Danino, A.M.; Basmacioglu, P; Saito, S.; Rocher, E,; Blanchet-Bardon, C.; Revol, M.; Servant, ].-M. Comparison
of the capsular response to the Biocell RTV and Mentor 1600 Siltex breast implant surface texturing: A
scanning electron microscopic study. Plast. Reconstr. Surg. 2001, 108, 2047-2052. [CrossRef] [PubMed]
Maxwell, G.P; Hammond, D.C. Breast implants: Smooth versus textured. Adv. Plast. Reconstr. Surg. 1993,
9, 209-220.

Barr, S.; Hill, E.W,; Bayat, A. Functional biocompatibility testing of silicone breast implants and a novel
classification system based on surface roughness. . Mech. Behav. Biomed. Mater. 2017, 75, 75-81. [CrossRef]
[PubMed]

Sforza, M.; Zaccheddu, R.; Alleruzzo, A.; Seno, A.; Mileto, D.; Paganelli, A.; Sulaiman, H.; Payne, M.;
Maurovich-Horvat, L. Preliminary 3-Year Evaluation of Experience with SilkSurface and VelvetSurface
Motiva Silicone Breast Implants: A Single-Center Experience with 5813 Consecutive Breast Augmentation
Cases. Aesthet. Surg. J. 2018, 38, S62-573. [CrossRef] [PubMed]

Deva, AK.; Adams, W.P; Vickery, K. The role of bacterial biofilms in device-associated infection.
Plast. Reconstr. Surg. 2013, 132, 1319-1328. [CrossRef] [PubMed]

FDA. Breast Implant- Associated Anaplastic Large Cell Lymphoma (BIA-ALCL); FDA: Silver Spring, MD,
USA, 2018.


www.plasticsurgery.org
http://dx.doi.org/10.1016/j.bjps.2013.04.046
http://www.ncbi.nlm.nih.gov/pubmed/23664574
http://dx.doi.org/10.5999/aps.2015.42.5.532
http://www.ncbi.nlm.nih.gov/pubmed/26430623
http://www.ncbi.nlm.nih.gov/pubmed/26005642
http://dx.doi.org/10.1007/s00266-015-0537-1
http://www.ncbi.nlm.nih.gov/pubmed/26206500
http://dx.doi.org/10.1097/00002480-199907000-00006
http://www.ncbi.nlm.nih.gov/pubmed/10445732
http://dx.doi.org/10.1006/excr.2002.5498
http://www.ncbi.nlm.nih.gov/pubmed/11978003
http://dx.doi.org/10.1097/PRS.0000000000004801
http://www.ncbi.nlm.nih.gov/pubmed/30252806
http://dx.doi.org/10.1097/00006534-197204000-00009
http://www.ncbi.nlm.nih.gov/pubmed/5014701
http://dx.doi.org/10.1097/00006534-199311000-00001
http://www.ncbi.nlm.nih.gov/pubmed/8234496
http://www.ncbi.nlm.nih.gov/pubmed/1851677
http://dx.doi.org/10.1177/1090820X10390921
http://www.ncbi.nlm.nih.gov/pubmed/21239673
http://dx.doi.org/10.1097/00006534-199207000-00012
http://www.ncbi.nlm.nih.gov/pubmed/1615095
http://dx.doi.org/10.1097/00006534-200112000-00032
http://www.ncbi.nlm.nih.gov/pubmed/11743398
http://dx.doi.org/10.1016/j.jmbbm.2017.06.030
http://www.ncbi.nlm.nih.gov/pubmed/28697402
http://dx.doi.org/10.1093/asj/sjx150
http://www.ncbi.nlm.nih.gov/pubmed/29040364
http://dx.doi.org/10.1097/PRS.0b013e3182a3c105
http://www.ncbi.nlm.nih.gov/pubmed/23924649

Materials 2018, 11, 2393 8of 11

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.
38.

39.

40.

41.

42.

43.

Hopper, L; Parker, E.; Pelligrini, B.; Mulvany, C.; Pase, M.; Ahem, S.; Earnest, A.; McNeil, J. The Australian
Breast Device Registry 2016 Report; Monash University: Melbourne, Australia, 2018.

