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A B S T R A C T   

Breast conserving surgery (BCS) plus radiation therapy (RT) or mastectomy have shown comparable oncological 
outcomes in early-stage breast cancer and are considered standard of care treatments. Postmastectomy radiation 
therapy (PMRT) targeted to both the chest wall and regional lymph nodes is recommended in high-risk patients. 
Oncoplastic breast conserving surgery (OBCS) represents a significant recent improvement in breast surgery. 
Nevertheless, it represents a challenge for radiation oncologists as it triggers different decision-making strategies 
related to treatment volume definition and target delineation. Hence, the choice of the best combination and 
timing when offering RT to breast cancer patients who underwent or are planned to undergo reconstruction 
procedures should be carefully evaluated and based on individual considerations. 

We present an Italian expert Delphi Consensus statements and critical review, led by a core group of all the 
professional profiles involved in the management of breast cancer patients undergoing reconstructive procedures 
and RT. The report was structured as to consider the main recommendations on breast reconstruction and RT and 
analyse the current open issues deserving investigation and consensus. We used a three key-phases and a Delphi 
process. The final expert panel of 40 colleagues selected key topics as identified by the core group of the project. 
A final consensus on 26 key statements on RT and breast reconstruction after three rounds of the Delphi voting 
process and harmonisation was reached. An accompanying critical review of available literature was 
summarized. 

A clear communication and cooperation between surgeon and radiation oncologist is of paramount relevance 
both in the setting of breast reconstruction following mastectomy when PMRT is planned and when extensive 
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glandular rearrangements as OBCS is performed. A shared-decision making, relying on outcome-based and 
patient-centred considerations, is essential, while waiting for higher level-of-evidence data.   

Introduction 

Breast cancer is the most common cause of cancer-related deaths for 
women worldwide with an overall increasing trend of prevalence and 
mortality rate [1,2]. Breast conserving surgery (BCS) plus radiation 
therapy (RT) or mastectomy have shown comparable oncological out
comes in early-stage breast cancer and are considered standard of care 
treatment to be offered to patients based on the specific disease pre
sentation [3,4]. Although both interventions are valid options, mastec
tomy should not be regarded as equal to breast conservation [5]. 
Postmastectomy radiation therapy (PMRT) targeted to both the chest 
wall and regional lymph nodes is recommended in case of high-risk 
features [6]. Oncoplastic breast conserving surgery (OBCS) represents 
one the most important recent improvements in breast surgery, as it 
combines conservative treatment of breast cancer and reconstructive 
techniques, to allow for wide tumour excisions and concurrently prevent 
breast deformities. These approaches have an established safety profile 
with respect to oncological outcomes and robust cosmetic results [7,8]. 
Nevertheless, a not negligible rate of patients does not require OBCS to 
obtain good cosmetic outcomes, since it might increase the surgical 
complications risk and represent a challenge for radiation oncologists 
triggering different decision-making strategies related to treatment 
volume definition and target delineation (i.e., partial breast irradiation 
[PBI], tumour bed boost [TBB]). 

The optimal technique and timing to deliver radiation in this clinical 
setting are still under investigation, together with the combination with 
the most suitable reconstructive approach. The use of new techniques, 
such as intensity-modulated radiation therapy (IMRT) and volumetric 
modulated arc therapy (VMAT) allowed for selective avoidance of 
normal tissue, reducing treatment related toxicity profile and providing 
a possibility for improved quality of life, patient reported outcomes and 
cosmesis [9,10]. Even if delivered with modern techniques, RT has a 
detectable detrimental impact of the outcome of reconstruction, 
regardless of the time sequence employed. Hence, the choice of the best 
combination and timing when offering RT to breast cancer patients who 
underwent or are planned to undergo reconstruction procedures should 
be carefully evaluated and based on individual considerations. 

We performed a multidisciplinary Italian expert Delphi Consensus 
statements and critical review on patients undergoing reconstructive 
surgery and RT. We aimed to explore the grey areas, build consensus, 
and propose evidence-based suggestions for an appropriate manage
ment of this specific clinical context. 

Materials and methods 

The report was structured as to consider the main recommendations 
on breast reconstruction and RT and analyse the current open issues 
deserving investigation and consensus. We used a three key-phases and a 
Delphi process [11]. 

During the first phase, a Core Group (CG) made of 13 breast cancer 
management experts (including clinical, radiation, and surgical oncol
ogists) within the Scientific Board of the Breast Cancer Group of the 
Italian Association of Radiotherapy and Clinical Oncology (AIRO) was 
asked to define the relevant statements on the topic at hand. The project 
obtained the endorsement by the Group for Reconstructive and Thera
peutic Advancements (G.RE.T.A.), the Clinical Oncology Breast Cancer 
Group (COBCG), and the AIRO. A PubMed research was conducted to 
identify the most relevant existing guidelines and consensus, meta-ana
lyses and systematic reviews reporting on clinical outcomes and quality 
of life measures, and the studies that evaluated modern surgical tech
niques for breast reconstruction, OBCS techniques, and breast 

reconstruction after mastectomy, with a specific focus on the studies 
evaluating autologous versus implant-based breast reconstruction 
(IBBR) and immediate versus delayed breast reconstruction in patients 
receiving postoperative RT. After two virtual advisory board meetings, 
the CG defined 27 preliminary key-statements to be recommended tar
geting 5 preliminary key-topics, based on a literature review which 
explored the available evidence (Table S1). Thereafter, an expert panel 
(EP) of 43 Italian oncologists with expertise in breast cancer was 
selected and invited to participate (29 radiation/clinical, 12 surgical, 2 
medical oncologists). Selection of the EP was based on the expertise (i.e. 
years of experience in the field, number of publications on the topic) of 
representatives from main Italian breast cancer leading centres. 

