
Research Article
The Effect of Adjuvant Radiotherapy on One- and Two-Stage
Prosthetic Breast Reconstruction and on Autologous
Reconstruction: A Multicenter Italian Study among 18
Senonetwork Breast Centres

Andrea Vittorio Emanuele Lisa ,1 Marzia Salgarello ,2 Alessandra Huscher ,3

Fabio Corsi ,4,5 Daniele Piovani ,6,7 Federica Rubbino ,8 Stefania Andreoletti ,1

Giovanni Papa ,9 Francesco Klinger ,10 Corrado Tinterri ,11 Alberto Testori ,11

Marta Scorsetti ,12 PaoloVeronesi ,13MariaCristina Leonardi ,14MarioRietjens ,15

Umberto Cortinovis ,16 Valeria Summo ,17 Emanuele Rampino Cordaro ,17

Pier Camillo Parodi ,18 Paolo Persichetti ,18Mauro Barone ,19 Giorgio De Santis ,19

Matteo Murolo ,20 Michele Riccio ,20 Angelica Aquinati ,21 Francesco Cavaliere ,21

Nicola Vaia ,22 Giulia Pagura ,22 Erica Dalla Venezia ,23 Franco Bassetto ,23

Vincenzo Vindigni ,24 Luigi Ciufreda ,24 Maria Alessandra Bocchiotti ,25

Alberto Sciarillo ,26 Nadia Renzi ,26 Graziano Meneghini ,27 Tajna Kraljic ,28

Andrea Loreti ,29 Lucio Fortunato ,30 Valentina Pino ,31 Valeriano Vinci ,6,7

and Marco Klinger 1

1Reconstructive and Aesthetic Plastic Surgery School,
Department of Medical Biotechnology and Translational Medicine BIOMETRA-Plastic Surgery Unit, University of Milan,
IRCCS Humanitas Research Hospital, Rozzano, Milan, Italy
2Department of Plastic Surgery, Director of the Residency Program of Plastic Surgery, IRCCS Policlinico Gemelli,
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Purpose. In modern breast cancer treatment, a growing role has been observed for breast reconstruction together with an increase
in clinical indications for postmastectomy radiotherapy (PMRT). Choosing the optimum type of reconstructive technique is
a clinical challenge. We therefore conducted a national multicenter study to analyze the impact of PMRTon breast reconstruction.
Methods. We conducted a retrospective case-control multicenter study on women undergoing breast reconstruction. Data were
collected from 18 Italian Breast Centres and stored in a cumulative database which included the following: autologous re-
construction, direct-to-implant (DTI), and tissue expander/immediate (TE/I). For all patients, we described complications and
surgical endpoints to complications such as reconstruction failure, explant, change in type of reconstruction, and reintervention.
Results. From 2001 to April 2020, 3116 patients were evaluated.Te risk for any complication was signifcantly increased in patients
receiving PMRT (aOR, 1.73; 95% CI, 1.33–2.24; p< 0.001). PMRTwas associated with a signifcant increase in the risk of capsular
contracture in the DTI and TE/I groups (aOR, 2.24; 95%CI, 1.57–3.20; p< 0.001). Comparing type of procedures, the risk of failure
(aOR, 1.82; 95% CI, 1.06–3.12, p � 0.030), explant (aOR, 3.34; 95% CI, 3.85–7.83, p< 0.001), and severe complications (aOR, 2.54;
95% CI, 1.88–3.43, p< 0.001) were signifcantly higher in the group undergoing DTI reconstruction as compared to TE/I re-
construction. Conclusion. Our study confrms that autologous reconstruction is the procedure least impacted by PMRT, while DTI
appears to be the most impacted by PMRT, when compared with TE/I which shows a lower rate of explant and reconstruction
failure. Te trial is registered with NCT04783818, and the date of registration is 1 March, 2021, retrospectively registered.

1. Introduction

In modern breast cancer treatment, the demand for post-
mastectomy reconstruction is growing. After surgery, for
those women who so choose, preserving the breast mound
with immediate or delayed reconstruction is crucial to en-
sure an adequate quality of life [1, 2].

Several reconstruction techniques are available, which
are as follows: two-stage tissue expander and implants (TE/
I), single-stage direct-to-implant reconstruction (DTI), and
autologous tissue grafts.

Choosing the optimum type of reconstructive technique
is a clinical challenge depending on patient preference, risks
and benefts of each technique, baseline risk factors for
reconstruction failure such as high BMI or smoking, and the
need for postmastectomy radiation therapy (PMRT) [3].

PMRT is an integral part of breast cancer, reducing local
recurrence and improving survival [4].

Te evidence to support PMRT is somehow discordant.
Guidelines in the United States are represented by the
National Comprehensive Cancer Network (NCCN) [5] and
the American Society for Radiation Oncology (ASCO) [6, 7].

