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Breast reconstructive surgery with silicone implants is routinely one of the techniques performed imme-
diately after a mastectomy and before adjuvant radiotherapy. Implant shell degradation may result in gel
bleeding that can trigger capsular disease. The silicone corpuscle in contact with the implant fibrous cap-
sule can promote an inflammatory reaction, identified as silicone-induced granuloma which is, related to
clinical complaints referred to as breast implant illness.
This short communication aims to demonstrate and discuss the impact of radiotherapy’s side effects on

patients with post-mastectomy reconstructive breast surgery with silicone implants followed by adju-
vant radiation therapy.

� 2021 The Author(s). Published by Elsevier B.V. on behalf of European Society for Radiotherapy &
Oncology. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).
Introduction

Breast reconstruction surgery (BRS) procedures, delayed or
immediate, have been rising since the beginning of the century.
The use of silicone implants and the improvement of surgical tech-
niques contributed to offer these stablished procedures as an alter-
native for postmastectomy for patients with breast cancer
diagnosis. Post mastectomy followed by immediate breast recon-
structive surgery and adjuvant radiation therapy is an option [1].
Radiotherapy is recommended to reduce locoregional recurrence
in this patient group [2,3]. The American Society of Surgical Oncol-
ogy (SSO) and the American Society of Radiation Oncology (ASTRO)
guideline recommends adjuvant radiotherapy in patients with T1-
2 tumors and positive 1–3 axillary lymph nodes [1]. It is also rec-
ommended for patients with T1-2 stage tumors with one positive
sentinel node, without axillary dissection [2–4]. Radiotherapy
reduces the local recurrence of the tumor and increases the sur-
vival rate [3–5].

The primary complications of RT reported by patients are skin
reactions, breast edema, local pain, alopecia, sore throat, fatigue,
lymphedema, breast morphological changes (shape, size, and
color), tenderness in the ribs. Late side effects refer to: thickening
of the skin and subcutaneous tissue, vessels alterations like telang-
iectasias, and cardiovascular and lung effects [6]. There are few
published studies in the medical literature regarding the possible
effects of radiotherapy concerning breast implants. Some studies
indicate that radiotherapy is harmless to silicone implants, while
others have reported complications related to the procedure
[7,8]. However, there seems to be no evidence that correlates sili-
cone implant complications with adjuvant radiotherapy.

Among the main complications reported in BRS with silicone
implants, capsular contracture, gel leakage, and the implants’ rup-
ture are the most reported [7]. Studies speculate that capsular con-
tracture process results from the organism’s reaction to the foreign
body in a multifactorial process [9]. Capsular contracture can cause
pain, distortion of the breast, and unsatisfactory aesthetic results.
The pathological mechanism for capsular contracture remains
uncertain.

In our service, postmastectomy patients with immediate breast
reconstructive surgery and who meet the adjuvant RT indication
criteria are referred for adjuvant radiotherapy of the surgical site.
On average, patients are treated with 25–28 radiation therapy ses-
sions accumulated dose ranging from 45.0 to 50.0 Gy.

After adjuvant radiotherapy sessions, patients with clinical
complaints, at our institution are referred for further investigation
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Fig. 1. Sagittal proton density image of the right breast. 45 women with breast
cancer oncologic reconstruction with silicone breast implant (Allergan 510 MX) and
latissimus dorsi myocutaneous flap for 3 years. In the image, the water droplets
(green arrow) and the double gel (blue arrow) are shown. There is also segmentary
thickening of the myocutaneous flap (red arrow) and intracapsular collection
(withe arrow). (For interpretation of the references to color in this figure legend, the
reader is referred to the web version of this article.)

Fig. 2. Axial pos contrast sequence of the same patient. The blue arrow shows the
black-drop signal and enhancement of the myocutaneous flap associated with
pericapsular edema. These findings are compatible with infiltrative extension of the
capsular granuloma. Inflammatory changes in the myocutaneous FLAP is also
observed (green arrow). (For interpretation of the references to color in this figure
legend, the reader is referred to the web version of this article.)
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by magnetic resonance imaging (BMRI) for better diagnostic inter-
pretation. Our patients’ most frequent clinical complaints reported
after radiotherapy is breast enlargement and hardening, skin rash,
joint pain, and inflammatory changes in the irradiated breast.

Recently, we demonstrated that silicone’s extravasation in
macroscopic intact breast implants could be diagnosed by BMRI
[10]. We describe the intracapsular finding of extravasated silicone
as silicone induced granuloma of breast implant capsule (SIGBIC).
The diagnosis of SIGBIC is performed adopting three diagnostic cri-
teria: intracapsular mass with high signal in the T2-weighted
sequence, a late enhancement to intravenous contrast, and black-
9

drop signal. The BMRI granuloma image reflects the granulation
tissue formed by the fibrous capsule’s reaction to the gel bleeding
[10,11].