In the second phase, specific surveys were submitted to the EP using 
the online survey tools Google Forms. Anonymity in filling the ques
tionnaires was warranted. In round one, the EP was provided with the 
results of the critical review and the preliminary key-topics. The par
ticipants were asked to answer one open-ended question, providing a 
description of potential key-topics on breast cancer reconstruction and 
RT that had not been identified in the literature review. Two in
vestigators (CB and IM) elaborated all the responses, summarising them 
into a list of key-topics that was circulated amongst all participants in 
the second round of the Delphi process to assess whether or not 
consolidation did introduce misinterpretations of individual responses. 
In the third round, all the key-statements, extracted from both the 
critical review and the first two Delphi rounds, were provided to the 
participants in order to be scored following a 5-point Likert scale (1 =
strongly disagree; 5 = strongly agree) [12]. A threshold offset at ≥ 75% 
for agreement or disagreement was required for each statement to reach 
consensus (100% unanimous support; 90–99% strong support; 75–89% 
support). We analysed all responses and comments, grouped all the 
statements reaching consensus and excluded them from the subsequent 
survey. Next, we asked the participants to vote again on the items that 
had not reached at least 75% agreement. Following this round, we 
excluded from the final recommendations any item that could not reach 
consensus. We finally generated a consensus on breast reconstruction 
and RT in breast cancer patients by combining all statements that 
reached consensus. During this phase, only minor modifications to 
grammar and wording were accepted. No addition or removal of any 
item was permitted. 

The third phase took place during a virtual consensus conference 
held on March 25, 2021 (AIRO Breast Cancer Group Spring meeting). 
The EP and the CG were invited to discuss in public sessions the results of 
the online consensus survey and key-statements. A diagram summari
zing this methodological workflow is shown in Fig. 1. 

Results 

Among the 43 selected experts for the EP, one colleague refused the 
invitation, and two colleagues did not respond the surveys. The final EP 
of 40 colleagues is acknowledged in Table S2. Distribution of the level of 
evidence for selected key topics as voted by the CG is reported in 
Table S3. Only one preliminary key-statement (“Recent evidence 
showed that immediate and delayed autologous breast reconstruction 
achieve similar outcomes in terms of early surgical complications”) did 
not reach the consensus and was removed. 

Final consensus on the key statements on RT and breast recon
struction reached after three rounds of the Delphi process is reported in 
Tables 1 and 2. 
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Surgical techniques for oncoplastic breast reconstruction: Breast 
conserving surgery (statements 1–7) 

Consensus statements 1–7 on surgical techniques for OBCS are 
summarized in Table 1. 

OBCS techniques for the treatment of breast cancer have been 
developed with the aim to provide better results in terms of cosmetic 
outcomes when compared to standard BCS, potentially improving post- 
operative quality of life, reducing the rates of positive resection margins 
and re-intervention [13]. A consensus definition and classification sys
tem of OBCS has been recently developed by the American Society of 
Breast Surgeons (ASBrS), based on a systematic review of the published 
literature [14]. The ASBrS defined OBCS as “breast conservation surgery 
incorporating an oncologic partial mastectomy with ipsilateral defect 
repair using volume displacement or volume replacement techniques 
with contralateral surgery as appropriate”. 

Volume displacement is defined as the procedure comprising the 
closure of the lumpectomy defect and the redistribution of the resection 
volume over the preserved breast and it is divided into two levels ac
cording to the classification by Clough et al [15]: level-I techniques 
consider the excision of less than 20% of breast volume without skin 
excision; level-II techniques allow larger volume resections (20–50% of 
breast volume), encompassing more complex procedures deriving from 
breast reduction techniques, also called therapeutic mammoplasties, 
involving extensive skin excision and breast reshaping. Volume 
replacement techniques include the use of flaps to correct the partial 

mastectomy defect. Level-I volume displacement techniques consist in 
glandular flap rearrangements around the defect caused by the lump
ectomy without skin excision. These techniques are preferably used for 
patients with a higher glandular component of the breast, therefore 
reducing the risk of fat necrosis in the postoperative setting [16]. Skin 
incisions should be planned according to tumour location, breast shape 
and volume. Level-II displacement techniques are mainly inspired by 
reduction mammoplasties techniques. In small or medium volume 
breasts with slight or medium ptosis, a complete peri-areolar approach 
could be considered according to the “round block” technique described 
by Benelli et al. [17], with a major skin undermining, detaching the 
glandular tissue from the skin. This technique could be used for tumours 
located in any quadrant of the breast. The techniques for treating tu
mours located in the lower quadrants are borrowed from aesthetic sur
gery [18,19], with superior vascular pedicles. The skin excess excision 
could follow a vertical- or an inverted “T”- pattern [20] depending on 
the breast volume and ptosis: larger volumes and higher degrees of 
ptosis require an inverted “T” rather than a vertical scar. The techniques 
for treating tumours located at the upper quadrants are based on inferior 
and posterior vascular pedicles [21,22]. 

OBCS techniques for tumours located in the central quadrant could 
be selected according to breast volume and ptosis. Centrally located 
tumours in medium/small breasts with slight/medium ptosis could be 
treated with the rotation of an infero-lateral dermo-glandular pedicle, 
preserving a skin island that replaces the Nipple-Areola Complex (NAC) 
[23]. 

Fig. 1. Schematic overview of the Delphi process for the Consensus Statements.  