Bengtson, B.P.; Van Natta, B.W.; Murphy, D.K,; Slicton, A.; Maxwell, G.P; Style 410 U.S. Core Clinical Study
Group. Style 410 highly cohesive silicone breast implant core study results at 3 years. Plast. Reconstr. Surg.
2007, 120, 40S—-48S. [CrossRef] [PubMed]

Spear, S.L.; Murphy, D.K. Natrelle round silicone breast implants: Core study results at 10 years.
Plast. Reconstr. Surg. 2014, 133, 1354-1361. [CrossRef] [PubMed]

Adams, W.P, Jr.; Rios, J.L.; Smith, S.J. Enhancing patient outcomes in aesthetic and reconstructive breast
surgery using triple antibiotic breast irrigation: Six-year prospective clinical study. Plast. Reconstr. Surg.
2006, 117, 30-36. [CrossRef] [PubMed]

Pajkos, A.; Deva, A.K.; Vickery, K.; Cope, C.; Chang, L.; Cossart, Y.E. Detection of subclinical infection in
significant breast implant capsules. Plast. Reconstr. Surg. 2003, 111, 1605-1611. [CrossRef] [PubMed]

Ersek, R.A. Rate and incidence of capsular contracture: A comparison of smooth and textured silicone
double-lumen breast prostheses. Plast. Reconstr. Surg. 1991, 87, 879-884. [CrossRef] [PubMed]

Ersek, R.A,; Salisbury, A.V. Textured surface, nonsili- cone gel breast implants: Four years’ clinical outcome.
Plast. Reconstr. Surg. 1997, 100, 1729-1739. [CrossRef] [PubMed]

Handel, N.; Jensen, J.A.; Black, Q.; Waisman, J.R.; Silverstein, M.]. The fate of breast implants: A critical
analysis of complications and outcomes. Plast. Reconstr. Surg. 1995, 96, 1521-1533. [CrossRef] [PubMed]
Barnsley, G.P; Sigurdson, L.J.; Barnsley, S.E. Textured surface breast implants in the prevention of
capsular contracture among breast augmentation patients: A meta-analysis of randomized controlled
trials. Plast. Reconstr. Surg. 2006, 117, 2182-2190. [CrossRef] [PubMed]

Araco, A.; Caruso, R.; Araco, F,; Overton, ]J.; Gravante, G. Capsular contractures: A systematic review.
Plast. Reconstr. Surg. 2009, 124, 1808-1819. [CrossRef] [PubMed]

Spear, S.L.; Baker, J.L., Jr. Classification of capsular contracture after prosthetic breast reconstruction.
Plast. Reconstr. Surg. 1995, 96, 1119-1123; discussion 1124. [CrossRef] [PubMed]

Malata, C.M.; Varma, S.; Scott, M.; Liston, J.C.; Sharpe, D.T. Silicone breast implant rupture: Common/serious
complication? Med. Prog. Technol. 1994, 20, 251-260. [PubMed]

Maxwell, G.P.; Gabriel, A. The evolution of breast implants. Clin. Plast. Surg. 2009, 36, 1-13. [CrossRef]
[PubMed]

Chang, L.; Caldwell, E.; Reading, G.; Wray, R.C., Jr. A comparison of conventional and low-bleed implants
in augmentation mammaplasty. Plast. Reconstr. Surg. 1992, 89, 79-82. [CrossRef] [PubMed]

Bogetti, P.; Boltri, M.; Balocco, P.; Spagnoli, G. Augmentation mammaplasty with a new cohesive gel
prosthesis. Aesthet. Plast. Surg. 2000, 24, 440-444. [CrossRef] [PubMed]

Heden, P; Jernbeck, J.; Hober, M. Breast augmentation with anatomical cohesive gel implants: The world’s
largest current experience. Clin. Plast. Surg. 2001, 28, 531-552. [PubMed]

Drever, ]. Cohesive gel implants for breast augmentation. Aesthet. Surg. J. 2003, 23, 405-409. [CrossRef]
Brown, M.H.; Shenker, R; Silver, S.A. Cohesive silicone gel breast implants in aesthetic and reconstructive
breast surgery. Plast. Reconstr. Surg. 2005, 116, 768-779. [CrossRef] [PubMed]

Henriksen, T.F,; Fryzek, ].P.; Holmich, L.R.; McLaughlin, ] K.; Krag, C.; Karlsen, R.; Kjoller, K.; Olsen, ].H.;
Friis, S. Reconstructive breast implantation after mastectomy for breast cancer: Clinical outcomes in a
nationwide prospective cohort study. Arch. Surg. 2005, 140, 1152-1159. [CrossRef] [PubMed]