PMRT is recommended for patients with locally ad-
vanced disease (T3 or higher) or with pathologically-

involved lymph nodes (N2-N3, N1 under discussion) [8].
Te NCCN in particular recommends PMRT for patients
with greater than or equal to 4 positive nodes based on level 1
evidence. Furthermore, the NCCN recommends that PMRT
should be “strongly considered” in patients with 1 to 3
positive lymph nodes taking into account other risk factors
such as age, comorbidities, life-expectancy, the tumor size,
the ratio of positive lymph nodes, tumor grade, LVSI, or
biologic tumor features (i.e., hormonal receptor status and
targetable mutations). Tese recommendations are in line
with recently updated PMRT Guidelines issued by the
American Societies of Clinical, Radiation, and Surgical
Oncology [5, 6, 9].

PMRT volumes include the chest wall, regional lymph
nodes, dissected/nondissected axilla, supraclavicular fossa,
and internal mammary nodes [10].

Te benefts of PMRT and the growing clinical practice
of postmastectomy reconstruction have raised many ques-
tions about their optimal integration.

Tere is a signifcant gap in the published medical
literature regarding the efect of radiotherapy on the
three types of reconstruction. In particular, given the
extreme variability in clinical approaches, there is no
consensus regarding the most appropriate surgical
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technique or the correct reconstructive timing with re-
spect to radiotherapy [11].

Senonetwork Italia, a nonproft organization devoted to
supporting the quality of multidisciplinary breast cancer
(BC) care, has promoted the collection into a multicenter
database of data generated by several Italian Breast Centres
of the network. Te present work aims to analyze the impact
of PMRTon breast reconstruction and to compare the three
principal types of reconstruction techniques with a view to
determining the one associated with the lowest rate of
complications in PMRT settings.

2. Methods

2.1. Sample and Data Collection. We conducted a retro-
spective case-control multicenter study on women un-
dergoing breast reconstruction in 18 Italian centers from
2001 to 2020 (listed in Supplementary Table 1). Te study
was submitted for approval to the Ethics Committee of the
Humanitas Research Hospital and uploaded to the Clinical
Trials database (ClinicalTrials.gov NCT04783818).

Data were collected from 18 Italian Breast Centres and
stored in a cumulative database created for this study and
managed by the Humanitas Research Hospital.

Inclusion criteria were as follows: female patients, age
over 18 years at the time of diagnosis, and patients who had
undergone mastectomy and immediate reconstruction
with implant in one or two stages or with autologous faps
with or without adjuvant radiotherapy. Exclusion criteria
were as follows: patients with prior breast or chest wall
irradiation, delayed reconstruction, and patients lost to
follow-up.

In the compilation of the database, each sample was
considered as a breast and not as a patient; each patient
undergoing mastectomy and subsequent bilateral re-
construction was therefore considered as two samples.

Te average follow-up period was two years, and patients
were monitored weekly in the frst month and thereafter
every 3–6–12months.

2.2. Reconstructive Procedure and Endpoints. In our study
population, we included the following: autologous re-
construction, direct-to-implant reconstruction (DTI), and
tissue expander/immediate reconstruction (TE/I).

Patients who underwent reconstruction with latissimus
dorsi and implant or expander were included either in the
DTI group or the TE/I group.

In order to standardize the study population, in the TE/I
group, we decided to exclude patients who received ra-
diotherapy on defnitive implant since the majority of pa-
tients received radiotherapy during the tissue expander
procedure.

In the prosthetic group, we only included retropectoral
reconstructions since the prepectoral patients had shorter
follow-up. In addition, only a few patients had an acellular
dermal matrix reconstruction (ADM) and these were
excluded.

Postoperative radiation therapy was prescribed in ac-
cordance with national and international guidelines. In all
cases, the chest wall was included in irradiation volumes.

For all patients, we described complications and possible
surgical endpoints to complications.

We considered the following as mild complications:
hematoma, seroma, skin necrosis, abdominal and lumbar
pain, liponecrosis, and volume loss. Severe complications
included the following: capsular contraction, hernia, fap
necrosis, bulging, microvascular complication, and late in-
fection. Since the study is multicenter and each hospital has
diferent scales of assessment, we preferred to evaluate only
the presence or the absence of each complication without
scales.

We divided infections into “early” and “late,” consid-
ering late infections as those occurring 30 or more days from
surgery.

We did not grade capsular contracture in order to
overcome heterogeneity of evaluation; we considered cap-
sular contracture as “present” or “absent.” Te criteria for
capsular contraction were as follows: painful sensation,
deformed breast or asymmetry of the two breasts, visible
thickening of the implant, and visually “nonaesthetic”
appearance.

Four diferent endpoints for reconstructive complica-
tions were chosen, which are as follows: reconstruction
failure, explant, change in type of reconstruction, and
reintervention.

Te term “reconstruction failure” refers to patients who
did not have any other breast reconstruction after implant or
fap removal. Te term “explant,” on the other hand, was
employed when the prosthesis or fap were removed without
contraindication for another reconstructive procedure.

Te change in type of reconstruction was reported as
referring to the situation where after the explant, the primary
reconstruction (DTI, TE/I, or fap) was replaced by or in-
tegrated with another type of reconstruction.

Reinterventions included the following: escharotomy in
cases of necrosis, seroma, and hematoma drainage, capsular
revision or implant substitution, andmicrovascular revision.