I. Meattini et al.                                                                                                                                                                                                                                 



Cancer Treatment Reviews 99 (2021) 102236

4

Volume replacement techniques in OBCS include local and regional 
flaps. Defects in the lower quadrants of the breast can be addressed using 
local flaps such as abdominal adipofascial flaps or thoraco-epigastric 
perforator flaps. Defects in the lateral quadrants can be rebuilt with 
lateral chest wall perforator flaps including lateral intercostal artery 
perforator (LICAP) flap, lateral thoracic artery perforator (LTAP) and 
thoracodorsal artery perforator (TDAP) flap [24]. Distant flaps (latissi
mus dorsi miniflap, omental flap) used for partial volume replacement 
are most commonly pedicled and can be used to reconstruct infero- 
medial defects. The use of free flap volume replacement techniques is 
also described after BCS [25]. They are adaptable to repair defects in any 
breast quadrant. Some authors proposed algorithms and flow charts 
with the aim of helping breast surgeons to choose the best oncoplastic 
technique according to tumour location, breast volume and ptosis 
[16,26]. Others developed and validated a decision support system 
considering other decisional drivers as tumour stage, risk of positive 

Table 1 
Final Consensus statements on surgical techniques for oncoplastic breast 
reconstruction after three Delphi rounds as voted by the expert panel.  

Key-Topic and Key statement Agreement 
(%) 

Consensus 

1. Techniques for oncoplastic breast surgery: breast conserving surgery  
1. Level I volume displacement techniques 

consider the excision of less than 20% of 
breast volume without skin excision. 

97.4 Strong support  

2. Level II volume displacement techniques 
allow for larger volume resections (20-50% 
of breast volume), encompassing therapeutic 
mammoplasties (extensive skin excision and 
breast reshaping). 

97.4 Strong support  

3. The glandular flap rearrangements around 
the defect caused by the lumpectomy without 
skin excision are preferably used for patients 
with a higher glandular component of the 
breast, therefore reducing the risks of fat 
necrosis postoperatively. 

82 Support  

4. Skin incisions should be planned according to 
tumour location, breast shape and volume. 

87.5 Support  

5. The free-flap volume replacement techniques 
are adaptable to repair defects in any breast 
quadrant. 

89.2 Support  

6. Considering the extensive rearrangements of 
breast tissue with oncoplastic procedures, the 
breast surgeon and radiation oncologist 
teams’ cooperation is crucial, and those 
professionals should identify local policies 
addressing the optimal number and location 
of surgical clips placed intraoperatively 
within the tumour bed. 

100 Unanimous 
support  

7. Algorithms and flowcharts taking into 
consideration decisional drivers (tumour 
location, breast volume, presence of ptosis, 
tumour stage, risk of positive margins, and 
patient’s preferences) could help breast 
surgeons in the choice of the best oncoplastic 
technique. 

97.5 Strong support 

2. Surgical techniques for breast reconstruction: mastectomy  
8. Prepectoral IBBR is beneficial to patients by 

enhancing aesthetic outcomes with more 
natural breast shape in the anatomic plane, 
sparing the pectoralis muscle from dissection 
and avoiding animation deformity. 

94.6 Strong support  

9. Fat grafting is a useful tool to improve 
cosmetic results especially when performed 
before/during the second reconstructive 
stage of a two-stage breast reconstruction and 
after a one-stage direct-to-implant IBBR to 
correct any possible rippling effect. 

92.1 Strong support  

10. The autologous flap could be an up-front 
choice for more natural consistency, long- 
lasting results, or for contraindications to 
IBBR. 

89.5 Support 

Abbreviations. IBBR, implant-based breast reconstruction. 

Table 2 
Final Consensus Statements on Key-Topics focused on radiation therapy after 
three Delphi rounds as voted by the expert panel.  

Key-Topic and Key statement Agreement 
(%) 

Consensus 

3. Postoperative radiation therapy after oncoplastic breast surgery  
11. The growing use of oncoplastic techniques 

resulted in a crucial challenge when 
delivering breast RT, especially for tumour 
bed boost and partial breast irradiation 
indications. 

100 Unanimous 
support  

12. Tissue rearrangement can alter the original 
location of the marked parenchyma making 
uncertain the identification of the tumour 
bed. 

95 Strong support  

13. At least 4 clips should be placed in the 
tumour cavity walls after tumour resection 
and before the oncoplastic reconstruction 

82 Support 

4. Indication for postmastectomy radiation therapy  
14. The level of evidence with respect to studies 

investigating breast reconstruction and 
PMRT is low. However, breast 
reconstruction does not represent a 
contraindication for irradiation. The results 
of prospective studies investigating the most 
suitable surgical approach and timing of 
reconstruction are strongly needed. 

97.6 Strong support  

15. PMRT indication is based on the pT and pN 
stage, as well as additional risk factors 
related to both patient and tumour (i.e., age, 
tumour biology). 

97.6 Strong support  

16. PMRT represents the standard of care for 
patients affected with pN2-3 breast cancer, 
regardless of pT stage. 

100 Unanimous 
support  

17. PMRT is not to be considered standard of 
care but should be evaluated for patients 
affected with pN1 breast cancer and 
concomitant high-risk factors (related to 
both patient- and tumour biology). 

97.6 Strong support  

18. In case of PST, PMRT is not standard of care 
but should be strongly considered in 
patients with any residual nodal disease 
(ypN+) after PST. 

95.1 Strong support  

19. In case of PST, PMRT is not standard of care 
but should be strongly considered in 
patients with clinical T4 stage regardless of 
the response to PST. 

82.5 Support  

20. Although the evidence is still low, existing 
data deriving from published pivotal trials 
support PMRT (chest wall and/or RNI) with 
commonly used moderate 
hypofractionation schedules. 

85 Support 

5. Techniques and timing of breast reconstruction and radiation therapy  
21. The timing of breast reconstruction should 

not affect oncological outcomes by delaying 
postoperative therapies. 

97.5 Strong support  

22. IBBR (either one or two-stage) is actually 
the most widely adopted method for breast 
reconstruction in patients undergoing 
PMRT. 

90 Strong support 

23. If an implant-based reconstruction is plan
ned in the setting of postoperative RT, both 
one or two-stage reconstruction could be 
offered since no evidence on the superiority 
of one over the over is available in the cur
rent literature. 

