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There are an estimated 10 million women 
worldwide with breast implants.1 In the United 
States, breast augmentation is the number 

one cosmetic procedure performed, with a recent 
estimate of over 550,000 implants placed per year.2 
Breast implant–associated anaplastic large cell 
lymphoma (ALCL) is a distinctive type of T-cell 
lymphoma that arises around breast implants.1 
Although rare, it has been documented worldwide, 
with the sentinel case reported in 1997.3 Since that 
time, over 170 cases have been documented.4 Most 
cases have been diagnosed during revision surgery 
for a delayed or persistent seroma, associated with 

breast pain or swelling, occurring on average 9 years 
after implantation.5,6 All reported cases of breast 
implant–associated ALCL with adequate surgical 
history have involved a textured breast implant.4,6,7 
There have been only two reports in the literature 
indicating that breast implant–associated ALCL 
may have occurred in association with a smooth 
silicone gel implant.8,9 However, these reports 
are questionable, as the clinical history given in 
both case reports reveals that the implant surface 
was unknown or the implant had been replaced 
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Background: Breast implant–associated anaplastic large cell lymphoma (ALCL) 
is a distinctive type of T-cell lymphoma that arises around breast implants. Al-
though rare, all cases with adequate history have involved a textured breast 
implant. The objective of this study was to determine the U.S. incidence and 
lifetime prevalence of breast implant–associated ALCL in women with textured 
breast implants.
Methods: This is a retrospective review of documented cases of breast implant–
associated ALCL in the United States from 1996 to 2015. The incidence and 
prevalence were determined based on a literature and institutional database 
review of breast implant–associated ALCL cases and textured breast implant 
sales figures from implant manufacturers’ annualized data.
Results: One hundred pathologically confirmed breast implant–associated 
ALCL cases were identified in the United States. Mean age at diagnosis was 53.2 
± 12.3 years. Mean interval from implant placement to diagnosis was 10.7 ± 4.6 
years. Forty-nine patients had breast implants placed for cosmetic reasons, 44 
for mastectomy reconstruction, and seven for unknown reasons. Assuming that 
breast implant–associated ALCL occurs only in textured breast implants, the 
incidence rate is 2.03 per 1 million person-years (203 per 100 million person-
years), which is 67.6 times higher than that of primary ALCL of the breast in 
the general population (three per 100 million per year; p < 0.001). Lifetime 
prevalence was 33 per 1 million persons with textured breast implants.
Conclusions: This study demonstrates a statistically significant association be-
tween textured breast implants and breast implant–associated ALCL. Although 
women with a textured breast implant have a low risk of developing breast 
implant–associated ALCL, the current U.S. incidence is significantly higher 
than that of primary ALCL of the breast in the general population. (Plast. 
Reconstr. Surg. 139: 1042, 2017.)

From the Department of Plastic Surgery, Medical College of 
Wisconsin, Tosa Center; and the Departments of Hematopa-
thology and Plastic Surgery, The University of Texas M. D. 
Anderson Cancer Center.
Received for publication August 16, 2016; accepted 
 November 4, 2016.

U.S. Epidemiology of Breast Implant–Associated 
Anaplastic Large Cell Lymphoma

2017

A “Hot Topic Video” by Editor-in-Chief Rod J. 
Rohrich, M.D., accompanies this article. Go to 
PRSJournal.com and click on “Plastic Surgery 
Hot Topics” in the “Digital Media” tab to watch. 
On the iPad, tap on the Hot Topics icon.

BREAST CAN-099553-180925



Copyright © 2017 American Society of Plastic Surgeons. Unauthorized reproduction of this article is prohibited. 

Volume 139, Number 5 • Breast Implant–Associated ALCL

1043

multiple times with other types of implants that 
were incompletely documented.