Our primary endpoint is to provide a general overview
considering the large numbers of complications and out-
comes of the various reconstructive types in relation to
PMRT. We believe that for a patient all the aspects greatly
impact the reconstruction process and that they should
therefore be fully informed about what reconstructive types
exist and what are their possible adverse outcomes. Te
choice should be individualized for each patient and take
patient’s expectations, a careful evaluation of each tech-
nique’s pros and cons, and an accurate assessment of pa-
tient’s baseline risk factors.

2.3. Statistical Analysis. We described patients’ character-
istics at the baseline and treatments received at the baseline,
as well as postmastectomy outcomes and complications, in
the overall cohort and by type of surgical procedure
performed.
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We summarized data as medians and interquartile
ranges (IQR) or percentages and compared them across
groups of patients by using the chi-squared test or the
Fischer exact test (categorical data) or the Kruskal–Wallis
test (continuous variables) as appropriate.

We investigated the risk of failure, explant and rein-
tervention, as well as the risk of any complication, severe
complications, and any infection, according to the type of
procedure performed by means of multivariable hierarchical
logistic regression.

To investigate the association between PMRT and out-
comes or complications, we performed multivariable hier-
archical logistic regression analyses and specifed a random
intercept for each of the 18 recruiting centers.Temodel was
prespecifed and included relevant confounders identifed by
literature screening and expert opinion [11–15]. Te ana-
lyses were adjusted for age, the BMI, smoking habits, di-
abetes, other autoimmune diseases, type of chemotherapy,
axillary dissection, and type of surgical procedure. Missing
data amounted to less than 2% per variable, with the ex-
ception of the BMI (13.5%).We considered values as missing
at random and performed a complete case analysis. How-
ever, for each outcome measure, we performed a regression
analysis not including the BMI (Table1 model 1) and
a maximally adjusted analysis including the BMI (Table 1
model 2).

We used STATA 17.0 (Stata Corp., College Station, TX,
USA) for the statistical analysis. A two-sidedp value <0.05
was considered statistically signifcant.

3. Results

From 2001 to April 8, 2021, 3116 records were retained for
the analysis: 187 autologous, 1227 direct-to-implant, and
1702 tissue expander/immediate reconstructions (Table 2).

Baseline demographic and clinical characteristics of the
overall cohort stratifed by the surgical procedure are re-
ported in Table 2 and Supplementary Table 2.

Te median age of patients was 49 years (IQR, 43–56),
with patients undergoing DTI being a median of 3 years
younger than those receiving other types of surgical pro-
cedures (Table 2). Te median BMI was 22.9 (IQR,
20.8–25.3); this value was signifcantly higher in patients
undergoing autologous reconstruction (p< 0.001), due to
the higher proportion of obese patients in this group
(p< 0.001, Table 2). Among other risk factors, 14.5% of
patients were current smokers, 3.3% had diabetes, and 7.3%
had autoimmune disease. Most patients received chemo-
therapy (61.1%), 46.1% underwent axillary dissection, and
37.5% underwent PMRT. Te proportion of patients un-
dergoing these treatments and procedures signifcantly
difered by type of surgical procedure performed (Table 2).

3.1. Postsurgical Outcomes and Complications. Te key
negative postoperative outcomes and complications by type
of surgical procedure are reported in Table 3 and Supple-
mentary Table 3. Failure occurred in a small proportion of
patients (2.3%), with no signifcant diferences between

patients undergoing diferent types of reconstruction
(p � 0.54).

It should be noted that in irradiated expander, failure
accounted for 3.8% of the patients while in irradiated DTI
this increased to 5.6%.

Accordingly, the proportion of patients undergoing
explant was signifcantly higher in the DTI group (14.1%;
p< 0.001, Table 3); taking irradiation into account, we
observed an increase in the explant rate comparing the
expander and DTI (both irradiated and nonirradiated)
which resulted as 12.8% vs. 27% and 4.8 vs. 8%, respectively
(Supplementary Table 3).

It should be noted that the proportion of patients
needing a reintervention was higher in the TE/I group
(19.0%; p< 0.001), when compared with both autologous
reconstruction and DTI.

Te number of patients who needed a change in the type
of reconstruction was higher in the group undergoing au-
tologous reconstruction (4.9%; p< 0.001, Table 3) and more
precisely in the irradiated autologous reconstructions (11.5%
against 0% of the nonirradiated autologous group (Sup-
plementary Table 3)).

In 39.1% of the cases, we registered at least one com-
plication, divided as follows: 19.2% severe complications,
10.3% mild complications, 7.0% concomitant mild and se-
vere complications, and 2.6% of unknown or unclassifed
severity. Infections occurred in 4.6% of cases (n� 144)
(Table 3).

For implant-based breast reconstruction, the most fre-
quent complication was capsular contracture accounting for
12.5% of patients undergoing DTI and 7.2% in TE/I in
nonirradiated patients. Such percentages increased dra-
matically in irradiated patients up to 51.8% and 46.2%,
respectively (Supplementary Table 3).

