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Background: Post-mastectomy radiotherapy (PMRT) applied on implant-assisted immediate breast 
reconstruction (IBR) involves a marked increase in complication rate. The recent opportunity of performing 
an ADM-assisted prepectoral breast reconstruction (PPBR) raised the hypotesis of a protective interaction 
between ADM and periprosthetic tissues under PMRT.
Methods: We performed a retrospective monocentric analysis of a cohort of consecutively treated patients 
undergone one-step PPBR between January 2015 and September 2018. The aim is to examine complication 
rate and aesthetic satisfaction of patients, in order to evaluate if this reconstructive technique could be 
recommendable in PMRT setting. Group 1 comprised 158 patients not submitted to PMRT and Group 2 
twenty-eight patients undergone PMRT. 
Results: All post-operative complications were not statistically different between the two groups, except 
for capsular contracture (P=0.011). We obtained very high percentages in all BREAST-Q categories in 
Group 2 patients: satisfaction with breasts 86.8±13.9, satisfaction with implants 6.5±3.0, high satisfaction for 
no adverse effects of radiation 15.7±6.8. According to multivariate analysis no risk factor was significantly 
associated with complications. 
Conclusions: We may conclude that one-step PPBR with porcine ADM followed by PMRT is well 
tolerated, with no significant risk of adverse outcomes, at least in the short-term follow-up. These promising 
outcomes warrant further studies to examine the existence of a protective effect due to ADM integration 
with subcutaneous tissue.
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Introduction

Immediate breast reconstruction (IBR) after mastectomy 
represents the optimal approach to better preserve self-
estimation and psychosocial well-being of patients (1).  
During the last two decades, one-stage direct-to-
implant (DTI) reconstruction gained widespread use (2). 
Simultaneously, post-mastectomy radiotherapy (PMRT) 
registered expanded indications with the purpose of 
eliminate microscopic residual disease in the loco-regional 
area. PMRT is associated with a decrease in local recurrence 
and an improvement in overall survival among patients with 
high-risk pathologic features (tumour >5 cm, positive lymph 
nodes, positive margins) (3). On the other side, radiation 
therapy leads to undesired effects on healthy tissues with 
detrimental effects over implant-based IBR with a marked 
increase in rate of both precocious and long-term major 
complications and failures (4-6).

Berry and colleagues reported that PMRT determined a 
doubled risk of major complications and a 30% of implant 
loss (7); Jhaveri found that, in such patients, aesthetic 
acceptable results were only 51% (8). According to recent 
reviews, the incidence of Spear-Baker grade III and IV 
capsular contracture after PMRT increased up to 43% from 
a 5% in non-radiated patients (9-11), leading to unplanned 
subsequent revisionary surgery in 25% of patients (12).

The relevant number of reconstruction failures in PMRT 
setting leaded some authors to opt for a delayed flap-
based reconstruction (10,11,13,14). Finally, the indication 
for PMRT sometimes derives from a multidisciplinary 
discussion on histologic data available only after surgery, 
when an implant-based IBR has already been done.

In the last 5 years, a complete prosthetic coverage with 
ADM allowed inaugurating the subcutaneous prepectoral 
breast reconstruction (PPBR); this technique gained 
fast popularity for its muscle-conserving character and 
the natural shape of reconstructed breast. Apart from 
its excellent aesthetic and functional results, this new 
procedure appeared less burdened by grade III and IV 
capsular contracture (15-17).

In the meantime, some patients with ADM-assisted 
PPBR underwent PMRT and the great majority of them 
did not suffer of any foreseen adverse effect, raising the 
postulate of a true protective interaction between ADM and 
periprosthetic tissues (18-20).

The hypothesis that PPBR with porcine ADM-wrapped 
implant could better tolerate PMRT injuries need to get 
over the anecdotal remark and deserves a statistically 

structured investigation. The aim of our study is to 
assess whether ADM-assisted PPBR might represent an 
improvement in IBR successively submitted to radiation 
therapy and to evaluate if this technique could be a 
recommendable reconstructive procedure in this setting. 