Wong, C.-H.; Samuel, M,; Tan, B.-K.; Song, C. Capsular contracture in subglandular breast augmentation
with textured versus smooth breast implants: A systematic review. Plast. Reconstr. Surg. 2006, 118, 1224-1236.
[CrossRef] [PubMed]

Coleman, D.J.; Foo, L.T.; Sharpe, D.T. Textured or smooth implants for breast augmentation? A prospective
controlled trial. Br. J. Plast. Surg. 1991, 44, 444-448. [CrossRef]

Hakelius, L.; Ohlsen, L. Tendency to capsular contracture around smooth and textured gel-filled silicone
mammary implants: A five-year follow-up. Plast. Reconstr. Surg. 1997, 100, 1566-1569. [CrossRef] [PubMed]
Burkhardt, B.R.; Demas, C.P. The effect of Siltex texturing and povidone-iodine irrigation on capsular
contracture around saline inflatable breast implants. Plast. Reconstr. Surg. 1994, 93, 123-128; discussion 129-130.
[CrossRef] [PubMed]


http://dx.doi.org/10.1097/01.prs.0000286666.29101.11
http://www.ncbi.nlm.nih.gov/pubmed/18090813
http://dx.doi.org/10.1097/PRS.0000000000000021
http://www.ncbi.nlm.nih.gov/pubmed/24867717
http://dx.doi.org/10.1097/01.prs.0000185671.51993.7e
http://www.ncbi.nlm.nih.gov/pubmed/17099483
http://dx.doi.org/10.1097/01.PRS.0000054768.14922.44
http://www.ncbi.nlm.nih.gov/pubmed/12655204
http://dx.doi.org/10.1097/00006534-199105000-00012
http://www.ncbi.nlm.nih.gov/pubmed/2017497
http://dx.doi.org/10.1097/00006534-199712000-00014
http://www.ncbi.nlm.nih.gov/pubmed/9393470
http://dx.doi.org/10.1097/00006534-199512000-00003
http://www.ncbi.nlm.nih.gov/pubmed/7480271
http://dx.doi.org/10.1097/01.prs.0000218184.47372.d5
http://www.ncbi.nlm.nih.gov/pubmed/16772915
http://dx.doi.org/10.1097/PRS.0b013e3181bf7f26
http://www.ncbi.nlm.nih.gov/pubmed/19952637
http://dx.doi.org/10.1097/00006534-199510000-00018
http://www.ncbi.nlm.nih.gov/pubmed/7568488
http://www.ncbi.nlm.nih.gov/pubmed/7877570
http://dx.doi.org/10.1016/j.cps.2008.08.001
http://www.ncbi.nlm.nih.gov/pubmed/19055956
http://dx.doi.org/10.1097/00006534-199289010-00015
http://www.ncbi.nlm.nih.gov/pubmed/1727266
http://dx.doi.org/10.1007/s002660010074
http://www.ncbi.nlm.nih.gov/pubmed/11246433
http://www.ncbi.nlm.nih.gov/pubmed/11471959
http://dx.doi.org/10.1016/S1090-820X(03)00210-3
http://dx.doi.org/10.1097/01.prs.0000176259.66948.e7
http://www.ncbi.nlm.nih.gov/pubmed/16141814
http://dx.doi.org/10.1001/archsurg.140.12.1152
http://www.ncbi.nlm.nih.gov/pubmed/16365235
http://dx.doi.org/10.1097/01.prs.0000237013.50283.d2
http://www.ncbi.nlm.nih.gov/pubmed/17016195
http://dx.doi.org/10.1016/0007-1226(91)90204-W
http://dx.doi.org/10.1097/00006534-199711000-00030
http://www.ncbi.nlm.nih.gov/pubmed/9385973
http://dx.doi.org/10.1097/00006534-199401000-00018
http://www.ncbi.nlm.nih.gov/pubmed/8278467

Materials 2018, 11, 2393 9of 11

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Burkhardt, B.R.; Eades, E. The effect of Biocell texturing and povidone-iodine irrigation on capsular
contracture around saline-inflatable breast implants. Plast. Reconstr. Surg. 1995, 96, 1317-1325. [CrossRef]
[PubMed]