Because of the rarity and sporadic reporting 
of breast implant–associated ALCL, accurate esti-
mations of its incidence and prevalence have been 
difficult to determine. A 2008 Dutch study found 
a positive association between breast implants and 
the development of ALCL, with an odds ratio of 
18.2 (95 percent CI, 2.1 to 156.8), meaning that 
patients with implants were 18 times more likely 
to develop ALCL than patients without breast 
implants.10 The authors reported the incidence to 
vary between 0.1 and 0.3 per 100,000 women with 
prostheses per year, based on five cases in a rela-
tively small study population.10

In 2011, the U.S. Food and Drug Administra-
tion (FDA) published a safety communication 
stating, “Women with breast implants may have a 
very small but increased risk of developing ALCL 
in the scar capsule adjacent to an implant.”1 The 
FDA based this safety communication on pub-
lished reports of the first 34 published cases of 
breast implant–associated ALCL known at that 
time. Without any additional epidemiologic data 
in the literature, they estimated the incidence of 
primary ALCL of the breast to be approximately 
three in 100 million women per year in the United 
States, based on data from the Surveillance, 
Epidemiology, and End Results Program of the 
National Cancer Institute.11 This reported inci-
dence, however, is not specific to breast implant–
related ALCL, but instead represents any ALCL of 
the breast in the general population. In 2016, the 
FDA subsequently updated their safety communi-
cation to reflect that their Manufacturer and User 
Facility Device Experience database had received 
approximately 258 adverse event reports of ALCL 
in women with breast implants as of September of 
2015. The purpose of this study was to more accu-
rately determine the U.S. incidence and lifetime 
prevalence of breast implant–associated ALCL in 
women with textured breast implants.

PATIENTS AND METHODS

Study Design
We performed a retrospective review of the 

U.S. literature of documented cases of breast 
implant–associated ALCL from 1996 to 2015, 
with the first known case documented in 1996. 
Corresponding authors of all published cases 
were contacted to request clinical information, 
pathology slides, and treatment and follow-up 
data. All slides were centralized to our institution 
and were reviewed at The University of Texas 

M. D. Anderson Cancer Center and pathologi-
cally confirmed by the following criteria. Breast 
implant–associated ALCL was defined as a T-cell 
lymphoma that was in continuity with a breast 
implant or scar capsule, composed of large, 
pleomorphic cells that uniformly expressed 
CD30 and lacked anaplastic lymphoma kinase 
expression or genetic abnormalities involving 
anaplastic lymphoma kinase at chromosome 
2q23. Unpublished cases diagnosed at our insti-
tution and the cases we were able to pathologi-
cally confirm from the literature created our 
institutional registry of confirmed U.S. cases of 
breast implant–associated ALCL. We included 
only those cases that had been pathologically 
confirmed by strict criteria as breast implant–
associated ALCL and had clinical, therapeutic, 
and follow-up data, including age at diagno-
sis; date of first breast implant placement; date 
of diagnosis; surgical history; treatment; and 
follow-up indicating whether the patient was 
disease-free, alive, or dead. We recorded addi-
tional patient clinical data, including breast 
implant procedures, reason for breast implanta-
tion, implant manufacturer, and device textur-
ing. We determined the incidence and lifetime 
prevalence of breast implant–associated ALCL 
among women with textured breast implants 
on the basis of U.S. textured breast implant 
sales figures publicly available or provided by 
the implant manufacturers, Allergan (Allergan, 
Inc., Irvine, Calif.) and Mentor (Mentor World-
wide LLC, Santa Barbara, Calif.) (Fig. 1). Aller-
gan Corporation performs a salt-loss technique 
for shell texturization, and Mentor Corporation 
performs a negative-imprint stamping technique 
for texturization.

Statistical Analysis
Because all confirmed cases to date of breast 

implant–associated ALCL with adequate clini-
cal history are documented to have occurred in 
patients with a textured breast implant, we esti-
mated the incidence rates by assuming that all 
cases had textured breast implants. We deter-
mined the U.S. incidence of breast implant–
associated ALCL per year and overall from 1996 
to 2015. The incidence was determined using the 
number of newly diagnosed cases per year and 
the number of textured breast implants in the 
U.S. population for the same year and provided 
an exact Poisson 95 percent confidence inter-
val. We estimated the number of textured breast 
implants in the population assuming a 0.7 percent 
breast implant removal rate per year (Fig. 2). This 
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was based on data from the Natrelle 410 implant 
study reporting an average implant removal rate 
of 6.7 percent at 10 years.12 A binomial test com-
pared the overall breast implant–associated ALCL 
incidence rate to the previously reported U.S. 
primary breast ALCL incidence rate of three in 
100 million.11 Values of p < 0.05 were considered 
significant.