Methods

We retrospect ive ly  analysed a  ser ies  of  pat ients 
consecutively treated with one-step PPBR performed 
in our unit from January 2015 to September 2018. The 
research protocol of the study was approved by the local 
Ethics Committee and patients gave written informed 
consent. Patients were divided in two groups: Group 1 
comprised 158 patients (174 reconstructed breasts) who 
were not submitted to PMRT; Group 2 was composed 
by 28 patients (28 breasts) undergone PMRT. Twenty-
four patients undergone 3D conformation radiation 
therapy (3DCRT)  and four undergone  Volumetric 
Modulated therapy (VMAT). Between the 24 patients of 
the 3DCRT subgroup, 16 were treated on the chest wall 
and supraclavicular lymph nodes, seven on the chest wall 
and only one on the lymph-nodal stations (supraclavicular 
nodes). In the VMAT subgroup three were treated on the 
chest wall and loco-regional lymph nodes (supraclavicular, 
infraclavicular, inframammary and axillary nodes), none on 
the chest wall and only one on the lymph nodal stations 
(supraclavicular, infraclavicular, inframammary and axillary 
nodes). We respected the following inclusion criteria: 
patients with breast tumour undergone nipple or skin-
sparing mastectomy associated to immediate PPBR with 
definitive implant, no previous radiation therapy, age 
<85 years, TNM stage <IV, no active smokers in the last 
month, no significant comorbidities (diabetes, obesity, 
autoimmunity disease, etc.). A member of the surgical team 
analysed age, body mass index (BMI), minor comorbidities, 
neo-adjuvant or adjuvant chemotherapy, adjuvant radiation 
therapy, uni- or bilateral procedures, implant volume, 
immediate and late complications (implant infection, pocket 
seroma or hematoma, wound dehiscence, skin necrosis, 
implant loss, grade III or IV of Baker scale capsular 
contracture, rippling), local cancer recurrence, secondary 
procedures (i.e., lipofilling, remodelling of reconstruction), 
contralateral symmetrisation. She also analysed patients’ 
aesthetic satisfaction through BREAST-Q Questionnaire, 
administered routinely 6 months after surgery in patients 
not undergone PMRT and 6 months after completion of 
radiation therapy in those undergone PMRT. All PPBR 
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were performed with textured anatomical silicone gel 
implants (Allergan Natrelle® and Mentor® Worldwide LLC, 
Irvine, CA, USA) completely wrapped with porcine derived 
Braxon® ADM (Decomed, Venice, Italy). 

Surgical technique

After nipple- or skin-sparing mastectomy associated with 
sentinel lymph node biopsy or complete axillary lymph 
node dissection, the reconstructive phase consisted in total 
wrapping of an anatomic silicone implant with the Braxon® 
device, a pre-shaped porcine not-cross-linked ADM  
0.6 mm thick, after a rehydration in physiologic solution 
for 5 minutes. We usually fix inferomedially the edges of 
the wrapped implant to the pectoralis major fascia by 3-0 
absorbable interrupted stitches to maintain the implant 
in the correct position. We put some other absorbable 
stitches between the ADM and the subcutaneous tissue in 
the upper and lateral breast region to obliterate dead space 
and promote ADM integration. Finally, we insert a closed-
suction drain along the inframammary fold and close the 
skin in layers.

Radiation therapy planning

To determine the optimal radiation technique, we evaluate 
patient anatomy, target volume and dose constraints. A 
description of the two radiation techniques utilized in our 
group of patients is detailed below.

3D conformation radiation therapy (3DCRT)
The most commonly used treatment for PMRT in our 
centre is the 3DCRT, a forward-planned technique utilizing 
photons. We use 3 to 5 beams to treat the chest wall and 
regional lymph nodes. We treat the chest wall with two 
opposing tangential fields and the supraclavicular lymph 
nodes volumes with a single anterior field. We can adjust 
the energy of the beam so that the 44 Gray (Gy) line 
reaches to the posterior edge of the lymph node volumes.

Intensity-modulated radiation therapy (IMRT)
We perform IMRT when dose-volume constraints of 
organs at risk with 3DCRT planning are not met. IMRT 
is an inverse planning technique using photons, typically 
involving a greater number of beams when compared to 
3DCRT. We apply Volumetric Modulated therapy (VMAT) 
to our patients, a kind of IMRT technique that employs 
continuous arcs during treatment. 