Asplund, O.; Gylbert, L.; Jurell, G.; Ward, C. Textured or smooth implants for submuscular breast
augmentation: A controlled study. Plast. Reconstr. Surg. 1996, 97, 1200-1206. [CrossRef] [PubMed]

Malata, C.M.; Feldberg, L.; Coleman, D.J.; Foo, L.T.; Sharpe, D.T. Textured or smooth implants for breast
augmentation? Three year follow-up of a prospective randomised controlled trial. Br. J. Plast. Surg. 1997,
50, 99-105. [CrossRef]

Poeppl, N.; Schreml, S.; Lichtenegger, F.; Lenich, A.; Eisenmann-Klein, M.; Prantl, L. Does the surface
structure of implants have an impact on the formation of a capsular contracture? Aesthet. Plast. Surg. 2007,
31, 133-139. [CrossRef] [PubMed]

Stevens, W.G.; Nahabedian, M.Y.; Calobrace, M.B.; Harrington, J.L.; Capizzi, PJ.; Cohen, R.; d'Incelli, R.C,;
Beckstrand, M. Risk factor analysis for capsular contracture: A 5-year Sientra study analysis using round,
smooth, and textured implants for breast augmentation. Plast. Reconstr. Surg. 2013, 132, 1115-1123.
[CrossRef] [PubMed]

Liu, X;; Zhou, L.; Pan, F;; Gao, Y.; Yuan, X.; Fan, D. Comparison of the postoperative incidence rate of capsular
contracture among different breast implants: A cumulative meta-analysis. PLoS ONE 2015, 10, e0116071.
[CrossRef] [PubMed]

Burkhardt, B.R.; Fried, M.; Schnur, P.L.; Tofield, J.J. Capsules, infection, and intraluminal antibiotics.
Plast. Reconstr. Surg. 1981, 68, 43-47. [CrossRef] [PubMed]

Deva, A.K.; Chang, L.C. Bacterial biofilms: A cause for accelerated capsular contracture? Aesthet. Surg. |.
1999, 19, 130-133. [CrossRef]

Rieger, U.; Mesina, ].; Kalbermatten, D.; Haug, M.; Frey, H.; Pico, R.; Frei, R.; Pierer, G.; Liischer, N.;
Trampuz, A. Bacterial biofilms and capsular contracture in patients with breast implants. Br. J. Surg. 2013,
100, 768-774. [CrossRef] [PubMed]

Hu, H.; Jacombs, A.; Vickery, K.; Merten, S.L.; Pennington, D.G.; Deva, A.K. Chronic biofilm infection
in breast implants is associated with an increased T-cell lymphocytic infiltrate: Implications for breast
implant-associated lymphoma. Plast. Reconstr. Surg. 2015, 135, 319-329. [CrossRef] [PubMed]

Fux, C.A,; Stoodley, P.; Hall-Stoodley, L.; Costerton, J.W. Bacterial biofilms: A diagnostic and therapeutic
challenge. Expert Rev. Antiinfect. Ther. 2003, 1, 667-683. [CrossRef]

Prantl, L.; Poppl, N.; Horvat, N.; Heine, N.; Eisenmann-Klein, M. Serologic and histologic findings in patients
with capsular contracture after breast augmentation with smooth silicone gel implants: Is serum hyaluronan
a potential predictor? Aesthet. Plast. Surg. 2005, 29, 510-518. [CrossRef] [PubMed]

Shah, Z.; Lehman, J.A., Jr; Tan, J. Does Infection Play a Role in Breast Capsular Contracture?
Plast. Reconstr. Surg. 1981, 68, 34-38. [CrossRef] [PubMed]

Virden, C.P,; Dobke, M.K; Stein, P,; Parsons, C.L.; Frank, D.H. Subclinical infection of the silicone breast
implant surface as a possible cause of capsular contracture. Aesthet. Plast. Surg. 1992, 16, 173-179. [CrossRef]
Netscher, D.T. Subclinical infection in breast capsules. Plast. Reconstr. Surg. 2004, 114, 818-820. [CrossRef]
[PubMed]