In the group undergoing autologous reconstruction, the
most common severe complications were as follows: pres-
ence of fap necrosis of any grade (11.9%), microvascular
complications requiring reintervention (6.2%), and bulging
(4.0%). While in the groups undergoing DTI and TE/I re-
construction, the most severe complication by far was
capsular contracture, occurring, respectively, in 25.0%
(n� 307) and 22.3% (n� 367) of the reconstructions per-
formed (Table 3).

3.2. Postmastectomy Radiotherapy as a Risk Factor for Key
Outcomes and Complications. Te multivariable-adjusted
odds ratios (i.e., adjusted for age, the BMI, smoking
habits, diabetes, other autoimmune diseases, type of che-
motherapy, axillary dissection, and type of surgical pro-
cedure performed) between PMRT and key outcomes and
complications are reported in Table 1.

Taking into account the above-mentioned confounders,
PMRT increased the risk of key negative outcomes including
reconstruction failure (aOR, 2.72; 95% CI, 1.39–5.32;
p � 0.004), need for a change in type of reconstruction
(aOR, 7.99; 95% CI, 1.36–47.0; p � 0.021), and explant
(aOR, 2.49; 95% CI, 1.49–4.15; p< 0.001) but not reinter-
vention (aOR, 1.49; 95% CI, 0.89–2.48; p � 0.128).
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Te risk for any complication was signifcantly increased
in patients receiving PMRT (aOR, 1.73; 95% CI, 1.33–2.24;
p< 0.001), in particular those of severe grade (aOR, 2.17;
95% CI, 1.58–2.97; p< 0.001), while mild complications
were not signifcantly afected by irradiation. PMRT was
associated with a signifcant increase in the risk of any in-
fection (aOR, 1.91; 95% CI, 1.06–3.42; p � 0.030) but not of
late infections (aOR, 0.82; 95% CI, 0.28–2.38; p � 0.713)
together with an association with the risk of capsular
contracture in the DTI and TE/I groups (aOR, 2.24; 95% CI,
1.57–3.20; p< 0.001).

3.3. Risk of Negative Outcomes and Complications by Type of
Procedure. In adjusted analyses (taking into account PMRT,
age, the BMI, smoking habits, diabetes, other autoimmune
diseases, type of chemotherapy, and axillary dissection), the
risk of failure (aOR, 1.82; 95% CI, 1.06–3.12, p � 0.030),
explant (aOR, 3.34; 95% CI, 3.85–7.83, p< 0.001), any
complication (aOR, 1.83; 95% CI, 1.43–2.34, p< 0.001), and
severe complications (aOR, 2.54; 95% CI, 1.88–3.43,
p< 0.001) were signifcantly higher in the group undergoing
DTI reconstruction as compared to TE/I reconstruction.
However, the adjusted odds of reintervention were about
20 times lower in patients with DTI reconstruction (aOR,
0.05; 95% CI, 0.03–0.08, p< 0.001) (Table 4).

Te group of patients undergoing DTI reconstruction
had a signifcantly higher risk of explant (aOR, 3.80; 95% CI,
1.15–8.03, p � 0.026) as compared with those who un-
derwent autologous reconstruction, but the adjusted odds of
reinterventions were about nine times lower (aOR, 0.11; 95%
CI, 0.03–0.43, p � 0.002). As compared to those with a TE/I
reconstruction, those undergoing autologous re-
constructions had an increased risk of complications (aOR,
2.27; 95% CI, 1.41–3.67, p � 0.001) and severe complications
(aOR, 2.29; 95% CI, 1.24–4.23, p � 0.008) (Table 4). Tere
were no signifcant diferences in terms of infections across
any of the three groups.

4. Discussion

Nowadays, indications for PMRT are increasing together
with the rate of breast reconstruction, given an increased
awareness of its fundamental role.

In order to guide physicians towards better practice,
there is a clear need for guidelines and position statements in
the medical-scientifc community. In particular, the impact
of PMRT on breast reconstruction has been a subject of
longstanding research, but a large study population is still
needed to confrm the evidence [12, 16, 17].

For this reason, Senonetwork Italia supported this
project in order to evaluate the efect of PMRT on breast

Table 1: Multivariable hierarchical logistic regression analyses investigating the association between postmastectomy radiotherapy and key
postsurgical outcomes and complications. Each estimate is adjusted for age, smoking habits, diabetes mellitus, other autoimmune diseases,
type of chemotherapy, axillary dissection, and type of surgical procedure performed (autologous reconstruction, direct to implant, or tissue
expander/immediate). Estimates in the second column (multivariable model 2) are additionally adjusted for the BMI.