84.6 Support  

24. If considering a two-stage implant-based 
approach, evidence regarding the optimal 
sequencing between expander exchange 
and RT still remains inconclusive. 

87.5 Support  

25. Immediate autologous tissue breast 
reconstruction shows less complications and 
improved patient-reported outcomes than 
immediate IBBR in the setting of PMRT. 

79.5 Support  

26. The use of autologous tissue is the best 
option for delayed breast reconstruction in 
the irradiated patient. The optimal timing 

92.1 Strong support 

(continued on next page) 
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margins and patient wishes [27]. 

Surgical techniques for oncoplastic breast reconstruction: Mastectomy 
(statements 8–10) 

Consensus statements 8–10 on surgical techniques for onco
plastic breast reconstruction after mastectomy are summarized in 
Table 1. 

Despite a significant decrease after 1990 due to the widespread 
adoption of BCS, the rate of mastectomies has been increasing again in 
the last decade. Quality indicators in Europe require to reduce mastec
tomies to 30% for invasive cancers not larger than 3 cm and for non- 
invasive cancers not larger than 2 cm [28]. However, mastectomies 
are increasing worldwide, due to genetic testing, women’s choice and 
the improvements in modern reconstruction techniques [29]. Indeed, 
breast reconstruction has transformed a mastectomy in a much less 
demolitive procedure. It is possible either as a delayed step (delayed 
breast reconstruction) or simultaneously to the oncological procedure 
(immediate breast reconstruction). Thanks to modern “conservative 
mastectomies” (skin-sparing, nipple-sparing, and skin-reducing), im
mediate breast reconstruction has become a very common option and it 
is preferred to both delayed breast reconstruction and no reconstruction 
at all [30,31]. 

Breast reconstruction is of utmost importance for the psychological 
and social well-being of patients, and immediate breast reconstruction 
has definitely an advantage over delayed breast reconstruction in this 
sense [32]. Regardless of timing, breast reconstruction can be prosthetic 
(alloplastic) or autologous. Implants have been by far preferred in 
Europe for many years and lately this is frequent in the US as well 
[33,34]. An immediate IBBR can be either performed in two stages, 
using tissue expanders (TE), to be exchanged with permanent implants, 
or in one stage, with an immediate permanent implant positioning 
(direct-to-implant, DTI). Both are called IBBR. The choice of TE or DTI is 
based on oncological, anthropometric, and comorbidity factors [35]. 
More recently, a paradigm shift has been introduced in the IBBR sce
nario, namely the prepectoral approach. Historically, IBBR was born as 
subcutaneous [36]; later on, due to postoperative complications and 
simple mastectomy diffusion, a sub-muscular breast reconstruction 
became the gold standard both TE and DTI [37]. In the last decade, 
matrices (soft tissue replacement devices), either synthetic or biological, 
started a new trend of hybrid (dual-plane) prosthetic coverage, muscle 
plus mesh, obtaining more natural lower poles [38]. Since 2014, pre
pectoral breast reconstruction revolutionized the sub-muscular dogma 
by means of full mesh coverage [39,40]; sparing all thoracic muscles, 
prepectoral breast reconstruction is now the hot topic worldwide. It 
recreates a very natural and pleasant reconstructed breast, with excel
lent patient subjective body image perception, avoiding the functional 
and painful pitfalls of traditional sub-muscular breast reconstruction 
[41]. A prepectoral IBBR applies mostly to DTI but also to TE, according 
to the surgical strategy [42,43]. Nonetheless, this is not a “one-size-fits- 
all” technique, since many patients might be not adequate candidates. 
Oncological, anatomical, as well as specific risk factors, such as smoking 
and high BMI, could jeopardize the potential benefits related to a pre
pectoral breast reconstruction, being skin vascularization and wound 

healing of uttermost importance. Indeed, sub-muscular IBBR has still a 
prominent place, being often favoured [44]. The alternative way to 
breast reconstruction is an autologous flap. Sometimes it is an up-front 
choice due to more natural consistency, long-lasting results or for con
traindications to IBBR. Otherwise, it is employed after IBBR failure, 
when prosthetic materials alone are no more suitable. Historically, la
tissimus dorsi flap was the first adopted. Another pedicled flap is the 
transverse rectus abdominis musculocutaneous (TRAM) flap, which is 
almost dismissed after the introduction of microsurgery in this field. 
Deep inferior epigastric perforator (DIEP) flap is to date the most pop
ular and preferred abdominal flap, it is a free flap and requires micro
surgical skills for vessels anastomoses. A variant is the superficial 
inferior epigastric artery (SIEA) flap, which has less abdominal wall 
morbidity, but not all patients have vessels big enough for it. When 
abdomen is not suitable, gluteal or thigh free flaps are secondary op
tions, still requiring microsurgery (transverse upper gracilis, TUP; pro
funda artery perforator, PAP; superior and inferior gluteal artery 
perforator, SGAP and IGAP) [45]. Although autologous breast recon
struction has better patient-reported outcomes, IBBR still outnumbers it 
10:1, this is due to more complicated interventions, need of microsur
gical team and setup and the desire of avoidance of many scars by 
women [46]. 

Postoperative radiation therapy after breast conserving surgery (statements 
11–13) 

Consensus statements 11–13 on postoperative RT after BCS are 
summarized in Table 2. 

BCS followed by post-operative RT, currently represents the standard 
treatment alternative to mastectomy for patients with early-stage breast 
cancer [3,4]. Sequential or simultaneous TBB to whole breast irradiation 
(WBI), has been shown to improve local control [47], especially in 
younger patients, in case of positive surgical margins or high-grade tu
mours [48]. 