Del Pozo, J.L.; Tran, N.V,; Petty, PM.; Johnson, C.H.; Walsh, M.E,; Bite, U.; Clay, R.P.; Mandrekar, ].N.;
Piper, K.E.; Steckelberg, J.M. Pilot study of association of bacteria on breast implants with capsular
contracture. J. Clin. Microbiol. 2009, 47, 1333-1337. [CrossRef] [PubMed]

Marques, M.; Brown, S.A.; Cordeiro, N.D.; Rodrigues-Pereira, P.; Cobrado, M.L.; Morales-Helguera, A.;
Queirds, L.; Luis, A.; Freitas, R.; Gongalves-Rodrigues, A. Effects of coagulase-negative staphylococci and
fibrin on breast capsule formation in a rabbit model. Aesthet. Surg. J. 2011, 31, 420-428. [CrossRef] [PubMed]
Tamboto, H.; Vickery, K.; Deva, A.K. Subclinical (biofilm) infection causes capsular contracture in a porcine
model following augmentation mammaplasty. Plast. Reconstr. Surg. 2010, 126, 835-842. [CrossRef] [PubMed]
Darouiche, R.O.; Meade, R.; Mansouri, M.D.; Netscher, D.T. In vivo efficacy of antimicrobe-impregnated
saline-filled silicone implants. Plast. Reconstr. Surg. 2002, 109, 1352-1357. [CrossRef] [PubMed]

Jacombs, A.; Allan, J.; Hu, H.; Valente, PM.; Wessels, W.L.F.; Deva, AK.; Vickery, K. Prevention of
Biofilm-Induced Capsular Contracture with Antibiotic-Impregnated Mesh in a Porcine Model. Aesthet. Surg. J.
2012, 32, 886-891. [CrossRef] [PubMed]


http://dx.doi.org/10.1097/00006534-199511000-00013
http://www.ncbi.nlm.nih.gov/pubmed/7480228
http://dx.doi.org/10.1097/00006534-199605000-00015
http://www.ncbi.nlm.nih.gov/pubmed/8628802
http://dx.doi.org/10.1016/S0007-1226(97)91320-5
http://dx.doi.org/10.1007/s00266-006-0091-y
http://www.ncbi.nlm.nih.gov/pubmed/17205246
http://dx.doi.org/10.1097/01.prs.0000435317.76381.68
http://www.ncbi.nlm.nih.gov/pubmed/24056498
http://dx.doi.org/10.1371/journal.pone.0116071
http://www.ncbi.nlm.nih.gov/pubmed/25680100
http://dx.doi.org/10.1097/00006534-198107000-00010
http://www.ncbi.nlm.nih.gov/pubmed/7243999
http://dx.doi.org/10.1053/aq.1999.v19.97038
http://dx.doi.org/10.1002/bjs.9084
http://www.ncbi.nlm.nih.gov/pubmed/23468161
http://dx.doi.org/10.1097/PRS.0000000000000886
http://www.ncbi.nlm.nih.gov/pubmed/25383716
http://dx.doi.org/10.1586/14787210.1.4.667
http://dx.doi.org/10.1007/s00266-005-5049-y
http://www.ncbi.nlm.nih.gov/pubmed/16328636
http://dx.doi.org/10.1097/00006534-198107000-00007
http://www.ncbi.nlm.nih.gov/pubmed/7243998
http://dx.doi.org/10.1007/BF00450610
http://dx.doi.org/10.1097/01.PRS.0000136532.52640.CE
http://www.ncbi.nlm.nih.gov/pubmed/15318076
http://dx.doi.org/10.1128/JCM.00096-09
http://www.ncbi.nlm.nih.gov/pubmed/19261794
http://dx.doi.org/10.1177/1090820X11404400
http://www.ncbi.nlm.nih.gov/pubmed/21551433
http://dx.doi.org/10.1097/PRS.0b013e3181e3b456
http://www.ncbi.nlm.nih.gov/pubmed/20811216
http://dx.doi.org/10.1097/00006534-200204010-00022
http://www.ncbi.nlm.nih.gov/pubmed/11964990
http://dx.doi.org/10.1177/1090820X12455429
http://www.ncbi.nlm.nih.gov/pubmed/22942116

Materials 2018, 11, 2393 10 of 11

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

Adams, WP, Jr.; Conner, W.C.H.; Barton, EE,, Jr.; Rohrich, R.J. Optimizing breast-pocket irrigation: The
post-Betadine era. Plast. Reconstr. Surg. 2001, 107, 1596-1601. [CrossRef] [PubMed]

