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�The role of radiotherapy in the postmastectomy setting with substantial lymph node burden or locally advanced disease 
has been well described. In the last decade, the indications for postmastectomy radiotherapy (PMRT) have expanded in 
light of a measurable disease-free survival benefit, even in T1–2N1-patient subgroup. Concurrently, immediate breast 
reconstruction (IBR) rates after mastectomy are rapidly increasing. Optimal integration of IBR and PMRT is challenging, 
as PMRT has a known deleterious effect on reconstruction outcomes and IBR has been reported to pose challenges to 
PMRT delivery. Implant-based reconstruction is the most common type of IBR performed nowadays. This article reviews 
the current problems regarding integration of the implant-based IBR with optimum radiation delivery and discusses the 
advantages and disadvantages of each reconstruction method with PMRT.
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Introduction
Immediate breast reconstruction (IBR) rates have continued 
to increase over time, concurrently with expanded indications 
for postmastectomy radiation therapy (PMRT) resulting from 
evidence that PMRT reduces recurrences and breast cancer 
mortality not only in patients with substantial lymph node 
burden or locally advanced disease, but also in pT1–2N1-
-patient subgroup [1, 2]. Although surgeons used to anti-
cipate receipt of PMRT to guide decision-making regarding 
recommendations for IBR, nowadays a tendency for women 
with more advanced tumors to be less likely offered IBR due 
to their overall poorer prognosis and very high likelihood of 
receiving PMRT is gradually decreasing [3]. Optimal integra-
tion of IBR and PMRT is challenging, as PMRT has a known 
deleterious effect on reconstruction outcomes [4–6] and IBR 
has been reported to pose challenges to PMRT delivery [7]. 
The implant-based IBR (IB-IBR) is usually preferable in the 
majority of patients with breast cancer facing PMRT due to 

its preservation of autologous tissue for salvage and often 
acceptable outcomes, whereas most guidelines do not ro-
utinely recommend autologous reconstruction in patients 
who will definitely need PMRT [8, 9]. In current practice, 
reconstruction with tissue expander (TE) followed by PMRT 
and subsequent permanent reconstruction with prosthesis 
is prevalent [10].

The aim of this article is to review the current problems 
regarding integration of IB-IBR with optimum radiation delivery 
and to discuss the advantages and disadvantages of each 
reconstruction method with PMRT. Several questions will be 
addressed, such as oncological safety, cosmetic outcomes, and 
some technical radiotherapy issues, like target volume defini-
tions depending on the reconstruction methods and disease 
stage, a problem of administering a boost and of using bolus 
material, the volume of fluid within the TE – i.e. deflation or 
inflation before PMRT, and the impact of an internal magnetic 
metallic port within TE on radiotherapy dose distribution.
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retropectoral TE/implants and prepectoral implants with ADM. 
This may cause additional delays in PMRT as well as unplanned 
treatment breaks resulting from the need for re-planning of 
these patients whose initial target positioning cannot be repro-
duced during PMRT (Fig. 1). Such delays may have a negative 
impact on the oncological outcomes, as prolongation of the 
overall treatment time was confirmed as a cause of treatment 
failure in early breast cancer patients [16].

In conclusion, IB-IBR followed by PMRT seems safe for early 
stage patients (pT1–2N1), for whom the minor under-dosage 
of the CTV may be acceptable. However, caution should be 
paid when offering IB-IBR to the patients with locally advanced 
breast cancer, because data on the oncological safety are scar-
ce, and there is virtually no data on patients with pT4-disease 
treated with IB-IBR followed by PMRT. 

Cosmetic outcomes 
Surgical techniques for IB-IBR continue to develop with the 
aim of improving cosmetic outcomes. However, in patients 
undergoing PMRT, adverse events must be considered, inclu-
ding the risk of reconstruction failure or major complications, 
such as capsular contracture or implant exposure [17, 18]. 