Dependent variable
Radiotherapy

Multivariable model 1 Multivariable model 2
aOR (95% CI) p value† aOR (95% CI) p value†

Outcomes
Failure 2.60 (1.38–4.88) 0.003 2.72 (1.39–5.32) 0.004
Change in type of reconstruction 5.66 (1.20–26.6) 0.028 7.99 (1.36–47.0) 0.021
Explant 2.31 (1.40–3.80) 0.001 2.49 (1.49–4.15) <0.001
Reintervention 1.24 (0.79–1.94) 0.347 1.49 (0.89–2.48) 0.128

Complications (all procedures)
Any complication 2.00 (1.58–2.54) <0.001 1.73 (1.33–2.24) <0.001
Severe complication1 2.80 (2.09–3.74) <0.001 2.17 (1.58–2.97) <0.001
Mild complication2 1.60 (1.18–2.17) 0.003 1.28 (0.91–1.80) 0.162
Hematoma 0.61 (0.33–1.14) 0.120 0.48 (0.23–1.02) 0.056
Seroma 1.82 (1.23–2.70) 0.003 1.49 (0.92–2.41) 0.101
Cutaneous necrosis 0.91 (0.60–1.39) 0.664 0.68 (0.42–1.10) 0.114
Any infection 1.76 (1.09–2.86) 0.022 1.91 (1.06–3.42) 0.030
Late infection 1.18 (0.52–2.64) 0.693 0.82 (0.28–2.38) 0.713

Complications in DTI and TE/I groups
Capsular contraction 3.18 (2.31–4.37) <0.001 2.24 (1.57–3.20) <0.001
Implant exposure 2.05 (1.07–3.92) 0.029 1.94 (0.99–3.79) 0.054
Implant rupture 1.31 (0.49–3.54) 0.591 1.85 (0.64–5.36) 0.258

Values are expressed as absolute frequency (percentage) for categorical variables and as median (interquartile range) for continuous variables. Due to the
small sample size and number of events in the group undergoing autologous reconstruction, it was not possible to perform the multivariable regressions using
as outcomes the following complications occurring exclusively in this group: liponecrosis, volume loss, pain, hernia, fap necrosis, bulging, and microvascular
complications. †Chi-squared test for categorical variables; Kruskal–Wallis test for continuous variables. 1Severe complications: late infection, capsular
contraction, implant exposure, implant rupture, hernia, fap necrosis, bulging, and microvascular complications requiring surgery. 2Mild complications:
hematoma, seroma, cutaneous necrosis, early infection, abdominal or lumbar pain, liponecrosis, and volume loss. Abbreviations: aOR: adjusted odds ratio;
BMI: body mass index; DTI: direct to implant; TE/I: tissue expander/immediate.
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reconstruction and to compare the three principal types of
reconstruction techniques.

Te retrospective experience of 18 centers was collected,
and the diferent clinical experiences reported were also
collected. In the three diferent populations, we analyzed the
percentage of absolute reconstruction failure, explant,
reintervention, and change in type of reconstruction.

Categorizing the reintervention represented a particu-
larly challenging task, since we included in this group
general surgical complications such as escharotomy in cases
of necrosis, seroma, or hematoma drainage together with
implant-related reinterventions and microvascular re-
visions. Our analysis of the reintervention was aimed at
obtaining data regarding the possibility of receiving addi-
tional intervention after primary surgery, thus ofering
patients comprehensive preoperative information.

Our study confrms the negative efect of PMRT on
breast reconstruction after adjusting for a consistent set of
clinical and surgical confounders. PMRT increased the risk
of complication, explant, and reconstruction failure, but
interestingly, not of late infection. In addition, our analysis
confrmed that radiotherapy is related to a signifcant in-
crease in the risk for capsular contraction in both DTI and
TE/I patients.

In our study population, we collected a great majority of
implant-based breast reconstructions (94%) including pa-
tients who underwent both latissimus dorsi and implants;
such data are consistent with the Italian experience where
prosthetic reconstruction is highly prevalent.

Nevertheless, autologous reconstruction has been
adopted as a viable option in view of adjuvant radiotherapy,
based on the widespread belief in the greater safety of this
technique, especially in the case of PMRT [18, 19].

In our population, the absolute failure rate was as low as
2.3%, with no signifcant diferences between type of re-
construction. However, when taking into consideration
radiotherapy, autologous reconstruction appeared to be the
least impacted if compared with implant-based breast
reconstruction.

Our observations, although limited by the reduced
percentage of patients, are consistent with more recent
studies that confrm the superiority of autologous re-
construction in terms of complication rates and re-
constructive failure in cases of PMRT [12, 20–25].

Despite the advantages described above, the autologous
approach is characterized by longer intervention and re-
covery times than prosthetic reconstructions together with
morbidity of the donor site [24, 26].

Given the safer profle of autologous reconstruction, the
greatest dilemma in prosthetic breast reconstruction is
whether to choose DTI or TE/I reconstruction, especially
when radiotherapy is administered. According to Sun et al.,
PMRT can increase implant reconstruction complications
and prosthetic reconstruction failure but remains an ac-
ceptable option in a multidisciplinary setting [27]. Tere is
a growing debate about which implant-based breast re-
construction is preferable to ofer in cases of PMRT
[10, 20, 21, 23].

Lin and colleagues argued in favor of DTI, comparing
irradiated single-stage breast reconstruction and two-stage
breast reconstruction when TE is irradiated after the frst
stage [28].

Similar considerations are described in the multivariate
analysis of Naoum et al. that showed a signifcant association
between TE/I and a higher risk of infection and implant
failure, when compared to autologous reconstruction.
However, DTI and autologous reconstruction showed
comparable outcomes [20, 29].

