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Background: There is a paucity of data comparing the oncologic properties of breast cancer among patients previously having undergone
breast augmentation in either the subglandular or subpectoral planes. The objective of the present systematic review was to evaluate
whether implant location influenced the characteristics of breast tumors in previously augmented women.
Methods: A systematic literature search was performed to identify relevant articles reporting tumor characteristics in augmented patients.
The search included published articles in three electronic databases; Ovid MEDLINE, EMBASE, and PubMed. Comparative studies
(subglandular vs. subpectoral) were included.
Results: Analysis of data pooled from the included studies showed that subglandular implants had a higher frequency of tumors between
2 to 5 cm (26.5% vs. 9.9%, P = 0.0130). Subglandular implants also had a higher frequency of stage 2 tumors (42.9% vs. 23.7%, P
= 0.0308). There was no significant difference in lymphovascular invasion between the 2 groups. These results of this systematic review
suggest that the prognosis of patients undergoing augmentation is unaffected by implant location (subpectoral vs. subglandular).
Conclusions: With the absence of large randomized controlled trials, our study provides surgeons with an evidence-based reference to
improve informed consent with regards to implant placement.
(J Cancer Prev 2018;23:93-98)
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INTRODUCTION

nature of implants impairs the sensitivity of mammography,
10,11
even when employing the implant displacement technique.
This appears to be more pronounced when the implant is located
10,11
in the subglandular plane as opposed to subpectoral.
Conversely, implants have been speculated to facilitate the
detection of palpable breast tumors by providing a background on
which to palpate, and have also been associated with more
11-13
The clinical significance of these findings
invasive cancers.
remains unclear. While certain studies claim that women with
implants have breast cancer diagnosed at a more advanced stage,
14-19
To date,
other publications presented conflicting results.
there does not exist a systematic review of the literature
comparing the oncologic behavior of breast cancer between
previously augmented patients in the subglandular and
subpectoral planes. The objective of the present systematic

The demand for cosmetic breast augmentation continues to
increase in the United States. According to the American Society
of Aesthetic Plastic Surgeons, there were 310,444 cases of breast
augmentation in 2016, representing a 206.8% annual increase in
the number of procedures performed as compared to 20 years
1
ago. With an approximate 12.4% lifetime risk of developing
breast cancer, a significant proportion of augmented women will
go on to develop breast cancer and delayed detection remains an
2
ongoing concern. Numerous studies have been conducted to
evaluate whether an etiologic link exists between implants and
breast cancer. It has been concluded that women are not at an
increased risk of developing breast carcinoma following aug3-9
mentation. It is however well documented that the radiopaque
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review is to evaluate whether implant location (subglandular vs.
subpectoral) influences the characteristics of breast tumors in
previously augmented women.

MATERIALS AND METHODS
A search of the Ovid MEDLINE, EMBASE, and PubMed
databases was performed, starting from the establishment of
each database to August 1st 2017. An initial search was performed
using different spellings and versions of the following terms:
([“breast neoplasm”] and [“implant” or “prosthesis” or “augmentation mammoplasty” or “mammoplasty” or “alloplastic”]
and [“detection” or “screening”]). A separate search was also
performed using different spellings and versions of the following
terms: ([“prepectoral” or “subglandular” or “retropectoral” or
“subpectoral”] and [“breast neoplasms”]). Citations were limited
to human studies published in the English language. Studies were
included if subpectoral and subglandular implant subgroups were
separated and analyzed independently with regards to cancer

characteristics at presentation. The endpoints of interest were
tumor size, tumor grade and lymph node involvement at
diagnosis. Only comparative studies were included to reduce the
risk of confounding factors. Non-human studies, case reports
(＜ 8 patients), and review articles were excluded. Two independent
reviewers assessed the eligibility of the studies using the same
systematic inclusion/exclusion criteria. A total of 1,894 studies
were identified and further narrowed to 135 potentially eligible
studies after primary review. Studies were selected based on the
relevance of the title and/or abstract of retrieved records (Fig. 1).
The initial screen excluded studies with evidently irrelevant
titles or abstracts. If content was unclear in the initial screen
based on abstract review, a formal article review was undertaken.
Potentially eligible studies were further reviewed, leading to a
total of 2 eligible studies. Studies were also collected from an
extensive manual Internet search and from the reference list of
relevant articles, yielding one additional study. The systematic
review followed the guidelines provided by the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses

Figure 1. Flowchart of the search criteria and strategy used for the literature review.
Table 1. Overview of included studies characteristics and level of evidence
Study
21