Reconstruction failure rates, being consistently reported at 
the level of about 20%, are clinically significant when conside-
ring IB-IBR in the setting of PMRT [4, 18]. Capsular contracture is 
a well-recognized complication of IB-IBR, which can occur in the 
absence of PMRT, because all breast implants become surrounded 
by scar tissue or fibrosis, and in some cases, excessive fibrosis re-

PMRT in patients after IB-IBR – is oncological 
safety compromised?
IBR improves quality of life and self-perceived body image 
[11]. However, a concern remains that the procedure may 
have an impact on disease control, resulting from the risk of 
delaying PMRT due to surgical complications and from the 
influence of IBR on the optimization of PMRT, compromising 
dose coverage of the clinical target volume (CTV), i.e. of the 
volume of tissues that contains subclinical malignant disease 
at a certain probability level, and thus has to be treated ade-
quately. There are no data from prospective randomized trials 
on the oncological safety of IBR followed by PMRT. Two meta-
-analyses have reported that local recurrence rates [12], overall 
survival and disease-free survival [13] did not differ between 
patients with or without IBR. However, not more than 30% of 
the patients included in these meta-analyses were treated with 
PMRT, detailed data about RT were missing in several included 
studies, most of the patients included had the early stage of 
disease (clinical stage I–II) and patients with IB-IBR constituted 
the minority of patients in these meta-analyses.

Results of a matched control study where the population 
consisted of 128 IB-IBR patients (all with retropectoral implants, 
one third irradiated with TE) and 252 controls without IBR, 
aiming to evaluate the CTV dose coverage and to investigate 
the safety of IB-IBR in terms of recurrence and survival com-
pared to patients without an implant, showed that PMRT 
after IB-IBR lead to minor under-dosage of the CTV. However, 
recurrence and survival rates were equally distributed among 
patients with IB-IBR and controls, indicating that the overall 
treatment protocol is safe [14]. Again, patients with locally 
advanced breast cancer (LABC), i.e. pT3 disease, constituted 
less than 10% of the whole cohort, and patients who received 
neoadjuvant chemotherapy constituted only 24.2% of the 
IB-IBR group. 

In a population-based propensity score matched analysis 
comparing the survival outcomes in LABC patients (pT1–4N2–
3M0) receiving PMRT with and without IBR, that included 1732 
patients from the Surveillance, Epidemiology, and End Results 
(SEER) database, there was comparable breast cance r specific 
survival and overall survival between patients who received IBR 
or mastectomy alone followed by PMRT. In this study, 36.8% of 
patients received autologous IBR, 36.3% received IB-IBR, and 
26.8% had reconstruction that was not otherwise specified 
or combined with tissue and implant reconstruction. pT1–T2 
patients constituted 70% of the matched cohort [15]. 

With the increasing rates of prepectoral reconstructions 
being performed, often without the use of acellular dermal 
matrix (ADM) due to reimbursement policy in Poland, the 
problem emerged regarding the positional uncertainty of 
the target during PMRT, which is much higher in case of pre-
pectoral TEs without ADM, due to higher range of both their 
inter- and intrafraction motion. It seems that anatomical po-
sition of prepectoral TEs without ADM is far less stable than 

Figure 1. Anatomical position of prepectoral tissue expanders without 
acellular dermal matrix is not stable. Initial target positioning may be 
unreproducible, which results with additional delays or unplanned 
breaks in post-mastectomy radiation therapy due to the need for re-
planning. Localization computed tomography image (pink) fused with 
the reference image (green). Clinical target volume – blue; magnetic 
metallic port – red and orange. The lack of reproducibility is clearly seen
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sults in a shrinkage of the scar tissue (“capsular contracture”) and 
noticeable distortion of the reconstructed or augmented breast. 
PMRT increases the frequency and worsens the degree of capsular 
contracture, as tissue fibrosis is a well known late normal tissue 
effect of radiotherapy [19]. Severe capsular contracture, where 
revisional surgery in the form of capsulotomy or capsulectomy 
with implant exchange is usually required, is reported at the level 
of more than 30% after IB-IBR and PMRT [4, 19]. Another major 
complications, i.e. requiring revisional surgery, are reported in 
one-third of patients after IB-IBR and PMRT [4]. 