Unlike Lin and Naoum’s reports, in our study, we ob-
served a higher proportion of explant in irradiated DTI
when compared with irradiated TE/I.

A more detailed comparison between our analysis and
that of Naoum and coworkers reveals that the two analyses
difer slightly. In particular, in our investigation, radio-
therapy is considered as a confounder, while in Naoum’s
paper nonirradiated patients are excluded. For this reason,
in our analysis, the results are applicable to patients both
with and without radiotherapy, as radiotherapy was in-
cluded in the multivariable model.

We are convinced that our statistical analysis is more
consistent with current clinical practice, in which the need
for PMRT is not usually known before breast reconstruction,
so we aimed to evaluate the best reconstruction procedure
considering any clinical variable. Indeed, the statistical
adjustment performed on our population, which allowed us
to include both PMRT patients and non-PMRT patients,
demonstrated a higher power in detecting any diference
when compared to the analysis which considered irradiated
patients only.

According to our data, TE/I reconstruction appears to be
safer when compared to DTI; indeed, in patients who un-
derwent DTI, we observed that complications may lead
more frequently to failure and explant, while positioning
implants after expander substitution in irradiated felds
seems to lead to failure rate being halved.

Mun’s metanalysis [30] presented comparable results
based on the belief that direct pressure or excess tension on
a mastectomy skin fap due to the insertion of a large fxed-
volume implant could increase the rate of reconstruction
failure and explant, especially in the case of PMRT.

From our results, we are convinced that radiotherapy
afects both DTI and TE/I. However, in TE/I breast re-
construction, the impact of radiotherapy is not refected in
an increase in failure or the explant rate but rather in an
increased reintervention rate and a consequently greater
need for implant substitution or capsular revision.

Although TE/I reconstruction appears to be the safest
prosthetic option when PMRT is administered, these ob-
servations warrant further evaluation to ascertain the best
timing of radiotherapy in relation to expander substitution,
percentage of expander flling during radiotherapy, or
whether the use of lipoflling during the substitution exerts
an impact on fnal reconstruction failure.

Our analysis further highlights how radiotherapy leads
to capsular contracture in both DTI and TE/I re-
construction. Such an observation, based on a well-
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populated national database, testifes the need for pro-
cedures to reduce and treat capsular contracture.

Our study presents certain limitations that warrant
consideration. Firstly, it is retrospective in nature. Secondly,
although collecting experience from 18 breast centers
allowed us to obtain a substantial study population, there is
some degree of variability in experience and clinical practice
across centers. To overcome this limitation, we employed
a multivariable hierarchical logistic regression analysis with
a random intercept which took into account the fact that
observations belonging to each recruiting center are to
a certain degree correlated.

As previously stated, in order to obtain an additional
evaluation, we analyzed the proportion of reinterventions
including a wide range of diferent procedures.We are aware
that merging diferent procedures may somewhat mislead in
terms of conclusions; nevertheless, considering each single
reintervention separately would not have allowed us to draw
a meaningful conclusion because of a lack of
statistical power.

We are convinced, however, that these data still provide
useful information regarding the chance to receive further
procedures after the frst operation.

Lastly, we were unable to include data regarding ADM
usage and prepectoral reconstruction. ADM is widely
adopted, especially in studies conducted in the US; however,
Italian centres do not routinely use ADM. Italian population
sample sizes were therefore too small to provide any
meaningful data. Prepectoral reconstruction is being in-
creasingly indicated, thanks to a rapid postoperative re-
covery, reduction of postoperative pain, and the absence of
animation deformity. Italian centers are thus progressively
shifting towards prepectoral reconstruction. So far, the
follow-up period of studies is still short; nevertheless, we are
currently planning to conduct a more extensive, compre-
hensive, and defnitive investigation into the efects of ra-
diotherapy on prepectoral implants.

5. Conclusion

Our large multicenter study [31] confrms that autologous
reconstruction is the procedure that is least impacted by
PMRT. However, it is more invasive, calls for a dedicated
microsurgical team, and demonstrates a higher risk of
changing the type of reconstruction.

Direct-to-implant reconstruction appears to be pro-
cedure that is most impacted by PMRT if compared with the
two-stage approach. Our fndings show that the TE/I ap-
proach appears to be the safer option in PMRT cases.

Nevertheless, further data are needed to elicit the safety
profle of two-stage breast reconstruction in PMRT cases,
with an analysis of whether flling volume during radio-
therapy could afect outcomes or whether autologous fat
grafting could improve results.

Abbreviations

ADM: Acellular dermal matrix
DTI: Direct-to-implant

PMRT: Postmastectomy radiotherapy
TE/I: Tissue expander/implants.

Data Availability

Te database used to support the fndings of this study were
supplied by the nonproft organization Senonetwork group;
requests for access to these data should be made to Daniele
Piovani.

