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Abstract. Surgical implantation of breast prostheses has 
become increasingly popular while the incidence of breast 
cancer is increasing each year. There has been no definitive 
consensus regarding the casual relationship between augmen-
tation mammoplasty and breast cancer incidence, detection, 
treatment, mortality and survival. This review summarizes 
the published evidence, including epidemiological studies and 
case reports. All studies examined state that there is no breast 
cancer risk in prior augmented women. Moreover, there is also 
no significant difference in frequency, stage or mean tumor 
size between augmented and non-augmented women.
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1. Introduction

Breast cancer is by far the most frequent cancer among women 
with an estimated 1.38 million new cancer cases diagnosed in 
2008 (23% of all cancers), and ranks second overall (10.9% of 
all cancers). It is now the most common cancer both in devel-
oped and developing regions with around 690,000 new cases 
estimated in each region (population ratio 1:4). Incidence rates 
vary from 19.3 per 100,000 women in Eastern Africa to 89.7 

per 100,000 women in Western Europe, and are high (greater 
than 80 per 100,000) in developed regions of the world (except 
Japan) and low (less than 40 per 100,000) in most of the devel-
oping regions. The range of mortality rates is much less (6-19 
per 100,000) because of the more favorable survival of breast 
cancer in (high-incidence) developed regions. As a result, 
breast cancer ranks as the fifth cause of death from cancer 
overall (458,000 deaths), but it is still the most frequent cause 
of cancer death in women in both developing (269,000 deaths, 
12.7% of total) and developed regions, where the estimated 
189,000 deaths is almost equal to the estimated number of 
deaths from lung cancer (188,000 deaths) (1).

Many of the established risk factors are linked to estrogens. 
Risk is increased by early menarche, late menopause, and 
obesity in postmenopausal women, and prospective studies 
have shown that high concentrations of endogenous estradiol 
are associated with an increase in risk.

Breast augmentation surgery is one of the most popular 
cosmetic procedures for women, annually more than 318,123 
operations are performed (2). In 2011, an estimated 230,480 
new cases of invasive breast cancer were expected to be diag-
nosed in women in the USA (30%), along with 57,650 new 
cases of non-invasive (in situ) breast cancer (3). Considering 
these data it may be assumed that over 87,643 augmented 
women could develop breast cancer each year. It is therefore 
important to understand the potential effect of implants on 
breast cancer focusing on risk estimate and comparing differ-
ences between augmented and non-augmented women.

2. Risk estimate of breast cancer in women with prior 
breast enlargement

There has been no definitive consensus regarding the causal 
relationship between breast augmentation and breast cancer. 
The published data regarding breast cancer following augmen-
tation mammoplasty are limited and contradictory.

Several cohort studies have been analysed and compared 
with the purpose to find a relationship between expected 
cases (using general population rates from the Surveillance, 
Epidemiology and End Results program) and effective cases 
(Table I).

The earliest cohort study was conducted in Los Angeles 
examining 3,111 cosmetic breast implant patients from the 
records of the private practices of 35 board-certified plastic 
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surgeons in Los Angeles County, CA. Breast cancer diagnosis 
were determined by linkage with the Los Angeles Cancer 
Registry. The expected number of breast cancers was calcu-
lated from the population-based breast cancer rates for Los 
Angeles. A standardised incidence ratio was computed as 
the number of observed breast cancer events divided by the 
expected number of events. A SIR greater than one indicates 
the breast cancer rate in the study group exceeds that expected 
in the SEER area, while a SIR less than one indicates a deficit 
in the breast cancer rate in the study population compared to 
that expected. With an average of 6.2 years after implanta-
tion only 57% of the expected number of breast cancer was 
observed (4,5). The same cohort population has been moni-
tored and updated for more than 15 years after implantation 
showing a constant low cancer risk at 10.6 years (66%), 14.4 
years (63%) and at 15.5 years (69%) (4,6,7).

Berkel et al conducted a similar study in Alberta, Canada 
examining a cohort of 11,676 patients with breast augmenta-
tion created from provincial medical records (8). Only 48% of 
the expected number of breast cancer was observed after 10.2 
postimplant years.

Another important retrospective cohort study examined 
patients from 18 plastic surgery practices in six geographical 
areas (Atlanta, GA; Birmingham, AL; Charlotte, NC; Miami 

and Orlando, FL; and Washington, DC). Medical records of 
13,488 subjects composed of all augmentation mammoplasty 
patients were identified for study. Cancer events were identi-
fied through questionnaires or death certificates. A total of 136 
breast cancers were observed and compared with the 152.2 
cases expected revealing a not statistically significant differ-
ence in breast cancer incidence (SIR 0.9) (9).