Radiation dosing and fractionation
Conventional dosing for PMRT in our centre is 46– 
50 Gy in 2.0 Gy per fraction (23–25 total fractions) to the 
chest wall and 44–46 Gy in 2.0 Gy per fraction (22–23 
total fractions) to the regional lymph nodes. Since photons 
require tissue interaction to build up the dose, the dose at 
the skin surface is lower than the dose at the target. No skin 
boost was delivered to patients.

Therapeutic indications for PMRT
In our study, PMRT is administered to patients with T3N+ 
or T3N0 tumours based on risk factors, tumours extended 
to the skin (regardless of the lymph node status), T1–2N2, 
positive margins. In patients not belonging to the previous 
categories, with T1–2 and positive lymph nodes 1–3, 
radiation therapy is evaluated on the basis of the following 
risk factors: age <40–45 years, tumour ≥3.5 cm, ER- and 
PGR-, lymph vascular invasion, G3, nodal ratio >20–25%. 
In fact, when these factors are present, local recurrence risk 
may overcome 20%, negatively affecting overall survival 
(21-23). We also perform PMRT in non-invasive tumours 
>5 cm and margins ≤1 mm or positive (24-26).

Analysis and statistical methods

We executed data analysis with statistic packages IBM-
SPSS v.22, JASP v.0.9.6.6 and R v.3.5.3. For the descriptive 
analysis of the continuous variables, we calculated standard 
indexes, such as the mean, median, trimmed mean, variance, 
standard deviation, quartiles, minimum, maximum, range, 
asymmetry and kurtosis coefficients, and their standard 
error and confidence intervals at 95%. Qualitative data, 
namely categorically mutable, were reported in frequency 
tables and expressed as absolute, relative, cumulative 
frequency and percentages.

We examined association between complications and 
clinical predictors by logistic regression. We considered all 
results statistically significant for P<0.05.

Results

We enrolled 186 patients undergone nipple or skin-sparing 
mastectomy with immediate one-step prepectoral ADM-
implant based reconstruction. In Table 1, demographic 
characteristics of patients are shown. PMRT was applied 
after a median post-operative period of 142.29 days (range, 
60–246 days), depending on adjuvant chemotherapy 
administration. There is no statistically significant difference 
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between age, BMI, smoke habit and comorbidities in the 
two groups. Also, the mean volume of implant positioned 
(398.2 vs. 396.8 g, P value =0.946) and duration of follow-up 
(mean 24.7 months for Group 1 and 21.7 months for Group 
2, P value =0.233) are not statistically different. As expected, 
Group 2 patients underwent more often neo-adjuvant 
and adjuvant chemotherapy (28.6% vs. 13.3%, P value 
=0.05 and 50% vs. 29.8%, P value =0.048). Between post-
operative complications, we observed in particular 5.2% of 
implant infections in Group 1 vs. 0% in Group 2, 8.0% late 
seroma in Group 1 vs. 7.1% in Group 2, 0.6% hematoma 
in Group 1 vs. 0% in Group 2, 2.9% wound dehiscence in 
Group 1 vs. 0% in Group 2, 1.1% implant loss in Group 1 
vs. 3.6% in Group 2, 0.6% capsular contracture in Group 1 
vs. 10.7% in Group 2. All the above-mentioned complications 
and other examined are not statistically significant between the 
two groups, except for capsular contracture (P=0.011) (Table 2). 

We applied BREAST-Q to all patients except for three 
patients in whom reconstruction failed (two in Group 1 and 
one in Group 2). In Group 1 BREAST-Q was applied 6 
months after completion of reconstruction and in Group 2 
six months after completion of radiation therapy. As shown 
in Table 3, we obtained better satisfaction with breasts in 
Group 1 (94.3 vs. 86.8, P value <0.001), high percentages 
in psychosocial and physical well-being in both groups 
(93.5 vs. 91.7 and 94.0 vs. 92.9), better sexual well-being in 
Group 1 (81.9 vs. 69.1, P value <0.001), high percentages in 
satisfaction with information and with staff in both groups, 
high percentages in satisfaction with implants in both 
groups (7.3 vs. 6.5, P value =0.065), high satisfaction for no 
adverse effects of radiation in Group 2 (15.7±6.8) (Figure 1). 
According to statistician, not applying BREAST-Q to three 
patients does not alter the statistical significance. 