Cho et al.
22
Douglas et al.
Spear et al.23

Year

Study design

Total number of implant

Subglandular (n)

Subpectoral (n)

Level of evidence

2017
1991
2008

Retrospective case control
Retrospective case control
Retrospective case control

90
8
32

27
6
16

63
2
16

3
4
4
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20

(PRISMA) statement. Subglandular and subpectoral implants
were compared with respect to tumor size, tumor stage, and
presence of lymphovascular invasion at initial presentation for
breast cancer screening. Variables were displayed as descriptive
data and compared by Fisher’s exact test and chi-square analysis
using IBM SPSS ver. 22 (IBM Co., Armonk, NY, USA). P-values ＜ 0.05
were considered to be statistically significant.

RESULTS
21

A total of three studies met the inclusion criteria (Cho et al.,
22
23
Douglas et al., and Spear et al. ) (Table 1). Tumor size, stage and

Table 2. Overall study results of included studies
Variable

Subglandular

Tumor size (cm)
＜ 2
2-5
＞ 5
Unknown
Tumor stage
0
1
2
3
4
Lymphovascular invasion
Present
Absent
Unknown

Subpectoral

P-value
a

30
13
2
4

(61.2)
(26.5)
(4.1)
(8.2)

62
8
7
4

(76.5)
(9.9)
(8.6)
(4.9)

7
15
18
2
0

(16.7)
(35.7)
(42.9)
(4.8)
(0)

24
26
18
8
0

(31.6)
(34.2)
(23.7)
(10.5)
(0)

18 (36.7)
30 (61.2)
1 (2.0)

23 (28.4)
55 (67.9)
3 (3.7)

0.052
0.0642
0.0130*
0.3286
0.4494
0.09b
0.0796
0.8704
0.0308*
0.2891
0.60a
0.3255
0.4383
0.5869

Values are presented as number (%). aFisher’s exact test was used.
b
Fisher’s exact test was used except for tumor stage 4. *P ＜ 0.05.

the presence of lymphovascular involvement were the only
variables with enough data for comparison (Table 2). Exact
carcinoma subtype (lobular vs. ductal), tumor grade, and presence
of metastasis could not be compared due to incomplete or
insufficient data. The following analyses were performed:

1. Tumor size
Tumor size, measured by the pathologist, was categorized into
the following three categories: ＜ 2 cm, 2 to 5 cm, and ＞ 5 cm,
24
based on tumor size classification in the TNM staging system.
All 3 studies were included in the analysis with an effective
sample size of 122 (Table 3). A difference in tumor sizes, trending
towards statistical significance (P = 0.052) was observed between
patients receiving subglandular and subpectoral implants.
Subgroup analysis of data pooled from the 3 studies showed that
subglandular implants were associated with a higher frequency of
tumors between 2 to 5 cm (P = 0.0130). There was also a higher
frequency of tumors ＜ 2 cm in the subglandular group, with
borderline statistical significance (P-value = 0.0642). There were
no difference in the frequency of tumors ＞ 5 cm.

2. Tumor stage
Tumor stage was categorized from 0 to 4, based on the TNM
24
21
23
staging system. Two studies (Cho et al. and Spear et al. ) were
included with an effective sample size of 118 (Table 4). Overall,
the difference in tumor stages between both groups was not
considered statistically significant (P = 0.09). Subgroup analysis
of the pooled data demonstrated a higher frequency in stage 2
tumors (P = 0.0308) in the subglandular group. The remainder of
the comparison demonstrated no difference in frequency

Table 3. Tumor size characteristics
Tumor size (cm) (subglandular)
Variable
21

Cho et al. (2017)
22
Douglas et al. (1991)
23
Spear et al. (2008)

Tumor size (cm) (subpectoral)

＜ 2

2-5

＞ 5

Unknown

＜ 2

2-5

＞ 5

Unknown

15
5
10

8
1
4

0
0
2

4
0
0

45
2
15

7
0
1

7
0
0

4
0
0

Values are presented as number only.

Table 4. Tumor stage characteristics
Tumor stage (subglandular)

Tumor stage (subpectoral)

Variable
21

Cho et al. (2017)
23
Spear et al. (2008)

0

1

2

3

4

0

1

2

3

4

2
5

13
2

11
7

0
2

0
0

20
4

19
7

13
5

8
0

0
0

Values are oresented as number only.
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Table 5. LV invasion characteristics
LV invasion (subglandular)

LV invasion (subpectoral)

Variable
21

Cho et al. (2017)
22
Douglas et al. (1991)
23
Spear et al. (2008)

Present

Absent

Unknown

10
2
6

16
4
10

1
-

Present
17
1
5

Absent
43
1
11

Unknown
3
-

Values are presented as number only. LV, lymphovascular.

between the subpectoral and subglandular groups.