Blount, A.L.; Martin, M.D.; Lineberry, K.D.; Kettaneh, N.; Alfonso, D.R. Capsular contracture rate in a
low-risk population after primary augmentation mammaplasty. Aesthet. Surg. J. 2013, 33, 516-521. [CrossRef]
[PubMed]

Giordano, S.; Peltoniemi, H.; Lilius, P.; Salmi, A. Povidone-iodine combined with antibiotic topical irrigation
to reduce capsular contracture in cosmetic breast augmentation: A comparative study. Aesthet. Surg. J. 2013,
33, 675-680. [CrossRef] [PubMed]

FDA. Anaplastic Large Cell Lymphoma (ALCL) in Women with Breast Implants: Preliminary FDA Findings and
Analyses; Center for Devices and Radiological Health: Silver Spring, MD, USA, 2011.

Stein, H.; Foss, H.-D.; Diirkop, H.; Marafioti, T.; Delsol, G.; Pulford, K,; Pileri, S.; Falini, B. CD30+ anaplastic
large cell lymphoma: A review of its histopathologic, genetic, and clinical features. Blood 2000, 96, 3681-3695.
[PubMed]

Knight, R.; Loch-Wilkinson, A.-M.; Wessels, W.; Papadopoulos, T.; Magnusson, M.; Lofts, J.; Connell, T,;
Hopper, I; Beath, K.; Lade, S. Epidemiology and risk factors for Breast implant-associated anaplastic large
cell lymphoma (BIA-ALCL) in Australia & New Zealand. Plast. Reconstr. Surg. 2016, 4, 94-95.
Loch-Wilkinson, A.; Beath, K.J.; Knight, R.J.W.; Wessels, W.L.F.; Magnusson, M.; Papadopoulos, T.; Connell, T.;
Lofts, J.; Locke, M.; Hopper, 1.; et al. Breast Implant-Associated Anaplastic Large Cell Lymphoma in
Australia and New Zealand: High-Surface-Area Textured Implants Are Associated with Increased Risk.
Plast. Reconstr. Surg. 2017, 140, 645-654. [CrossRef] [PubMed]

Doren, E.L.; Miranda, R.N.; Selber, ].C.; Garvey, P.B.; Liu, ].; Medeiros, L.J.; Butler, C.E.; Clemens, M.W. US
Epidemiology of Breast Implant-Associated Anaplastic Large Cell Lymphoma. Plast. Reconstr. Surg. 2017,
139, 1042-1050. [CrossRef] [PubMed]

TGA. Breast Implants and Anaplastic Large Cell Lymphoma. Update—Additional Confirmed Cases of Anaplastic
Large Cell Lymphoma; TGA: Symonston, Australia, 2018.

Bishara, M.R.; Ross, C.; Sur, M. Primary anaplastic large cell lymphoma of the breast arising in reconstruction
mammoplasty capsule of saline filled breast implant after radical mastectomy for breast cancer: An unusual
case presentation. Diagn. Pathol. 2009, 4, 11. [CrossRef] [PubMed]

Thompson, P.A.; Lade, S.; Webster, H.; Ryan, G.; Prince, H.M. Effusion-associated anaplastic large cell
lymphoma of the breast: Time for it to be defined as a distinct clinico-pathological entity. Haematologica 2010,
95, 1977-1979. [CrossRef] [PubMed]

Rupani, A.; Frame, ].D.; Kamel, D. Lymphomas Associated with Breast Implants: A Review of the Literature.
Aesthet. Surg. ]. 2015, 35, 533-544. [CrossRef] [PubMed]

Clemens, M.W.; Brody, G.S.; Mahabir, R.C; Miranda, RN. How to Diagnose and Treat Breast
Implant-Associated Anaplastic Large Cell Lymphoma. Plast. Reconstr. Surg. 2018, 141, 586e-599e. [CrossRef]
[PubMed]

Roden, A.C.; Macon, W.R; Keeney, G.L.; Myers, ].L.; Feldman, A.L.; Dogan, A. Seroma-associated primary
anaplastic large-cell lymphoma adjacent to breast implants: An indolent T-cell lymphoproliferative disorder.
Mod. Pathol. 2008, 21, 455-463. [CrossRef] [PubMed]

Swerdlow, S.H. WHO Classification of Tumours of Haematopoietic and Lymphoid Tissues; WHO Classification of
Tumours; WHO: Geneva, Switzerland, 2008; Volume 22008, p. 439.