In the last years, data from randomized trials comparing WBI to PBI 
have demonstrated comparable clinical outcomes in appropriately 
selected patients [49]. Therefore, scientific societies have endorsed PBI 
as a treatment strategy after BCS in low-risk women affected with breast 
cancer [50,51], and the use of PBI in the clinical practice is progressively 
increasing. Both TBB and PBI are closely related to a precise and accu
rate definition of the tumour cavity after surgery to reduce recurrence 
rates and complications [52]. Recently, the growing use of oncoplastic 
techniques resulted in a crucial challenge when delivering breast RT, 
especially in case of TBB or PBI. Indeed, tissue rearrangement can alter 
the original position of the marked parenchyma hampering the identi
fication of the tumour bed. This fact may also result in larger boost or 
PBI volumes with a potential impact on the cosmetic outcome [53], 
which is to be considered as one of the main endpoints for OBCS. 

A 2013 systematic review explored the use of TBB in patients 
receiving OBCS, analysing 24 studies; details about TBB delivering and 
tumour bed marking were reported only in 11 and 8 experiences, 
respectively [54]. Authors suggested that all patients suitable for TBB 
should have paired titanium clips placed in the tumour cavity after 
tumour resection and before the oncoplastic reconstruction; besides, 
they confirmed a strong need for a close cooperation between onco
plastic surgeons and radiation oncologists, especially for complex cases. 
Several investigators have tested in small series different strategies to 
improve the accuracy in the delineation of tumour cavity after OBCS. 
These approaches included placement of more than three clips, inte
gration of clips position and data from pre- and post-operative computed 
tomography (CT) images [55,56], and a direct involvement of breast 
surgeons in defining the TBB volume [57]. Regarding clinical and 
cosmetic outcomes, retrospective studies reported conflicting data based 
on small cohorts of patients treated with OBCS and RT [58,59]. In 2016, 
a matched-cohort analysis compared the oncological outcomes of 454 
patients who underwent OBCS with a group treated with standard BCS. 

Table 2 (continued ) 

Key-Topic and Key statement Agreement 
(%) 

Consensus 

for a delayed autologous tissue 
reconstruction in the irradiated patient 
remains uncertain. 

Abbreviations. RT, radiation therapy; IBBR, implant-based breast reconstruc
tion; PMRT, post mastectomy radiation therapy; pT, pathological tumour stage; 
pN, pathological nodal stage; PST, primary systemic therapy; RNI, regional 
nodal irradiation. 
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Overall and disease-free survival and local control rates were similar in 
both groups, although the 5-year local recurrence rate was slightly 
higher in the oncoplastic cohort and aesthetic results were not assessed 
[7]. 

In the setting of PBI even less evidence about the use of oncoplastic 
techniques and their impact on treatment safety and efficacy exists. A 
retrospective analysis of a pooled multicentric cohort explored the 
feasibility of PBI using interstitial brachytherapy after OBCS in 134 
patients with low-risk breast cancer [60]. Target volume definition was 
performed integrating surgical-free margin data, clips positions, pre- 
and postoperative imaging and clinical palpation. After a median follow 
up of 39 months, the authors reported acceptable clinical outcomes and 
toxicity. Finally, intraoperative electrons RT (IOeRT) has been proposed 
as an alternative treatment strategy to deliver boost dose directly into 
the tumour cavity prior to tissue rearrangement. Nevertheless, there are 
limited data on the association of IOeRT and OBCS and this approach 
should be considered with appropriate caution [61]. As adoption of 
OBCS in the clinical practice is rapidly increased, tailored approaches 
considering both surgical techniques and RT planning workflows are 
required. Preoperative multidisciplinary discussion should be encour
aged to allow for a careful synergy among all the involved actors. Un
doubtedly, further prospective studies with longer follow-up will help in 
drawing definitive conclusions. 

Indications for postmastectomy radiation therapy (statements 14–20) 

Consensus statements 14–20 on indications for PMRT are sum
marized in Table 2. 

PMRT is considered the standard of care for patients with locally 
advanced breast cancer (including inflammatory breast cancer), as well 
as for most of patients with involved lymph nodes (ypN + ) after primary 
systemic therapy (PST). The indication and the extent of postoperative 
RT after upfront mastectomy in breast cancer heavily relies on the 
pathologic tumour and nodal stage as well as additional prognostic 
factors (i.e., tumour grade, lymph vascular invasion, age, extracapsular 
nodal involvement, margins, HER2 status, hormonal receptor [HR] 
status, tumour grade). International guidelines unanimously support the 
use of regional nodal irradiation (RNI) and PMRT in patients with four or 
more involved lymph nodes after primary surgery [62]. Moreover, after 
the publication of the 2014 Early Breast Cancer Trialists’ Collaborative 
Group (EBCTCG) meta-analysis [6], and two randomized controlled 
trials on RNI, including the internal mammary lymph nodes (IMN) in 
patients with limited nodal spread or node-negative breast cancer with 
high-risk features [63,64], there has been considerable evidences sup
porting locoregional RT also for a significant proportion of patients with 
1 to 3 pathological lymph nodes [62,65–67]. 

Several studies have consolidated the prognostic value of a patho
logical complete response (pCR) after PST in the breast and regional 
lymph nodes [68]. There is a clear lack of data regarding the role of 
postoperative RT in the context of PST and the quality of evidence is 
overall poor. Main recommendations were based on retrospective 
studies and on the clinical tumour and nodal stage at diagnosis, 
regardless of treatment response. Due to the established prognostic 
significance of pCR, several authors have argued that this element 
should be used as a marker to select patients for de-escalation of post
operative locoregional RT, particularly RNI and PMRT [69]. Conversely, 
ypN + patients have been shown to have an increased risk of locore
gional recurrence and might benefit from an intensification of locore
gional treatment even in early-stage breast cancer [70]. Several reports 
have not demonstrated an advantage of PMRT in patients with clinical 
stage II disease [71]. The ongoing prospective randomized controlled 
trial SUPREMO (Selective Use of Postoperative Radiotherapy AftEr 
MastectOmy), whose results will be released in 2023, will specifically 
shed light on this field [72]. Patients with clinical stage III disease (i.e., 
cT3N1, cT4N0-1, cT1-4 N2, cT1-4 N3) had a significant benefit from 
PMRT even in the setting of a pCR [73]. Yet, it remains unclear whether 

it is safe to omit PMRT in patients with cT1-3 N1 breast cancer who 
achieve ypN0 or pCR after NACT, since the EBCTCG meta-analysis sug
gested a survival improvement regardless of the number of involved 
lymph nodes and administration of systemic therapy [6]. 