Among 24,558 cosmetic breast implant patients in the 
Canadian provinces of Ontario and Quebec, 676 subjects 
were affected of breast cancer during an average follow-up of 
15.4 years (for the Quebec patients) and 13.8 years (for the 
Ontario patients). Data from the Canadian Cancer Registry 
were compared with the affected population providing a non-
significally reduced estimate of breast cancer incidence (10).

3. Breast cancer characteristics between women treated 
with prior breast implants and not treated women

Determining breast cancer risk is not sufficient for studying 
the relationship between breast cancer and augmentation 
mammoplasty. It is therefore important to value and compare 
breast cancer in augmented and non-augmented patients with 
the purpose to establish how much a breast implant is able to 
affect detection, size and stage (Table II).

Table I. Summary of cohort studies of the incidence of breast cancer in patients with augmented breasts.

 No. of patients No. of breast No. of breast cancer cases Standardised incidence
Refs. with implants cancer patients expected (SEER program) ratio (SIR)

Deapen, et al (5) 3,111 9 15.7 0.57
Deapen and Brody (6) 3,112 21 31.7 0.66
Berkel, et al (8) 11,676 41 86.2 0.48
Deapen, et al (7) 3,182 37 38.29 0.63
Brinton, et al (9) 13,488 136 152.2 0.9
Brisson, et al (10) 24,558 676 899 0.57
Deapen (4) 3,139 43 62.6 0.69

Figure 1. Mammography procedure in women treated with breast implants. (A) Mammography without Eklund technique; (B) mammography with Eklund 
technique.
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It is assumed that the presence of a prosthesis in the 
mammary parenchyma may interfere with the physical 
examination (palpability) and the radiographic imaging 
(mammography) increasing the risk of late detection lesions. 
Furthermore, scarring, fat necrosis or capsule contraction 
(Baker grade 1-4) may appear as thickened areas or palpable 
lumps in association with calcium deposits that can be misin-
terpreted on mammography as malignant calcifications. To 
minimize the shadow cast produced by an implant interfering 
with breast tissue visualization, a displacement technique has 
been introduced by Eklund et al (12) with the aim to increase 
mammographic sensitivity (Fig. 1).

Some authors report in singular cases that cancers in 
augmented women usually are more advanced at the time of 
detection (13,14), whereas others have reported no signifi-
cant difference in tumor size or stage at the time of diagnosis 
in augmented women compared to non-augmented women.

Tanaka et al reported in 2008 a case of three invasive micro-
papillary carcinomas in a 64-year-old woman who underwent 

breast augmentation 42 years before (14). The multiple tumors 
were located next to the siliconomas suggesting a possible 
relationship between siliconomas and the onset of carcinomas.

Birdsell et al (15) examined 13,287 women with breast 
cancer diagnosed between 1973 and 1990 in Alberta. Among 
this group, 41 women underwent augmentation mammoplasty 
before cancer diagnosis (Table II). The study was carried out 
before the beginning of breast screening programmes, so we 
can deduce that the majority of patients were symptomatic. 
The authors revealed a higher incidence of in situ carcinoma 
in women with implants (12%) compared to non-implanted 
patients (3.5%). Tumors in 66% of augmented women were 
significantly smaller in diameter (<2 cm) compared with 
34% of women without implants (Table III). No statistically 
significant difference in 5- and 10-year survival was identified 
between the groups.

Clark et al (16) compared 1,735 non-augmented breast 
cancer women with 33 breast cancer augmented patients 
(Table II). No difference in mammografically detection was 

Table II. Summary of the studies comparing breast cancer patients with and without implants.

  No. of breast cancer patients No. of breast cancer patients
Study No. of breast cancer patients with implants without implants

Birdsell, et al (15) 13,287 41 13,246
Clark, et al (16) 1,768 33 1,735
Cahan, et al (17) 633 22 611
Skinner, et al (18) 2,956 99 2,857
James, et al (19) 4,186 76 4,110
Tuli, et al (20) 3,565 12 3,553
Handel (11) 4,082 129 3,953

Table III. Comparison of tumor stage and mean tumor size between augmented and non-augmented breast cancer patients.

Study Ductal carcinoma in situ (%) Invasive carcinoma (%) Mean tumor size

Birdsell, et al (15)
  Augmented 12 88 66% of patients <2 cm
  Non-augmented 3.5 96.5 34% of patients <2 cm

Skinner, et al (18)
  Augmented 17.2 82.8 25.5 mm
  Non-augmented 41.3 58.7 29.7 mm

James, et al (19)
  Augmented 9.6 90.4 25% of patients <1 cm
  Non-augmented 12.2 87.8 23.3% of patients <1 cm

Tuli, et al (20)
  Augmented 17 83 17.7 mm
  Non-augmented 23 77 17.9 mm

Handel (11)
  Augmented 27.3 72.7 23.2 mm
  Non-augmented 33.3 66.7 23.8 mm
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found between the groups. However, palpable tumors were 
smaller in augmented breasts.