Because breast implant–associated ALCL is 
a curable disease in most patients, with median 
overall survival rates of 93 percent and 89 per-
cent at 3 and 5 years, respectively, we used life-
time prevalence as our statistical measure.7 

Lifetime prevalence reflects the number of 
individuals in a population that at some point 
in their life experienced the disease in ques-
tion. Because the study period was from 1996 
to 2015, we considered this rate as the 20-year 
prevalence. We calculated the lifetime preva-
lence from the number of cumulative cases up 
to the time of assessment divided by the number 
of women having textured breast implants at the 
time of the assessment. These analyses were per-
formed using SAS 9.3 (SAS Institute, Inc., Cary, 
N.C.) and R (The R Foundation for Statistical 
Computing, Vienna, Austria).

Fig. 1. U.S. textured breast implant sales figures, including manufacturers Allergan and 
Mentor, from 1987 to 2015.

Fig. 2. Number of implanted textured breast implants in the U.S. population per year.
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RESULTS

Patient Characteristics
Table 1 summarizes the patients’ demo-

graphic and clinical characteristics. We identified 
and pathologically confirmed a total of 100 breast 
implant–associated ALCL cases in the United 
States from 1996 to 2015. Figure 3 demonstrates 
the cases documented geographically across the 
United States during that period. The mean age 
at the time of diagnosis was 53.2 ± 12.3 years. The 

mean interval from breast implantation to diagno-
sis of disease was 10.7 ± 4.6 years (Fig. 4). Forty-nine 
percent of patients received breast implants for 
cosmetic augmentation and 44 percent received 
implants for postmastectomy breast reconstruc-
tion; 7 percent received implants for unknown 
reasons. Among the 100 cases, 51 patients had 
a confirmed history of textured breast implants, 
no patients reported smooth implants, and the 
implant texturing status was unknown for 49 
patients.

Incidence of Breast Implant–Associated ALCL
Figure 5 illustrates the number of newly diag-

nosed cases of breast implant–associated ALCL 
by year and per implant manufacturer. The inci-
dence of cases in textured breast implants was 2.03 
per 1 million person-years (i.e., 203 cases of breast 
implant–associated ALCL per 100 million person-
years), which was 67.6 times higher than the inci-
dence of primary ALCL in the breast, based on 
Surveillance, Epidemiology, and End Results data 
reporting an incidence rate of 3 per 100 million 
per year (p < 0.0001).11 Figure 6 demonstrates the 
incidence rates by year from 1996 to 2015. Inci-
dence rates ranged from one to three per 1 mil-
lion person-years over time until an increase in 
2011, potentially because of an increase in aware-
ness and reporting.

We then evaluated the incidence of breast 
implant–associated ALCL by implant manu-
facturer (Fig. 5). The overall incidence rate for 

Table 1. Patient Demographics and Implant 
Characteristics

Variable Frequency (%)

No. 100
Mean age ± SD, yr 53.2 ±12.3
Mean interval from implant to 

diagnosis of BIA-ALCL ± SD 10.7 ± 4.6
Reason for implant  
  Cosmetic 49 (49)
  Mastectomy 44 (44)
  Unknown 7 (7)
Texturing of implant  
  Textured 51 (51)
  Smooth 0 (0)
  Unknown 49 (49)
Manufacture type  
  Salt-loss 43 (43)
  Negative-imprint stamp 5 (5)
  Both 3 (3)
  Unknown 49 (49)
Incidence years  
  Before 2000 7 (7)
  2000–2013 70 (70)
  After 2013 23 (23)

Fig. 3. Geographic distribution of the 100 U.S. cases of breast implant–associated ALCL.
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salt-loss implants during this period was 1.87 per 
1 million person-years. The overall incidence rate 
of breast implant–associated ALCL for negative-
imprint stamping implants during this period was 
0.33 per 1 million person-years. Compared to the 
salt-loss implants, the negative-imprint stamping 
implants were associated with a significantly lower 
incidence rate (p < 0.001). Pure cases represent-
ing exclusively each texturing technique were 

reported in the data set for both types of texturing 
surface studied.