The future steps will necessarily go through a genomic, tran
scriptomic, and/or proteomic-based characterization of the tumour, as 
highlighted by Tramm et al. [74] and by the translational sub-study of 
the SUPREMO trial [72], the TRANS-SUPREMO. RNI might be consid
ered in patients with clinically involved lymph nodes regardless of the 
response to PST, especially in the context of further risk factors (i.e., 
younger age, HR-negative status, lymph vascular invasion presence, 
residual tumour in the breast). Furthermore, RNI should be considered 
in most of ypN + patients, due to the substantial increased risk of 
regional recurrence [70], especially in case of 4 or more positive residual 
lymph nodes. 

Concerning fractionation, a minority of patients (<15%) enrolled in 
START trials using moderate hypofractionation received RNI [75]. 
However, Wang and colleagues reported the results of a single-centre 
trial of PMRT on 810 women with primary T3-4 tumours or at least 4 
positive axillary nodes randomized to 43.5 Gy in 15 fractions or 50 Gy in 
25 fractions to the chest wall and level 3–4 axillary nodal regions [76]. 
At around 5 years of median follow-up, the risk of locoregional recur
rence was similar between treatment arms and no significant increase in 
late effects were observed. Data support chest wall and/or RNI with 
commonly used moderate hypofractionation schedules. Although no 
patients receiving breast reconstruction were included in pivotal hypo
fractionation trials, due to the observation of similar or less late normal 
tissue effects hypofractionation would be unlikely to result in any worse 
outcomes following breast reconstruction. Several ongoing studies are 
evaluating hypofractionation in patients receiving immediate or delayed 
reconstruction (i.e., NCT03414970, NCT03422003). 

Techniques and timing of breast reconstruction and radiation therapy 
(statements 21–26) 

Consensus statements 21–26 on techniques and timing of breast 
reconstruction and RT are summarized in Table 2. 

The best technique for breast reconstruction and timing in patients 
requiring postoperative RT has yet to be established [77]. The choice 
should be individualized for each patient and take into account multiple 
factors: patient’s expectations, a careful evaluation of each technique’s 
pros and cons, and an accurate assessment of patient’s baseline risk 
factors, such as body mass index (BMI), smoking habit, and chemo
therapy indication [78,79]. The timing of breast reconstruction should 
not affect oncological outcomes by delaying postoperative therapies. 
This is why we should make any possible effort to find out what is the 
best timing and type of breast reconstruction in the context of PMRT. 
Irradiation has an impact on the outcome of reconstruction, regardless 
of whether it is immediate or delayed. It is common for surgeons to 
consider PMRT as a relative contraindication to immediate breast 
reconstruction due to associated higher complication rates. Under these 
circumstances, simple mastectomy preceding a delayed definitive 
autologous tissue-based reconstruction is recommended by some sur
geons, especially when requirements for PMRT are confirmed before 
mastectomy. This statement is currently endorsed by the National 
Comprehensive Cancer Network (NCCN) Guidelines (Version 4.2020), 
when autologous tissue reconstruction is planned. Some other surgeons 
prefer to pursue an immediate reconstructive approach also when the 
need of PMRT is confirmed before mastectomy [80]. 

When choosing for an immediate approach there are conflicting 
evidence whether an autologous tissue-based approach would be pref
erable instead of using implants. Few studies that have directly 
compared autologous reconstruction versus implant reconstruction in 
patients who needed PMRT are summarized in Table 3 [78,79,81–84]. 
The prospective longitudinal cohort Mastectomy Reconstruction Out
comes Consortium (MROC) study showed significantly fewer surgical 
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complications and improved patient-reported QoL outcomes after im
mediate autologous breast reconstruction compared with implant-based 
immediate breast reconstruction and PMRT at 1-year after mastectomy 
[85]. Anyway, few studies have historically reported a higher incidence 
of fat necrosis and flap contracture in women undergoing immediate 
versus delayed autologous reconstruction, with PMRT significantly 
increasing surgical morbidity [86–88]. When opting for an immediate 
IBBR approach, there is conflicting evidence available in literature on 
whether it is preferable to irradiate an expander versus a permanent 
implant [89–97]. Recent data from the MROC longitudinal cohort study 
showed no differences in either clinical or cosmetic outcomes for irra
diation of an expander compared with a permanent implant [98]. When 
opting for irradiating the expander, there are conflicting opinions on the 
irradiation of a completely inflated TE or if deflation is required before 
RT. Increasingly, surgical options in women requiring PMRT are im
mediate mesh-assisted IBBR (including either one- or two-stage pro
cedures, various anatomical locations of implants, either subpectoral or 
prepectoral, and biological or synthetic meshes). Currently, these 
various options are unsubstantiated by high-quality clinical evidence 
[99,100]. Two recent meta-analyses reported twofold to threefold higher 
risks of surgical complications in women undergoing ADM-implant 
breast reconstruction combined with RT [101,102]. 