Disclosure

An earlier version of our work was presented in Research
Square “Andrea Lisa, Marzia Salgarello, Alessandra Huscher
et al. Te efect of adjuvant radiotherapy on one- and two-
stage prosthetic breast reconstruction and on autologous
reconstruction: a multicenter Italian study among 18
Senonetwork Breast Centres, 22 June 2022, PREPRINT
(Version 1) available at Research Square (https://doi.org/10.
21203/rs.3.rs-1712963/v1).

Conflicts of Interest

Te authors declare that they have no conficts of interest.

Supplementary Materials

Supplementary Table 1: Italian centers that participated in
the creation of the Senonetwork database. Supplementary
Table 2: baseline demographic, clinical characteristics, and
treatments of the overall cohort stratifed by the surgical
procedure and postmastectomy radiotherapy. Supplemen-
tary Table 3: postoperative outcomes and complications
stratifed by the surgical procedure and postmastectomy
radiotherapy. (Supplementary Materials)

References

[1] S. K. Al-Ghazal, L. Fallowfeld, and R. W. Blamey, “Com-
parison of psychological aspects and patient satisfaction
following breast conserving surgery, simple mastectomy and
breast reconstruction,” European Journal of Cancer, vol. 36,
no. 15, pp. 1938–1943, 2000.

[2] P. G. Cordeiro, “Breast reconstruction after surgery for breast
cancer,” New England Journal of Medicine, vol. 359, no. 15,
pp. 1590–1601, 2008.

[3] A. Y. Ho, Z. I. Hu, B. J. Mehrara, and E. G. Wilkins, “Ra-
diotherapy in the setting of breast reconstruction: types,
techniques, and timing,” Te Lancet Oncology, vol. 18, no. 12,
pp. e742–e753, 2017.

[4] A. Gabriel and G. P. Maxwell, “Prepectoral breast re-
construction in challenging patients,” Plastic and Re-
constructive Surgery, vol. 140, no. 6, pp. 14S–21S, 2017.

[5] W. J. Gradishar, M. S. Moran, J. Abraham et al., “NCCN
Guidelines® insights: breast cancer, version 4.2021,” Journal
of the National Comprehensive Cancer Network, vol. 19, no. 5,
pp. 484–493, 2021 May 1.

[6] A. Recht, E. A. Comen, R. E. Fine et al., “Postmastectomy
radiotherapy: an American society of clinical Oncology,
American society for radiation Oncology, and society of

10 Te Breast Journal

https://doi.org/10.21203/rs.3.rs-1712963/v1
https://doi.org/10.21203/rs.3.rs-1712963/v1
https://downloads.hindawi.com/journals/tbj/2023/6688466.f1.zip


surgical Oncology focused guideline update,” Practical Ra-
diation Oncology, vol. 6, no. 6, pp. e219–e234, 2016 Nov-Dec.

[7] L. B. Machado, M. B. Brody, S. E. Rotenberg, G. C. Stachelek,
and J. G. Fernandez, “Breast cancer tumor board: a radiolo-
gist’s guide to postmastectomy radiation therapy,” Radio-
Graphics, vol. 43, no. 3, Article ID e220086, 202.

[8] D. R. Heller, H. Zhuo, Y. Zhang et al., “Surgical outcomes of
mastectomy with immediate autologous reconstruction fol-
lowed by radiation,” Annals of Surgical Oncology, vol. 28,
no. 4, pp. 2169–2179, 2021.

[9] J. Remick and N. P. Amin, “Postmastectomy breast cancer
radiation therapy,” in Treasure Island (FL)StatPearls Pub-
lishing, Tampa, FL, USA, 2023.

[10] S. Agafonof, N. Kundu, G. Schwarz, and C. Shah, “Immediate
implant reconstruction in patients undergoing radiation
therapy: opportunities and challenges,” Annals of Surgical
Oncology, vol. 27, no. 4, pp. 963–965, 2020.

[11] M. B. Nava, J. R. Benson, W. Audretsch et al., “International
multidisciplinary expert panel consensus on breast re-
construction and radiotherapy,” British Journal of Surgery,
vol. 106, no. 10, pp. 1327–1340, 2019.

[12] I. Meattini, C. Becherini, M. Bernini et al., “Breast re-
construction and radiation therapy: an Italian expert Delphi
consensus statements and critical review,” Cancer Treatment
Reviews, vol. 99, Article ID 102236, 2021.

[13] S. J. Goodwin, C. M. McCarthy, A. L. Pusic et al., “Com-
plications in smokers after postmastectomy tissue expander/
implant breast reconstruction,” Annals of Plastic Surgery,
vol. 55, no. 1, pp. 16–20, 2005.

[14] A. C. Panayi, R. A. Agha, B. A. Sieber, and D. P. Orgill,
“Impact of obesity on outcomes in breast reconstruction:
a systematic review and meta-analysis,” Journal of Re-
constructive Microsurgery, vol. 34, no. 5, pp. 363–375, 2018.

[15] C. T. Lee, K. Ruth, S. Patel et al., “Factors associated with
reconstruction failure and major complications after post-
mastectomy radiation to a reconstructed breast,” Practical
Radiation Oncology, vol. 13, no. 2, pp. 122–131, 2023.