Lifetime Prevalence of Breast Implant–
Associated ALCL

Based on annualized sales data, we estimated 
there were approximately 3 million women with 
textured breast implants in the United States by 
2015 (Fig. 2). From 1996 to 2015, in total, 100 
women were diagnosed with breast implant–asso-
ciated ALCL. Therefore, the lifetime prevalence 
of the disease was 33 per 1 million women with a 
textured breast implant, or 1 per 30,000 women 
with a textured breast implant.

DISCUSSION
This is the first U.S. report demonstrating that 

the absolute risk of developing breast implant–
associated ALCL around a textured breast implant 
appears to be significantly higher than the risk 
of developing primary breast ALCL in the gen-
eral population. This study strengthens previous 
reports of an association but does not address cau-
sation, an important distinction that is outside the 
scope of this article. The disease appears to develop 
just over 10 years from the time of implant place-
ment. Our reported incidence of 2.03 per 1 mil-
lion person-years means that one case of breast 

Fig. 4. Time intervals from breast implant placement to diagno-
sis of breast implant–associated ALCL.

Fig. 5. Number of U.S. breast implant–associated ALCL cases by year and implant manufacturer. BI-ALCL, breast 
implant–associated ALCL.
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implant–associated ALCL will be observed when 
50,000 patients with textured breast implants are 
followed for 10 years. Our reported lifetime preva-
lence is one in 30,000 women with textured breast 
implants. A limitation of the study is that these rates 
assume the disease predominantly or exclusively 
occurs in association with textured breast implants.

Accurate epidemiologic data on the incidence 
and prevalence of breast implant–associated 
ALCL have been lacking because of small study 
populations, inaccurate and unconfirmed report-
ing, and inclusion of both smooth and textured 
breast implant sales figures. Previously published 
U.S. epidemiologic studies among patients with 
breast implants have concluded that there was 
no association between implant devices and lym-
phoma.8,13–20 However, these studies were limited 
by sample size and short follow-up. Surveillance, 
Epidemiology, and End Results data report a rela-
tively low U.S. incidence of primary breast ALCL, 
three in 100 million women per year.11 However, 
our study not only suggests a statistically signifi-
cant association between textured breast implants 
and breast implant–associated ALCL but also 
finds the incidence to be approximately 66 times 
higher than that of primary breast ALCL in the 
general population.

Previous literature supports our study find-
ings of an association between breast implants and 
the development of ALCL, but with several limi-
tations. The 2008 study from The Netherlands10 
reporting five cases of breast implant–associated 

ALCL and an estimated incidence of 0.1 to 0.3 
per 100,000 women with breast implants per 
year was limited by a small sample size (n = 5), 
documented “uncertain data” of sales figures for 
number of breast implants, and inclusion of all 
implants, both smooth and textured. In 2011, Lar-
gent et al.8 reported on observed cases of ALCL in 
Allergan-sponsored breast implant clinical studies. 
They reported three cases of ALCL per 204,682 
person-years, yielding a “crude incidence of 1.46 
per 100,000 person-years.”8 More recently, in 2015, 
Wang et al.21 reported an association between 
breast implants and ALCL. They performed a pro-
spective cohort study of a population of 123,392 
women, 2990 of whom had breast implants. The 
population was followed for 20 years, and two cases 
of breast implant–associated ALCL developed in 
women with breast implants, resulting in a statis-
tically significant association and an increased 
risk of 10.9-fold for ALCL in women with breast 
implants.21 Like study from The Netherlands, 
these studies were also limited by a small number 
of cases, the inclusion of both smooth and tex-
tured devices, questionable diagnostic criteria, and 
a short mean duration of follow-up.8,10,21 Recently, 
McGuire and colleagues reported on the long-
term follow-up of 17,656 women receiving 31,985 
salt-loss textured implants and found four breast 
implant–associated ALCL cases at a mean follow-
up of 3.4 years.22 While not intended to be an epi-
demiology study, this represents the largest series 
ever reported for any type of textured implant.