We performed multivariate analysis in order to assess the 
correlation between some risk factors (radiation therapy, 
age, BMI, comorbidity, smoking status, implant volume, 
adjuvant or neo-adjuvant chemotherapy) and complication 
rate observed. No risk factor influences on complication 
rate, except for implant volume that was close to statistical 
significance (P value =0.072). 

Discussion

At present, implant-based reconstruction represents the 
most common method to restore breast mound after nipple 
or skin sparing mastectomy (27). At the same time, PMRT 
increases its indications, adversely affecting reconstruction 
results. 

Table 1 Demographic characteristics of Group 1 and Group 2 (DS: 
standard deviation)

Variables Group 1 Group 2 P value

No. of patients 158 28

No. of breasts 174 28

Follow-up (months) 0.233

Mean 24.7 21.7

Median 20.4 20.3

Min 10.3 6.1

Max 60.7 46.5

DS 12.5 11.8

Age (years) 0.321

Mean 53.4 55.6

Median 51.0 54.0

Min 25.0 37.0

Max 85.0 79.0

DS 10.4 10.8

BMI (kg/m2) 0.939

Mean 23.6 23.5

Median 23.0 23.2

Min 17.9 19.0

Max 34.8 30.3

DS 3.85 3.3

Smokers, n (%) 0.36

Yes 20 (12.7) 3 (10.7)

No 128 (81.0) 25 (89.3)

Ex 10 (6.3) 0 (0)

Comorbidities, n (%) 0.315

Yes 31 (19.6) 8 (28.6)

No 127 (80.4) 20 (71.4)

Neo-adjuvant 
chemotherapy, n (%)

0.05

Yes 21 (13.3) 8 (28.6)

No 137 (86.7) 20 (71.4)

Adjuvant 
chemotherapy, n (%)

0.048

Yes 47 (29.8) 14 (50.0)

No 111 (70.2) 14 (50.0)

Implant volume (g) 0.946

Mean 398.2 396.8

Median 400 400

Min 190 180

Max 640 580

DS 102.4 109.2
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The American College of Radiology recommends PMRT 
for tumours >5 cm or with >four axillary lymph nodes 
involved but it is applied also in certain high-risk pathologic 
patterns (28,29). Moreover, the Early Breast Cancer 
Trialists’ Collaborative Group (EBCTCG) performed a 
meta-analysis pooling patient data from 22 randomized 
trials comparing mastectomy and IBR associated or not 
with PMRT, and found out that PMRT reduced loco 
regional cancer recurrence by 19% which translated into a 
9% reduction in breast cancer mortality (30). 

Target volume should include the chest wall and involved 
lymph node areas (axillary, supraclavicular, infraclavicular 
and internal mammary lymph nodes). If all lymph nodes are 
negative and the patient has a positive margin, then PMRT 
can be delivered only to the chest wall.

Radiation therapy represents one of the most serious 
risk factors for major complication in implant-based breast 
reconstruction (31). Radiation-induced acute toxicity occurs 
within 3 months of radiation treatment. The most common 
adverse effect is radiation dermatitis that may culminate 
in intensity one to two weeks after the end of radiation 
therapy. This side effect may lead to reconstructed breast 
complications such as wound dehiscence, implant infection, 
late seroma (32). PMRT associated chronic toxicity includes 
hyperpigmentation and tissue fibrosis affecting cosmetic 
and functional outcome of breast reconstruction and may 
lead to progressive muscle fibrosis and atrophy associated to 
dermal thickening (33). 

Because of radiation damage, PMRT is associated 
with increased rates of significant capsular contracture, 
implant loss, revision surgeries, and overall worse cosmetic 
outcomes (34). The timing of the breast reconstruction (i.e., 
immediate vs. delayed) and type of breast reconstruction (i.e., 
autologous vs. implant-based) are important considerations 
that require an informative discussion with the patient 
before surgery. However, sometimes radiation therapy is 
decided post-operatively, based on definitive histologic 
result when breast reconstruction has already been 

Table 2 Post-operative complications of Group 1 and Group 2 (DS: 
standard deviation)