Jewell, M.; Spear, S.L.; Largent, ].; Oefelein, M.G.; Adams, W.P,, Jr. Anaplastic large T-cell lymphoma and
breast implants: A review of the literature. Plast. Reconstr. Surg. 2011, 128, 651-661. [CrossRef] [PubMed]
Lechner, M.G.; Lade, S.; Liebertz, D.J.; Prince, HM.; Brody, G.S.; Webster, H.R.; Epstein, A.L.
Breast implant-associated, ALK-negative, T-cell, anaplastic, large-cell lymphoma: Establishment and
characterization of a model cell line (TLBR-1) for this newly emerging clinical entity. Cancer 2011,
117,1478-1489. [CrossRef] [PubMed]

Kadin, M.E.; Deva, A.; Xu, H.; Morgan, J.; Khare, P.; MacLeod, R.A.; Van Natta, B.W.; Adams, W.P, Jr.;
Brody, G.S.; Epstein, A.L. Biomarkers Provide Clues to Early Events in the Pathogenesis of Breast
Implant-Associated Anaplastic Large Cell Lymphoma. Aesthet. Surg. ]. 2016, 36, 773-781. [CrossRef]
[PubMed]


http://dx.doi.org/10.1097/00006534-200105000-00049
http://www.ncbi.nlm.nih.gov/pubmed/11360897
http://dx.doi.org/10.1177/1090820X13484465
http://www.ncbi.nlm.nih.gov/pubmed/23636624
http://dx.doi.org/10.1177/1090820X13491490
http://www.ncbi.nlm.nih.gov/pubmed/23757043
http://www.ncbi.nlm.nih.gov/pubmed/11090048
http://dx.doi.org/10.1097/PRS.0000000000003654
http://www.ncbi.nlm.nih.gov/pubmed/28481803
http://dx.doi.org/10.1097/PRS.0000000000003282
http://www.ncbi.nlm.nih.gov/pubmed/28157769
http://dx.doi.org/10.1186/1746-1596-4-11
http://www.ncbi.nlm.nih.gov/pubmed/19341480
http://dx.doi.org/10.3324/haematol.2010.026237
http://www.ncbi.nlm.nih.gov/pubmed/20801901
http://dx.doi.org/10.1093/asj/sjv016
http://www.ncbi.nlm.nih.gov/pubmed/26116741
http://dx.doi.org/10.1097/PRS.0000000000004262
http://www.ncbi.nlm.nih.gov/pubmed/29595739
http://dx.doi.org/10.1038/modpathol.3801024
http://www.ncbi.nlm.nih.gov/pubmed/18223553
http://dx.doi.org/10.1097/PRS.0b013e318221db81
http://www.ncbi.nlm.nih.gov/pubmed/21865998
http://dx.doi.org/10.1002/cncr.25654
http://www.ncbi.nlm.nih.gov/pubmed/21425149
http://dx.doi.org/10.1093/asj/sjw023
http://www.ncbi.nlm.nih.gov/pubmed/26979456

Materials 2018, 11, 2393 11 of 11

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

Lechner, M.G.; Megiel, C.; Church, C.H.; Angell, TE.; Russell, S.M.; Sevell, R.B.; Jang, ].K.; Brody, G.S.;
Epstein, A.L. Survival signals and targets for therapy in breast implant-associated ALK-anaplastic large cell
lymphoma. Clin. Cancer Res. 2012, 18, 4549-4559. [CrossRef] [PubMed]

Grivennikov, S.; Karin, M. Autocrine IL-6 signaling: A key event in tumorigenesis? Cancer Cell 2008, 13, 7-9.
[CrossRef] [PubMed]

Lam, L.T.; Wright, G.; Davis, RE.; Lenz, G.; Farinha, P; Dang, L.; Chan, ].W.; Rosenwald, A.; Gascoyne, R.D.;
Staudt, L.M. Cooperative signaling through the signal transducer and activator of transcription 3 and nuclear
factor-«B pathways in subtypes of diffuse large B-cell lymphoma. Blood 2008, 111, 3701-3713. [CrossRef]
[PubMed]