Fig. 6. U.S. incidence rates of breast implant–associated ALCL per 1 million person-
years per year.
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In comparison with these previous reports, our 
study’s reported incidence is strengthened by veri-
fied annualized sales figures of textured implants 
by the major implant manufacturers in the United 
States during the study period. This allowed for a 
stable denominator to facilitate calculating the inci-
dence and prevalence of breast implant–associated 
ALCL. In addition, our study looks specifically at the 
population of women with textured breast implants, 
as no cases of breast implant–associated ALCL with 
a complete implant history have been described in 
patients with purely smooth implant devices to date 
worldwide. A limitation of our study methodology 
is that we assumed that breast implant–associated 
ALCL occurred only in textured breast implants. 
However, the available worldwide experience over 
two decades with breast implant–associated ALCL 
supports this assumption. Of the 100 reported 
U.S. cases of breast implant–associated ALCL, 
zero reported purely smooth breast implants, 51 
reported textured implants, and 49 did not report 
the type of implant. Furthermore, previous litera-
ture supports that breast implant–associated ALCL 
has only been confirmed in patients with textured 
breast implants when a complete implant history 
was known. In 2011, Largent et al.8 reported three 
cases of the disease, one of which was associated 
with a smooth breast prosthesis. However, in the 
documented cancer history, they state that it was 
unknown whether the original breast implant was 
textured, and it was followed by multiple subsequent 
implant exchanges.8 Similarly, a case report by 
Lazzeri et al.9 in 2011 reported a diagnosis of breast 
implant–associated ALCL 19 years after a McGhan 
smooth silicone gel implant was placed; however, 
the authors acknowledged that the patient had an 
implant exchange with an unknown device in the 
interim. In 2015, Brody et al.4 published a review 
of referral cases plus that of the world literature 
that included 173 cases. For all cases that reported 
an implant history, the patient was known to have 
had at least one textured device.4 In 2016, Clemens 
et al.7 reported on 87 documented and pathologi-
cally confirmed U.S. cases of breast implant–asso-
ciated ALCL treated with surgical resection. All of 
the patients for whom a complete surgical history 
was available had a textured breast implant.7 Based 
on these data, we believe that our study makes a 
reasonable assumption that all cases of the disease 
have occurred with textured breast implants, as no 
cases have ever been confirmed in patients who 
received only smooth implants. One cannot say 
that there definitely are not or will never be any 
purely smooth implant cases, and based on our 
best understanding of possible causes, a few rare 

smooth cases may be reported in the years to come. 
Hypothetically, even if a few rare smooth cases were 
reported in the future, it remains statistically sig-
nificant that this is predominantly if not exclusively 
a textured association. Therefore, the purpose of 
this study to give a best evidence estimate of the 
current incidence and prevalence remains sound, 
and the data would still not shift measurably.

Another potential limitation of this study is its 
retrospective design. Because of the rare nature of 
this disease and the medical community’s relative 
unfamiliarity with its symptoms, it is very reasonable 
to assume that there were cases of breast implant–
associated ALCL during this review period that were 
either not documented or not diagnosed. Given 
this assumption, our reported incidence rate likely 
underestimates the actual incidence of the disease. 
In addition, we have reported the incidence rate per 
textured breast implant. If one assumes that most 
cosmetic augmentation patients have two breast 
implants and breast reconstructive patients have 
one or two implants, the incidence rate per person-
years would again be higher. This study could have 
been strengthened by the use of a matched control 
group or a prospective cohort study. However, this 
would have been impossible, as the entire popula-
tion of women receiving textured implants would 
have had to have been followed for more than 10 
years, as the time from breast implantation to diag-
nosis of disease has been reported to range from 8 
to 20 years.7,21 Most cohort studies involving tens of 
thousands of patients are underpowered, and may 
capture only one or a few patients. A national breast 
implant registry may have accomplished this goal 
but at present remains unavailable.