There is a paucity of evidence on the impact of PMRT on prepectoral 
ADM-implant reconstruction, with evidence to date comprising small 
retrospective case series with short-term follow-up [103,104]. There are 
limited studies comparing clinical outcomes after immediate breast 
reconstruction using one-stage DTI or two-stage prepectoral ADM pro
cedures with or without PMRT [105,106]. There are provisional data 
suggesting potential tolerability of immediate prepectoral ADM-implant 
breast reconstruction without excessive risks of complications in the 
short term. A retrospective series of 54 patients found comparable 
complication rates at 19 months after two-stage prepectoral ADM- 
implant reconstruction comprising 45 irradiated and 36 non-irradiated 
breasts [104]. Sigalove and colleagues [103], reported a case series of 
33 patients (52 reconstructions) over 25 months, with similar conclu
sions. The US practice of two-stage mesh-assisted implant breast 
reconstruction differs significantly from that in Europe, where most 
mesh-assisted implant reconstructions are single-stage procedures and 
utilize either biological or synthetic meshes [101,102]. 

Support for use of polyurethane implants for breast reconstruction in 
the setting of RT is currently based on level IV evidence [107,108]. The 
role of fat grafting as an adjunct in breast reconstruction in either pre
viously irradiated patients or those having PMRT, remains debated and 

is based on case series showing favourable outcomes using fat grafting 
before to the second stage of an IBBR [109–112]. 

For patients whose nodal status is unknown before surgery, and 
when the need for PMRT cannot be anticipated, a delayed-immediate 
reconstruction is favoured by some surgeons. Kronowitz and col
leagues [113], described this technique using a TE either subpectoral or 
prepectoral as a temporary skin-spacer preserving the mastectomy skin 
envelope before a definitive delayed reconstruction. After pathology 
review, patients not requiring RT undergo breast reconstruction (either 
a permanent implant or autologous tissue flap), whereas those who 
require PMRT complete adjuvant treatment with the expander-implant 
deflated on the chest wall, thereby facilitating RT planning and de
livery. After RT, the expander is replaced with a definitive implant or 
converted to an autologous flap reconstruction. 

The use of autologous tissue is the standard of care for delayed breast 
reconstruction in the irradiated patient. The optimal timing for a 
delayed autologous tissue-based reconstruction in the setting of RT re
mains uncertain and is supported only by level IV clinical evidence. 
Studies are conflicting in terms of reduction in rates of free abdominal 
flap loss when breast reconstruction is performed at 12 months or more 
after PMRT, compared with earlier interventions [114,115]. Main 
published series reporting on comparison between patients receiving an 
immediate or delayed breast reconstruction and RT are reported in 
Table 4 [78,79,83,116–124]. 

Discussion 

The timing of breast reconstruction as the best reconstructive tech
nique remain debated in the setting of PMRT. An immediate approach 
counts several advantages in terms of women’ health related quality of 
life and cost-effective considerations. However, it may also affect the 
planning and delivery of PMRT (77), increasing the complexity of RT 
planning, especially when internal mammary nodes need to be included 
within target volumes and a prepectoral technique is used. On the other 
hand, delayed reconstruction after PMRT is often associated with major 
risks of revision and poor cosmetic outcomes due to tissue fibrosis. 

Autologous tissue-based techniques compared to implant-based 
techniques would be preferable in the setting of PMRT, both if plan
ned immediately after the mastectomy or in a delayed fashion [83]. 
Anyway, a total autologous-based scenario would difficultly be feasible, 
as for patients’ expectations (complex procedures, long scars on the 
donor site) and characteristics (absence of adequate flap donor areas, 
previous surgeries) and for technical and logistic reasons, due to long 

Table 3 
Main studies investigating reconstruction failure and postoperative complication rates stratified by reconstructive surgical approach.  

Study Endpoint Study type Patients, n Observation report 
time, months 

Type of 
reconstruction, 
% 

Reconstruction 
failure

◦

, % 
Overall 
complication 
rate*, % 

Tanos G, et al. 
2016 [81] 

Reconstruction outcomes; 
AR vs TE/I 

Retrospective 114 27.6 TE/I 33.3 TE/I 37.0 TE/I 42.0 
AR 43.8 AR 0 AR 32.0 

Chetta MD, et al. 
2017 [82] 

Reconstruction 
complications; AR vs TE/I 

Retrospective 4781 14.4 TE/I 80.0 TE/I 29.4 TE/I 5.0 
AR 20.0 AR 4.3 AR 7.0 

Jagsi R, et al. 
2018 [83] 

Reconstruction outcomes Prospective Cohort 2247 (482 
PMRT) 

24.0 TE/I 58.7 TE/I 18.7 TE/I 33.2 
AR 41.3 AR 1.0 AR 17.6 

Manyam BV, 
et al. 2019  
[79] 

Reconstruction 
complications 

Retrospective 204 96.0 TE/I 37.7 TE/I 20.2 TE/I 41.5 
AR 62.3 AR 4.4 AR 23.6 

Reinders FCJ, 
et al. 2020  
[84] 

Reconstruction failure; 
Patient satisfaction 

Prospective; Cross- 
sectional; Retrospective 

112 19.2 TE/I 73.0 TE/I 21.3 TE/I 8.9 
AR 27.0 AR 0 AR 17.2 

Naoum GE, et al. 
2020 [78] 

Reconstruction 
complications 

Retrospective 1286 (529 
PMRT) 

69.6 DTI 32.3 DTI 18.1 DTI 18.1 
TE/I (2 
stage) 

44.6 TE/I 38.7 TE/I 38.7 

AR 23.0 NR NR NR NR 

◦Reconstruction failure rate in patients receiving PMRT. 
*Overall complication rate requiring reoperation. 
Abbreviations. TE, tissue expander; TE/I, tissue expander/implant; AR, autologous reconstruction; PMRT, postmastectomy radiation therapy. 
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duration of operations and the consequent impact on operative room 
schedules waiting lists. This is why immediate implant-based techniques 
remain the most frequently reconstructive option offered to women 
undergoing PMRT. In the setting of IBBR the use of a two-stage or a one- 
stage approach is still debated, as no definitive evidence is available 
about the outcomes of radiating the expander or the permanent implant, 
as well as the potential positive impact of a prepectoral approach. 