Scuto, A.; Kujawski, M.; Kowolik, C.; Krymskaya, L.; Wang, L.; Weiss, L.M.; DiGiusto, D.; Yu, H.; Forman, S.;
Jove, R. STAT3 inhibition is a therapeutic strategy for ABC-like diffuse large B-cell lymphoma. Cancer Res.
2011, 71, 3182-3188. [CrossRef] [PubMed]

Lechner, M.G,; Liebertz, D.J.; Epstein, A.L. Characterization of cytokine-induced myeloid-derived suppressor
cells from normal human peripheral blood mononuclear cells. J. Immunol. 2010, 185, 2273-2284. [CrossRef]
[PubMed]

Stewart, T.J.; Smyth, M.J. Improving cancer immunotherapy by targeting tumor-induced immune
suppression. Cancer Metastasis Rev. 2011, 30, 125-140. [CrossRef] [PubMed]

Hu, H.; Johani, K.; Almatroudi, A.; Vickery, K.; Van Natta, B.; Kadin, M.E.; Brody, G.; Clemens, M.;
Cheah, C.Y,; Lade, S.; et al. Bacterial Biofilm Infection Detected in Breast Implant-Associated Anaplastic
Large-Cell Lymphoma. Plast. Reconstr. Surg. 2016, 137, 1659-1669. [CrossRef] [PubMed]

Wang, M.-Y.; Chen, C.; Gao, X.-Z.; Li, J.; Yue, J.; Ling, F.; Wang, X.-C.; Shao, S.-H. Distribution of Helicobacter
pylori virulence markers in patients with gastroduodenal diseases in a region at high risk of gastric cancer.
Microb. Pathog. 2013, 59-60, 13-18. [CrossRef] [PubMed]

Matysiak-Budnik, T.; Fabiani, B.; Hennequin, C.; Thieblemont, C.; Malamut, G.; Cadiot, G.; Bouché, O.;
Ruskoné-Fourmestraux, A. Gastrointestinal lymphomas: French Intergroup clinical practice recommendations
for diagnosis, treatment and follow-up (SNFGE, FFCD, GERCOR, UNICANCER, SFCD, SFED, SFRO, SFH).
Dig. Liver Dis. 2018, 50, 124-131. [CrossRef] [PubMed]

Ferreri, A.].M.; Govi, S.; Pasini, E.; Mappa, S.; Bertoni, F.; Zaja, F.; Montalban, C.; Stelitano, C.; Cabrera, M.E.;
Resti, A.G.; et al. Chlamydophila Psittaci eradication with doxycycline as first-line targeted therapy for
ocular adnexae lymphoma: Final results of an international phase II trial. J. Clin. Oncol. 2012, 30, 2988-2994.
[CrossRef] [PubMed]

® © 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http:/ /creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1158/1078-0432.CCR-12-0101
http://www.ncbi.nlm.nih.gov/pubmed/22791880
http://dx.doi.org/10.1016/j.ccr.2007.12.020
http://www.ncbi.nlm.nih.gov/pubmed/18167335
http://dx.doi.org/10.1182/blood-2007-09-111948
http://www.ncbi.nlm.nih.gov/pubmed/18160665
http://dx.doi.org/10.1158/0008-5472.CAN-10-2380
http://www.ncbi.nlm.nih.gov/pubmed/21521803
http://dx.doi.org/10.4049/jimmunol.1000901
http://www.ncbi.nlm.nih.gov/pubmed/20644162
http://dx.doi.org/10.1007/s10555-011-9280-5
http://www.ncbi.nlm.nih.gov/pubmed/21249424
http://dx.doi.org/10.1097/PRS.0000000000002010
http://www.ncbi.nlm.nih.gov/pubmed/26890506
http://dx.doi.org/10.1016/j.micpath.2013.04.001
http://www.ncbi.nlm.nih.gov/pubmed/23583809
http://dx.doi.org/10.1016/j.dld.2017.12.006
http://www.ncbi.nlm.nih.gov/pubmed/29301732
http://dx.doi.org/10.1200/JCO.2011.41.4466
http://www.ncbi.nlm.nih.gov/pubmed/22802315
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Breast Implants 
	Capsular Contracture 
	Aetiopathogenesis of Capsular Contracture (CC) 
	Breast Implant Associated Anaplastic Large Cell Lymphoma 
	References