Another study conducted by Cahan et al (17) reviewed 
from 1977 to 1992 the cases of 22 women with breast cancer 
previously treated with breast augmentation mammoplasty 
(Table II). These patients were compared with a group of 611 
women with breast cancer but without implants. This study 
revealed no significant difference in incidence of in situ 
disease and mean tumor size (tumors in augmented patients 
tended to be smaller than in non-augmented women).

Between 1980 and 1999, Skinner et al (18) examined 2,956 
cases of breast cancer women from Los Angeles. Ninety-nine 
of them had prior augmented breast (Table II). A very high 
percentage of augmented women presented palpable cancer 
(82.9%) in contrast to the non-augmented group (63.8%). 
Mammography was interpreted abnormal in 66.3% of the 
augmented patients and 94.6% of the non-augmented patients. 
Women with breast prosthesis presented more often invasive 
tumors (82.8%), however, there was no significant difference 
in mean size tumor (Table III). Furthermore, no difference 
in 2- and 10-year survival has been revealed between cohort 
patients.

In 2004 James et al (19) identified from January 1987 to 
February 2002 in Florida 76 breast cancers who had previ-
ously undergone breast augmentation (Table II). The authors 
were able to identify the method of initial presentation in 
69 cases. Seventy percent of them (48 of 69) were palpable, 
whereas the remaining 30% (21 of 69) were mammographi-
cally identified. During the same period a cohort population of  
4,110 non-augmented breast cancer patients was compared for 
tumor size and stage. Women with prior breast augmentation 
were more likely to have smaller tumors. Twenty-five percent 
of augmented patients (25 of 73 women) presented a tumor 
mean size <1 cm. This compares with 23.3% (957 of 4,110) 
in the control group (Table III). Even though only 9.6% of 
augmented patients presented with carcinoma in situ, the two 
groups do not differ significally in tumor stage.

An extensive study of medical records was conducted by 
Tuli et al (20) at the Thomas Jefferson University Hospital 
Department of Surgery from 1998 to 2004 examining 12 prior 
augmented breast patients among 3,565 breast cancer patients 
(Table II). Tumor detection has been achieved through self-
clinical breast examination in eight cases (67%), whereas in 
only four patients (33%) breast abnormalities were visualiz-
able by screening mammography. Even in this study there is 
no significant difference either in tumor mean size or in tumor 
stage (Table III).

In 2007, Handel et al (11) published a study comparing 
129 prior augmented breast cancer patients with a control 
case group of 3,953 breast cancer patients treated between 
1981 and 2004 at the Breast Center in Van Nuys, and at the 
Kenneth Norris Comprehensive Cancer Center in Los Angeles 
(Table II). Eighty-seven augmented and 1,741 non-augmented 
patients had palpable cancers. Among these groups mammog-
raphy was positive in 58.6% of augmented cases and in 91.2% 
of non-augmented cases. Infiltrating ductal tumors were 
compared in size revealing no significant difference between 
the two groups. Compared to previous studies, in situ disease 
has a higher percentage frequency among the augmented cases 
(27.3%) (Table III).

4. Conclusions

Extensive research has shown that breast implants do not 
increase the risk of breast cancer incidence. All current 
studies report a non-significant standardized incidence ratio. 
However, it is inevitable that many augmented women will 
eventually develop breast cancer. Several studies document 
persistent concerns about the relationship between breast 
implants and breast cancer detection even adopting the 
Eklund's technique.

Tumor palpability has been found to be a relevant charac-
teristic among the augmented population. In non-symptomatic 
patients if mammography is not sufficient, magnetic resonance 
imaging should be considered as a valuable choice in suspected 
cases.

Breast cancer characteristics do not differ among the prior 
breast augmented patients and non-breast augmented patients. 
Data reveal a lower mean tumor size among the women 
who underwent breast enlargement compared to the control 
population in association with a more frequent incidence of 
infiltrating breast cancer.

The respect of the proper oncologic principles and the 
preservation of an aesthetically acceptable breast shape are the 
most determining factors of an effective treatment. Although 
breast conserving therapy may appear aesthetically satisfying, 
many severe implant distortions and postoperative radio-
therapy complications can occur. Modified radical mastectomy 
with immediate reconstruction may achieve superior aesthetic 
results (11,19,21,22).
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