Despite the lower level of evidence supporting the use of OBCS, these 
techniques are broadly accepted and used worldwide for the treatment 
of several breast cancer patients. Much more literature is available for 
PMRT and breast reconstruction combination, and few unanswered 
questions remain about RT planning after OBCS. The tumour bed is often 
quite more challenging to identify, and also it may no longer exist, being 
transferred to different quadrants part of the volume displacement flaps. 
The most evident approaches to circumvent the challenge of combining 
OBCS with RT might be deliver RT pre-operatively in low-risk patients as 
PBI or as TBB in high-risk patients, omit TBB in low-risk patients, and do 
not perform conformal (especially using twice-daily schedules) PBI. 

Target volume definition and delineation in the presence of imme
diate breast reconstruction should be tailored to avoid the implant. This 
is now technically possible, crucial and doable thanks to special tech
niques to deliver PMRT, such as IMRT and VMAT. Although the evi
dence is still low, existing data deriving from published pivotal trials 
support PMRT (chest wall and/or RNI) with commonly used moderate 
hypofractionation schedules. Although contemporary RNI has a low risk 
of toxicity, careful RT planning according to ESTRO guidelines for 
delineation is highly recommended [125]. We are aware that a main 
study limitation is the one-country exercise nature of the consensus, 
since in this field routine practice differences between countries 
(sometimes even within single centres) exist. 

In conclusion, a clear communication and cooperation between 

surgeon and radiation oncologist is of paramount relevance both in the 
setting of breast reconstruction following mastectomy when PMRT is 
planned and when extensive glandular rearrangements as OBCS tech
niques is performed. The choice of reconstructive approach must be 
individualized with a patient-specific approach. A shared-decision 
making, relying on outcome-based and patient-centred considerations, 
is essential, while waiting for higher level-of-evidence data. 
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Table 4 
Main studies investigating reconstruction failure and postoperative complications rates stratified by timing of reconstructive surgical approach.  

Study Endpoint Study type Patients, n Observation 
report time, 
months 

Type of 
reconstruction, n 

Reconstruction 
failure rate

◦

, % 
Overall complication 
rate*, % 

Ng CE, et al. 
2015 [116] 

Toxicities; Aesthetic 
outcomes; IBR vs DBR 

Retrospective 64 60 Immediate 25 Immediate NR Immediate 40.6 
Delayed 39 Delayed NR Delayed 23.7 

Steele KH, et al. 
2017 [117] 

Toxicities; Aesthetic 
outcomes; IBR vs DBR 

Retrospective 412 58 Immediate 104 Immediate 1.9 Immediate 15.4 
Delayed 119 Delayed 0 Delayed 1.6 

Ogita M, et al. 
2018 [118] 

Toxicities; Aesthetic 
outcomes; IBR vs DBR 

Retrospective 81 32 Immediate 49 Immediate 4.0 Immediate 42.8 
Delayed 32 Delayed 6.2 Delayed 65.6 

Altinok AY, 
et al. 2018  
[119] 

Reconstruction failure; 
IBR vs DBR 

Retrospective 46 16 Immediate 16 Immediate 40 Immediate NR 
Delayed 30 Delayed 22 Delayed NR 

Sigalove S, et al. 
2019 [120] 

Toxicities; Aesthetic 
outcomes; IBR vs DBR 

Retrospective 52 25 Immediate 19 Immediate 10.0 Immediate 15.7 
Delayed 33 Delayed 6.0 Delayed 9.0 

Jagsi R, et al, 
2018 [83] 

Reconstruction outcomes; 
IBR vs DBR 

Prospective 2247 (622 
PMRT) 

12 Immediate 516 Immediate 18.7 Immediate 38.9 
Delayed 106 Delayed 1.0 Delayed 25.6 

Lin AM, et al. 
2019 [121] 

Reconstruction outcomes; 
IBR vs DBR 

Retrospective 265 37.9 Immediate 149 Immediate 18.7 Immediate 12.7 
Delayed 116 Delayed 6.0 Delayed 11.2 

Manyam BV, 
et al. 2019  
[79] 

Reconstruction failure; 
IBR vs DBR 

Retrospective 204 96 Immediate 159 Immediate 30.0 Immediate 13.2 
Delayed 45 Delayed 18.3 Delayed 14.3 

Reverberi C, 
et al. 2020  
[122] 

Reconstruction outcomes 
; IBR vs DBR 

Retrospective 91 59 Immediate 66 Immediate 19.6 ImmediateDelayed 7.6 
Delayed 25 Delayed 1.2 Delayed 1.6 

Dicuonzo S, 
et al. 2020  
[123] 

Reconstruction outcomes 
and failure; IBR vs DBR 

Prospective 138 116 Immediate 75 Immediate 17.3 Immediate 16.0 
Delayed 63 Delayed 19.0 Delayed 20.6 

Naoum GE, 
et al. 2020  
[78] 

Reconstruction failure; 
IBR vs DBR 

Retrospective 1286 (529 
PMRT) 

60 Immediate 171 Immediate 12.8 Immediate 8.1 
Delayed 358 Delayed 6.1 Delayed 3.9 

Dewael S, et al. 
2019 [124] 

Reconstruction; 
Outcomes and failure; IBR 
vs DBR 

Retrospective 60 90 Immediate 20 Immediate 32.0 Immediate 12.8 
Delayed 40 Delayed 30.0 Delayed 6.2 

◦

Reconstruction failure rate in patients receiving PMRT. 
*Overall complication rate requiring reoperation. 
Abbreviations. IBR, immediate breast reconstruction; DBR, delayed breast reconstruction; PMRT, postmastectomy radiation therapy; NR, not reported. 
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