[16] S. J. Kronowitz, “Current status of implant-based breast re-
construction in patients receiving postmastectomy radiation
therapy,” Plastic and Reconstructive Surgery, vol. 130, no. 4,
pp. 513e–523e, 2012.

[17] S. J. Kronowitz, “Current status of autologous tissue-based
breast reconstruction in patients receiving postmastectomy
radiation therapy,” Plastic and Reconstructive Surgery,
vol. 130, no. 2, pp. 282–292, 2012.

[18] M. Barry and M. R. Kell, “Radiotherapy and breast re-
construction: a meta-analysis,” Breast Cancer Research and
Treatment, vol. 127, no. 1, pp. 15–22, 2011.

[19] N. V. Tran, D.W. Chang, A. Gupta, S. S. Kroll, and G. L. Robb,
“Comparison of immediate and delayed free TRAM fap
breast reconstruction in patients receiving postmastectomy
radiation therapy,” Plastic and Reconstructive Surgery,
vol. 108, no. 1, pp. 78–82, 2001.

[20] G. E. Naoum, L. Salama, A. Niemierko et al., “Single stage
direct-to-implant breast reconstruction has lower complica-
tion rates than tissue expander and implant and comparable
rates to autologous reconstruction in patients receiving
postmastectomy radiation,” International Journal of Radia-
tion Oncology, Biology, Physics, vol. 106, no. 3, pp. 514–524,
2020.

[21] B. V. Manyam, C. Shah, N. M. Woody et al., “Long-term
outcomes after autologous or tissue expander/implant-based
breast reconstruction and postmastectomy radiation for

breast cancer,” Practical Radiation Oncology, vol. 9, no. 6,
pp. e497–e505, 2019.

[22] R. Jagsi, A. O. Momoh, J. Qi et al., “Impact of radiotherapy on
complications and patient-reported outcomes after breast
reconstruction,” Journal of the National Cancer Institute-
Journal of the National Cancer Institute, vol. 110, no. 2,
pp. 157–165, 2018.

[23] L. Zhang, K. Jin, X. Wang et al., “Te impact of radiotherapy
on reoperation rates in patients undergoing mastectomy and
breast reconstruction,” Annals of Surgical Oncology, vol. 26,
no. 4, pp. 961–968, 2019.

[24] F. C. J. Reinders, D. A. Young-Afat, M. C. T. Batenburg et al.,
“Higher reconstruction failure and less patient-reported
satisfaction after post mastectomy radiotherapy with imme-
diate implant-based breast reconstruction compared to im-
mediate autologous breast reconstruction,” Breast Cancer,
vol. 27, no. 3, pp. 435–444, 2020.

[25] F. Rubilar, A. Navia, and B. Dagnino, “Autologous versus
prosthetic reconstruction for women with breast cancer who
will undergo post-reconstruction radiotherapy,” Medwave,
vol. 19, no. 10, Article ID e7727, 2019.

[26] T. Meresse, B. Chaput, J. L. Grolleau, and D. Ganglof,
“Complication des lambeaux en reconstruction mammaire
Complications of autologous breast reconstruction,” Annales
de Chirurgie Plastique et Esthetique, vol. 64, no. 5-6,
pp. 594–619, 2019.

[27] L. Sun, W. Zhu, J. Zhang et al., “Te risk factors and the
relationship between radiation dose and complications and
prosthetic reconstruction failure in patients with post-
mastectomy breast implant reconstruction: a retrospective
cohort study,” Gland Surgery, vol. 11, no. 11, pp. 1817–1831,
2022.

[28] A. M. Lin, J. M. Christensen, E. C. Liao et al., “Post-
mastectomy radiation therapy on permanent implants or
tissue expanders: which is better?” Annals of Surgery, vol. 274,
no. 6, pp. e974–e979, 2021.

[29] G. E. Naoum, O. T. Oladeru, A. Niemierko et al., “Optimal
breast reconstruction type for patients treated with neo-
adjuvant chemotherapy, mastectomy followed by radiation
therapy,” Breast Cancer Research and Treatment, vol. 183,
no. 1, pp. 127–136, 2020.

[30] K. T. Lee and G. H. Mun, “Comparison of one-stage vs two-
stage prosthesis-based breast reconstruction: a systematic
review and meta-analysis,” Te American Journal of Surgery,
vol. 212, no. 2, pp. 336–344, 2016.

[31] A. Lisa, M. Salgarello, and A. Huscher, “Te efect of adjuvant
radiotherapy on one- and two-stage prosthetic breast re-
construction and on autologous reconstruction: A Multi-
center Italian Study Among 18 Senonetwork Breast Centres,”
2022, https://assets.researchsquare.com/fles/rs-1712963/v1/
1f8adda5-5b7f-4c1a-bc16-5753ba01f769.pdf?c=1659450753.

Te Breast Journal 11

https://assets.researchsquare.com/files/rs-1712963/v1/1f8adda5-5b7f-4c1a-bc16-5753ba01f769.pdf?c=1659450753
https://assets.researchsquare.com/files/rs-1712963/v1/1f8adda5-5b7f-4c1a-bc16-5753ba01f769.pdf?c=1659450753