Our published manuscripts discussed that gel bleeding and SIG-
BIC were generally related to permeability loss of breast implants,
pericapsular edema, and intracapsular collection. The Magnetic
Resonance signals that allow diagnosing the implants’ permeabil-
ity loss are water-droplets (when there are foci of signal change
inside the implants) and double-gel sign (when a double gel signal
is observed inside the silicone implants). SIGBIC is considered an
unequivocal diagnosis finding of silicone leakage, while water-
droplet, pericapsular edema, and intracapsular collection are con-
sidered equivocal findings. The implant permeability loss has clin-
ical significance because it infers the potential toxicity risk of
silicone leakage into the intracapsular space. The primary patho-
gen particle of silicone implants is polydimethylsiloxane 4
(PDMS4), the smallest molecular structure of silicone, with the
most significant toxicity potential (see Figs. 1 and 2). Our study
also observed that patients diagnosed with SIGBIC were generally
accompanied by the clinical symptoms reported in breast implant
illness.

This study aims to determine the impact of adjuvant radiother-
apy on patients with immediate breast reconstructive surgery post
mastectomy detected on BMRI.
Materials and methods

Since the beginning of the year 2017, we have started a research
protocol in our service, a referral cancer center, to research breast
implants’ complications using BMRI. The study’s initial objective
was to research the frequency of breast implant-associated
anaplastic large cell lymphoma (BIA-ALCL). However, the results
showed the prevalence of complications related to gel leakage
and clinical symptoms related to this leakage, described as silicone
induced granuloma of breast implant capsule.

This manuscript aims to evaluate the first follow-up BMRI
assessment findings of patients with clinical complaints related
to silicone breast implants treated with BRS from May/2017 to
March/2019. Patients who underwent adjuvant radiotherapy were
compared with those with no adjuvant RT. The association
between the time to perform the MRI study after the surgical pro-
cedure, the implant position (sub-pectoral or pre-pectoral), the
signs of implant permeability loss (water-droplet and double-
gel), pericapsular edema, and SIGBIC were compared with patients
who underwent adjuvant radiotherapy and who did not expose to
radiation therapy. We further compared the association between
the time to perform the MRI study after the surgical procedure,
the implant position (sub-pectoral or pre-pectoral), the signs of
implant permeability loss (water-droplet and double-gel), pericap-
sular edema, and exposure to adjuvant therapy with patients with
and without SIGBIC diagnosis in BMRI images.

The Pearson v2 test or Fischer exact test was used to analyze
categorical variables, and an unpaired, 2-tailed t test or Mann-
Whitney test was used to analyze continuous variables.

Statistical analyses were conducted with MedCalc Statistical
Software version 16.4.3 (MedCalc Software bv, Ostend, Belgium),
and a 2-sided P < .05 was deemed to be statistically significant.
Data analysis was performed from November 15, 2020, to Decem-
ber 3, 2020.
Results

Tables 1 and 2 shows our study results, in which 173 patients
were evaluated, 68 without RT, and 105 with adjuvant RT.



Table 1
Characteristics of the study population, patients with and without radiotherapy.

No. (%)

Characteristic Overall Without radiotherapy With radiotherapy P value

No. of cases 173 68 105
Age, mean (SD),

95% CI, y
49.4 (10.2)
47.936–51.011

49.9 (10.3)
47.400–52.424

49.1 (10.2)
47.217–51.164

0.652

First magnetic resonance scan
Time from surgery (years) 3.7 (3.8)

3.142–4.302
4.1 (4.7)
2.962–5.272

3.4 (3.1)
2.858–4.074

0. < 001

Location
Subglandular 27 (15.6) 7 (10.3) 20 (19.0) 0.122
Subpectoral 146 (84.4) 61 (89.7) 85 (81.0)
Silicone induced granuloma of breast implant capsule (SIGBIC)
Without SIGBIC 61 (35.3) 32 (47.1) 29 (27.6) 0.0092
With SIGBIC 112 (64.7) 36 (52.9) 76 (72.4)
Pericapsular edema
Without edema 153 (88.4) 62 (91.2) 91 (86.7) 0.366
With edema 20 (11.6) 6 (8.8) 14 (13.3)
Intracapsular collection
Without collection 152 (87.9) 62 (1.2) 90 (85,7) 0.284
With collection 21 (12.1) 6 (8.8) 15 (14.3)
Implant permeability loss (water droplet and double gel)
Without 90 (52.0) 36 (52.9) 54 (51.4) 0.846
With 83 (48) 32 (47.1) 51 (48.6)

Table 2
Characteristics of the study comparing patients with and without SIGBIC.