3. Lymphovascular invasion
Presence of lymphovascular invasion was a binary outcome
(yes or no). All 3 studies were included with an effective sample
size of 126 (Table 5). Analysis of data pooled from the 3 studies
demonstrated no significant difference between lymphovascular
invasion and implant position (P = 0.60).

DISCUSSION
In the current review, implant location (subpectoral vs.
subglandular) did not have a significant overall impact on cancer
screening. Subgroup analyses demonstrated that subglandular
implants had a higher frequency of tumors between 2 to 5 cm and
stage 2 tumors, although no statistical significance was observed
overall. There was also a difference in tumors ＜ 2 cm, albeit not
statistically significant (P = 0.0642). This finding potentially
suggests that the increased distortion caused by subglandular
implants may lead to delayed radiological detection of early
tumors. This result however did not translate to more aggressive
cancers, as there was no significant difference when comparing
tumors ＞ 5 cm, stage 3 tumors, and lymphovascular invasion
between groups. These results serve to suggest that the prognosis
of patients undergoing augmentation is unaffected by implant
location. It is important however that patients are made aware of
the inherent risk of false-negatives on mammography following
9
augmentation, and counseled to undergo regular screening
using both imaging and clinical examinations.
Delayed detection of occult breast cancers by means of
mammography in previously augmented patients remains an
area of ongoing concern. It has been reported in the literature that
the radio-opaque nature of implants may obscure the
9,25
visualization of breast tissue on mammography. The amount
25
of glandular tissue obscured by implants varies from 22% to 83%.
Silverstein et al.10 demonstrated that subglandular implants
resulted in in reduced measurable tissue area as compared to

subpectoral implants. These results were paralleled by Handel,9
who demonstrated that patients with subglandular implants had
a 37% reduction in the visualized tissue area as compared to 17%
in the subpectoral group. Despite utilization of Eklund’s
displacement technique, minimal improvement was observed.
Furthermore, in addition to implant placement, the presence of
capsular contracture further obscures the image, with a reported
9
range of 30% to 50% in Baker grades 1 to 2 and 3 to 4, respectively.
Capsular contracture in the context of subglandular implant
placement can potentially limit the sensitivity of mammography.
As a result of these factors, the sensitivity of mammography in
previously augmented women with palpable tumors has been
reported as reduced when compared to non-augmented
26-28
This association however is mainly based on older
women.
studies and updated prospective studies are needed due to
evolution in mammography quality and implants in the past
decades. Tumors in women following augmentation have been
shown to be primarily detected by palpation as opposed to
9,13,17
This has been explained by the smaller
mammography.
native breast tissue of these women as well as the implant serving
as a background upon which to palpate the breast tissue.
Furthermore, women undergoing cosmetic procedures may be
more body conscious and therefore more likely to identify
12
changes to their breasts.
Whether these aforementioned factors resulting in delayed
detection translate to more aggressive tumors remains inconclusive
in the literature. Previous studies have shown there is no
increased risk of breast cancer associated with implants and even
suggested that the incidence of breast carcinoma is lower than in
7
non-augmented women. Conversely, in a meta-analysis performed
8
by Lavigne et al., breast augmentation was shown to adversely
affect the survival of women subsequently diagnosed with breast
cancer. Patients having undergone augmentation had an overall
OR of 1.26 (95% CI, 0.99-1.60) for an invasive type of breast cancer
at diagnosis. The studies included in that analysis did not account
for potential confounding factors and should therefore be
interpreted with caution. To our knowledge, implant plane
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(subglandular vs. subpectoral) has not been previously compared
in systematic review with regards to oncologic characteristics in
breast cancer screening.
This systematic review is not without limitations. Several
confounding factors may have affected the overall results. These
include surgical approach, implant material, texture, size etc. Due
to paucity of comparative studies, we were unable to account for
these factors. Heterogeneity in mammogram machines and
radiologist experience could have also affected our results.
Follow-up period, mean age, and patient population also varied
greatly amongst the included studies. We also acknowledge that
larger randomized controlled studies are required to confirm
causality.
Implant location (subpectoral vs. subglandular) does not
appear to have an impact on cancer screening. Implant placement
should be decided according to both patient and surgeon
preference in order to achieve the desired aesthetic outcome.
With the absence of meta-analyses or large randomized controlled
trials, our study provides surgeons with an evidence-based
reference to improve informed consent with regards to implant
placement.
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