Complications Group 1 (n=174) Group 2 (n=28) P value

Infection, n (%) 9 (5.2) 0 (0) 0.359

Seroma, n (%) 14 (8.0) 2 (7.1) 0.999

Hematoma, n (%) 1 (0.6) 0 (0) 0.999

Wound dehiscence, n (%) 5 (2.9) 0 (0) 0.999

Skin necrosis, n (%) 0 (0) 0 (0) 0.999

Implant loss, n (%) 2 (1.1) 1 (3.6) 0.389

Capsular contracture,  
n (%)

1 (0.6) 3 (10.7) 0.011

Rippling, n (%) 1 (0.6) 0 (0) 0.999

Other, n (%) 2 (1.1) 0 (0) 0.999

Antibiotic therapy, n (%) 11 (6.3) 0 (0) 0.376

Table 3 BREAST-QTM results

BREAST-QTM reconstruction module post-operative (mean scores ± 
standard deviation)

Group 1 Group 2 P value

Satisfaction with breasts (applied to 183/186 patients) 94.3±5.1 86.8±13.9 <0.001

Psychosocial well-being (applied to 183/186 patients) 93.5±4.9 91.7±9.5 0.134

Physical well-being chest (applied to 183/186 patients) 94.0±6.7 92.9 ±8.4 0.444

Sexual well-being (applied to 151/186 patients) 81.9±16.8 69.1±17.0 <0.001

Satisfaction with information (applied to 183/186 patients) 93.3±5.1 91.9±7.4 0.217

Satisfaction with surgeon (applied to 183/186 patients) 96.2±4.4 95.8±5.1 0.547

Satisfaction with medical team (applied to 183/186 patients) 91.1±9.3 93.7±5.5 0.154

Satisfaction with office staff (applied to 183/186 patients) 93.7±8.4 94.5±8.9 0.646

Satisfaction with implants (applied to 183/186 patients)* 7.3±1.9 6.5±3.0 0.065

Adverse effects of radiation (applied to 27/186 patients)** – 15.7±6.8 –

* and **: these sections of the questionnaire should be considered as stand-alone. Higher scores reflect a better outcome (* scores go 
from a minimum of 2 to a maximum of 8; ** scores go from a minimum of 6 to a maximum of 18).
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performed.
In case of two-staged implant reconstruction, the 

optimal timing of radiation therapy administration has to 
be decided. Several studies demonstrated higher rates of 
implant loss, ranging from 32% to 40%, when radiation 
was delivered to the tissue expander when compared to 
radiation directed to definitive implant (35). Also, Cordeiro 
et al. found higher implant loss rates when radiation therapy 
was applied to tissue expander but worse aesthetic results 
and higher capsular contracture rates when it was applied 
to definitive implants (36). Interestingly, a prospective study 
performed by the Mastectomy Reconstruction Outcomes 
Consortium (MROC) found no significant difference in 
major complication rates between tissue-expander versus 
implant-directed radiotherapy and reported an overall 
failure rate of 10% (37). 

In fact, positioning a tissue expander or a definitive 
prosthesis under the pectoralis major and serratus muscle 
and then proceeding to a radiation therapy involves 
a significant fibrotic reaction and shortening of these 
structures. Therefore, the underlying device is elevated 
from the original position, the inframammary fold is 
cephalized and the implant pocket starts to contract.

The introduction of ADM as a completion of subpectoral 
pocket led to an improvement of aesthetic result and a 
reduction of capsular contracture incidence. At the same 
time, some authors proposed to use ADM in reconstructive 
revisionary surgery with the theoretic purpose of reducing 
capsular contracture recurrence (38). Nevertheless, while 
Seth and colleagues did not observe any difference in 
complication rate utilizing ADM in IBR in comparison to 
total submuscular implantation in the setting of PMRT, 

Figure 1 Examples of post-operative results of immediate ADM-assisted reconstruction followed by radiation therapy. (A) 52-year-old 
patient, right nipple sparing mastectomy; 3 years after the end of radiation therapy; (B) 57-year-old patient, right nipple sparing mastectomy; 
9 months after the end of radiation therapy; (C) 45-year-old patient, right nipple sparing mastectomy; 6 months after the end of radiation 
therapy; (D) 55-year-old patient, left skin sparing mastectomy; 1 year and a half after the end of radiation therapy.