No. (%)

Characteristic Overall Without SIGBIC WITH SIGBIC P value

No. of cases 173 61 112
FIRST magnetic resonance scan
Time from surgery Without radiation 4.12 (4.77)

2.062–5.272
4.09 (4,79)
2.365–5,822

4.138 (4.817)
2.508–5,768

0.984

With radiation 3.466 (3.141)
2.858–4.704

4,00 (3.305)
2.742–5.257

3.263 (3.704)
2.560–3.965

0.001

P value 0.05 0.001
Location
Subglandular 27 (15.6) 8 (13.1) 19 (17.0) 0.507
Subpectoral 146 (84.4) 53 (86.9) 93 (83.0)
Implant permeability loss (water droplet and double gel)
Without 90 (52.0) 51 (83.6) 39 (34.8) <0.0001
With 83 (48.0) 10 (16.4) 73 (65.2)
Pericapsular edema
Without edema 153 (88.4) 59 (96.7) 94 (83.9) <0.001
With edema 20 (11.6) 2 (3.3) 18 (16.1)
Intracapsular collection
Without collection 142 (82.1) 57 (93.4) 95 (84.8) 0.098
With collection 21 (17.9) 4 (6.6) 17 (15.2)
Radiation
Without 68 (39.3) 32 (52.5) 36 (32.1) 0.008
With 105 (60.7) 29 (47.5) 76 (67.9)
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All patients included in the study had capsular contracture. For
this reason, we decided to exclude the capsular contracture data in
the data evaluation.

The mean time for BMRI was 3.7 years, where patients with
adjuvant RT having earlier scans, 3.4 vs. 4.1 years, with a statisti-
cally significant P (0.001). Most patients had a submuscular
implant (84.4%). Among the breast implants reported complica-
tions related to RT, the only statistically relevant association was
the SIGBIC (0.0092). 76 (72.4%) of the patients who underwent
RT presented the three unequivocal diagnostic criteria. RT patients
showed an even higher rate of pericapsular edema (13.3% vs. 8.8%),
intracapsular collection (14.3% vs. 8.8%), and permeability loss of
breast implant (48.6% vs. 47.1%), but with no ‘‘true” difference.

As a complementary assessment, we determined the other MRI
findings associated with the SIGBIC formation. Patients with SIG-
BIC had a higher rate of breast implant permeability loss (65.2%
vs. 16.4%) and pericapsular edema (16.1% vs. 3.1%). Although the
10
intracapsular collection is more associated with SIGBIC (15.2% vs.
6.6%), this difference was not statistically significant.

When assessing the association between the examination time
with SIGBIC presence and radiotherapy’s performance, the patients
who were diagnosed with SIGBIC and underwent radiotherapy
were those who performed the procedure earlier, 3.2 years, which
was statistically significant.
Discussion

Our results show that the association of BRS with silicone breast
implants and adjuvant radiotherapy are related to silicone
implants complications on BMRI images. Among the complications
observed, the silicone gel bleeding with the intracapsular silicone
granuloma formation is the most frequent. These changes are often
related to surgical approaches, unsatisfactory aesthetic results,
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locoregional complications, and systemic symptoms, in which the
breast implant illness (BII) stands out.

Complications related to silicone implants impacts patients’
outcomes. These patients, usually cured of breast cancer, start to
live with a new disease resulting from the primary cancer treat-
ment. A human-made disease replaces the constitutional disease.
It is common to hear statements in clinical practice that we should
prevent patient mutilation from breast cancer treatment. However,
what is the primary purpose in cancer treatment, cancer eradica-
tion, or aesthetic results? The answer is not binary and trivial.
We should evaluate each case individually to propose the best
therapeutic options. However, it seems not logical to trigger a
new and complex disease in a patient healing from breast cancer.

According to the latest Food and Drug Administration (FDA) BI
screening recommendations update, a BMR is recommended for
symptomatic patients at any time postoperatively [12]. In our pre-
vious published studies, we associated SIGBIC with BII [10]. SIGBIC
is the radiological marker of BII, related to gel bleeding/shell dete-
rioration from macroscopic intact implants. BMRI may show indi-
rect signs of implant permeability loss such as black drop-signal,
water-droplet, and double-gel. The inflammatory process and the
fibrous capsule’s silicone corpuscles could invade the contiguous
muscle plane and cause edema/pericapsular infiltration. This pro-
cess makes the complications surgical treatment challenging as it
is necessary to en bloc removal of the diseased capsule. When
there is a residual fibrous capsule in the surgical site, local inflam-
matory processes’ recurrence can be observed.

This new human-made disease has a direct impact on the
patient’s care. The patient cured of the primary neoplasia are often
referred to complementary exams for the cancer treatment compli-
cations diagnosis. Patients are subjected to BMRI and US, percuta-
neous diagnostic biopsies, and new surgical procedures. Moreover,
the psychological impact of the new disease should not be ignored.

In addition to the patient recovery outcome, there is a public
health impact. The implant-related complications diagnosis and
treatment represent additional costs that are not included in the
breast cancer standard treatment. These expenses are expendable.
Our results have some limitations. The main limitation is that the
patients underwent an MRI study in the postoperative period as
indicated by the requesting physician, without pre-established cri-
teria to perform the scan. Our data were obtained opportunistically
instead of organized. However, an organized BMRI annual screen-
ing study to assess complications related to breast implants would
require the paramagnetic agent’s injection, which risks would not
justify the benefit of the study. This study only evaluated the vari-
ables associated with radiotherapy and SIGBIC.

Our study’s data show an association between silicone breast
implant complications in cancer patients undergoing adjuvant
radiation therapy. The side effects of radiation on breast implants
11
and the surgical site’s complications should be exhaustively dis-
cussed in the therapeutic management of breast cancer patients
eligible for conservative treatments.
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