In our study, 43 percent of patients with breast 
implant–associated ALCL had a salt-loss implant, 
only 5 percent had a negative-imprint stamping 
technique implant, and 3 percent had a history 
of both. Without knowing the manufacturer for 
49 percent of the study population, it was impos-
sible to determine the true incidence of the disease 
by implant manufacturer. We estimated the inci-
dence rates using the known salt-loss and negative-
imprint stamping cases. With this assumption, the 
overall incidence rate for salt-loss was 1.87 per 1 
million person-years, whereas the incidence rate 
for negative-imprint stamping was 0.33 per 1 mil-
lion person-years. This observed difference in 
manufacturer incidence rates may be important, as 
the method of implant texturing differs by manu-
facturer, resulting in different microscopic prop-
erties of the textured silicone surface that may be 
associated with the development of breast implant–
associated ALCL. However, limited and incomplete 
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data with significant confounders such as report-
ing bias, brand identifier labeling differences over 
time, and surgical technique variation may signifi-
cantly skew conclusions about the frequency of 
events associated with a particular device. Although 
negative-imprint stamping products were associ-
ated with a significantly lower incidence rate (p < 
0.001) in this study, an important conclusion from 
our findings is that breast implant–associated ALCL 
has occurred in patients with all types of textured 
implants and does not appear to be solely associ-
ated with a specific method of implant texturing. 
Furthermore, cases have been reported worldwide 
with a number of different textured implant man-
ufacturers not included in this national study.23 It 
is important to note that recently the Australian 
Therapeutic Goods Administration released an 
update on breast implant–associated ALCL, and 
based on internal calculations of 46 national cases, 
came to an estimated disease risk of 1 in 1000 to 
1 in 10,000 women with textured implants.24 This 
discrepancy in risk between Australia and our U.S. 
data may be due to geographic predisposition or 
physician reporting and requires further study.

Although we report here an association 
between textured breast implants and the devel-
opment of breast implant–associated ALCL, the 
epidemiologic data from our study do not address 
mechanisms of causation. There are many theo-
ries surrounding development of the disease. 
Some theories implicate the immune system 
response to chronic inflammation, likely induced 
by silicone particulate, modified silicone, or bac-
terial antigen in a genetically susceptible patient, 
much like the link between Helicobacter pylori infec-
tion and gastric lymphoma.25 In a recent study, Hu 
et al. compared the implant capsules of patients 
with breast implant–associated ALCL to those of 
patients with normal capsular contracture, find-
ing a high bacterial load and significantly differ-
ent microbiome in the breast implant–associated 
ALCL specimens.26 They propose this finding as 
a potential explanation for the differing rates of 
breast implant–associated ALCL throughout the 
world.26 Previous work comparing the capsules 
of textured and smooth implants in pigs showed 
that there are increased lymphocytes on textured 
breast implants, with a T-cell predominance, fur-
ther supporting the association between textured 
implants and breast implant–associated ALCL.27–30 
Further research into pathogenesis, genetic driv-
ers, and geographic distributions will help eluci-
date the shortcomings of this study.

The goal of this study was to try to quantify 
the relative risk of breast implant–associated 

ALCL in patients with textured implants to 
facilitate more informed discussions with our 
patients. The FDA maintains that all breast 
implants, textured and smooth, have a reason-
able assurance of safety and efficacy and that 
ALCL remains a very rare disease. The FDA 
assures us that physicians do not need to make 
any changes to their current practice because of 
the risk of breast implant–associated ALCL, and 
should continue to provide routine care and 
support to asymptomatic patients. We believe 
that breast implant–associated ALCL disclo-
sure should occur during the informed consent 
process for all breast implant procedures.31 We 
recommend informing patients that, although 
very rare, the risk of developing ALCL around 
a textured breast implant is higher than the 
risk of developing ALCL in the general popula-
tion. Screening or prophylactic breast implant 
removal in patients without symptoms or other 
abnormality is not recommended. Diagnosis and 
management of breast implant–associated ALCL 
should follow standardized guidelines recently 
released from the National Comprehensive 
Cancer Network.32 Efforts need to be made to 
increase public awareness and health care pro-
vider education on this topic.

CONCLUSIONS
This study represents the first U.S. popula-

tion-based report demonstrating that the abso-
lute risk of developing breast implant–associated 
ALCL around a textured breast implant is much 
higher than the risk of developing breast ALCL 
in the general population. Although patients with 
a textured breast implant have a very low risk of 
breast implant–associated ALCL, the current inci-
dence of the disease is greater than that previously 
reported. In light of this, we believe that a discus-
sion of the risk of breast implant–associated ALCL 
should be a standard part of the informed consent 
process before placement of a breast implant. Fur-
thermore, improved global registry mechanisms 
are needed to elucidate predisposing factors 
and genetic susceptibility to this rare condition. 
Future studies are required to determine whether 
geographic, genetic, or surgical technique vari-
ability affects risk.
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