A B

C D

https://www.ncbi.nlm.nih.gov/books/NBK519034/
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Spear observed less reconstruction failures in ADM-assisted 
IBR after PMRT (19,39). In animal studies, ADM did not 
suffer any adverse consequence by radiotherapy, although 
the study of Myckatyn on human biopsy specimens reported 
an attenuating effect of PMRT on scaffold integration. 
From the clinical point of view, the contrasting remarks of 
the various authors left unanswered the question if the use 
of ADM in implant-based submuscular reconstruction can 
provide any protection against harmful effects of PMRT 
(40-42).

The use of ADM in IBR, intended only as an infero-
lateral extension of the pectoralis major muscle, left 
the implant substantially submuscular, with analogous 
drawbacks when compared to traditional subpectoral 
technique. Moreover, as the fundamental interaction 
between the implant and the surrounding tissues, remained 
largely the same, it is not surprising that the risk of high-
grade capsular contracture was substantially unmodified.

In recent years, the opportunity of a complete implant 
coverage by an ADM allowed to perform a muscle-sparing 
prepectoral reconstruction. In addition to minimization of 
patient morbidity and preservation of anatomical structures, 
the implant is positioned in the original site of the 
mammary gland, obtaining soft and natural aesthetic results. 
This relatively new technique began to undergo PMRT and 
Sigalove (18) observed 34 one and two-step PPBR in which 
PMRT seems to be well-tolerated (2.9% implant loss, 
significant capsular contracture 0%, reoperation rate 2.9%). 
On the other hand, in the study by Spear et al. (19) which 
considers 56 ADM two-stage PPBR, 21% implant loss and 
61% significant capsular contracture were observed. 

In our casistic, apart from a slightly higher rate of 
capsular contracture, we did not register significant 
differences in complication and failure rates between PMRT 
patients and not radiated ones. Moreover, differently from 
other authors, we ascertained in 85.7% of radiated patients 
a surprising stability of softness and shape of reconstruction 
without fat grafting. This latter procedure has been reserved 
to the three cases who developed capsular contracture. 
Even if many authors perform fat grafting systematically 
3–6 months after PMRT to improve aesthetic result, in 
our experience we obtained optimal results even without 
performing it (BREAST-Q, 86.8±13.9) (20). 

The favourable outcomes observed in our study may be 
related to the protective effect of ADM against capsular 
contracture (38). From a histopathological point of view, 
ADM diminishes inflammatory and fibrotic response that 
lead to pathologic capsule formation, creating a thinner and 

less prone to myofibroblasts ingrowth capsule (43). Special 
attention should be paid to begin PMRT after tissue healing 
and ADM integration being well underway, in order to 
minimize the risk of side effects.

The limitations of our study are its retrospective nature, 
the small number of patients undergone RT and the 
relatively short-term follow-up. Further follow-up with 
additional BREAST-Q administration should be of great 
interest, in order to observe any possible RT-induced long-
term complication. Moreover, our promising outcomes 
warrant further studies to assess if the total wrapping of 
prostheses with porcine ADM really protects the stability 
of reconstruction in PMRT setting. Finally, the intensity of 
radiation effects on the reconstructed breast is probably not 
only attributable to the kind of reconstructive surgery, but 
also to the variables of radiotherapy technique. Therefore, 
further studies are desirable to investigate side effects 
of each single scheme of treatment on implant-based 
reconstruction. 

Conclusions

In our experience one-step PPBR with porcine ADM 
followed by PMRT seems to be well tolerated, with no 
significant risk of adverse outcomes, at least in the short-
term follow-up. As this technique does not involve muscular 
structures, the adverse effects of PMRT on pectoralis major 
muscle, as fibrosis and shortening, do not influence the 
stability of implant pocket. In this way, also the incidence 
of capsular contracture is lower than usually observed 
in submuscular reconstructions submitted to PMRT. 
Moreover, also reconstruction failure rate is significantly 
lower, when compared to the literature, suggesting a 
protective effect due to ADM integration with subcutaneous 
tissue. For these reasons, we recommend to all eligible 
patients the one-step prepectoral porcine-ADM implant 
breast reconstruction as the preferable technique even in 
PMRT perspective. Obviously, longer follow-up is needed 
to better understand the trend of patients undergone PPBR 
followed by PMRT. 
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