Irradiated patients have an inferior cosmetic outcomes of 
IB-IBR: good or excellent cosmetic result attainable in about 
90% of patients with IB-IBR alone, decreases to 57% after PMRT 
[20]. In two-stage prosthetic reconstruction, any sequence of 
PMRT (i.e. radiation to the TE, or to the permanent implant) 
negatively impacts the final aesthetic outcome and long-term 
implant survival. In this setting, the risk of reconstructive failure 
is significantly higher for patients with PMRT to the TE compared 
to patients with PMRT to permanent implant (six-year predicted 
failure rates of 32% vs. 16.4%, p < 0.01), but the final aesthetic 
results and capsular contracture rates are slightly better [21]. 

The impact of PMRT on the cosmetic outcomes after 
prepectoral versus retropectoral IB-IBR has not been clearly 
defined to date. With the increasing rates of prepectoral re-
constructions being performed, it is important to assess the 
outcomes in the setting of PMRT, to ensure that morbidity rates 
are not higher, as these patients undergo PMRT without the 
presence of vascularized muscle over the implants [22]. There 
is a growing body of evidence from retrospective data to sug-
gest that prepectoral reconstruction is an effective technique 
in the setting of PMRT, with morbidity rates similar or even 
better than those experienced with complete submuscular 
or dual-plane (partial submuscular) coverage techniques with 
PMRT [22, 23]. However, the use of ADM seems crucial for these 
patients, because it is believed that ADM may protect against 
capsular contracture after IB-IBR in the non-irradiated and 
PMRT settings, and the risk of extensive soft-tissue damage 
and expander exposure is greater in patients with prepectoral 
reconstruction without ADM [23, 24].

In summary, patients should be appropriately counseled 
about all the aforementioned risks and consequences of poten-
tial complications so they could make fully informed decisions.

Target volume definitions with respect to the 
reconstruction methods and disease stage
Most of the local recurrences after mastectomy occur at the 
level of the skin and subcutaneous tissue (about 75%) and 
within the pectoral muscle, especially near the primary tumour 
site (about 25%) [25]. Thus, European Society for Radiotherapy 
and Oncology (ESTRO) consensus guidelines for target volume 
delineation in the setting of PMRT recommend that in case of 
retro-pectoral implants the CTV of the chest wall should be 
positioned ventral (anterior) to the major pectoral muscle [26]. 

In case of the retro-pectoral implants with partial coverage by 
the pectoral muscle and supportive material in the lower part, 
for patients with adverse factors or with the tumour localised 
close to the dorsal fascia, the ESTRO guidelines [26] recommend 
to include in the CTV the part of the chest wall that was initially 
not covered by the major pectoral muscle, taking into account 
the muscle's pre-surgical position (which preferably should be 
marked with surgical clips). After IBR using a prepectoral implant, 
the CTV is composed of 2 parts: the ventral part between the 
skin and the implant, containing the subcutaneous lymphatic 
plexus and eventual residual glandular tissue and the dorsal part 
between the implant and the pectoral muscle or the chest wall, 
containing eventual residual glandular tissue. This second part 
should be included in case of the presence of adverse tumour 
factors. In case of rib cage invasion, the ribs/intercostal muscles 
should also be included in the CTV, irrespectively of the recon-
struction technique, however the guidelines emphasize that IBR 
is generally not advised in these patients. For selected patients 
with LABC considered for IBR, the CTV should be based on the 
discussion in a multidisciplinary team conference and carefully 
individually adapted per case, according to the high-risk areas for 
remaining subclinical tumour deposits. In case of ambiguities, it’s 
recommended to include the entire mastectomy site including 
the implant [26]. Such a design of the CTV often results with less 
optimal dose distribution, and the risk for higher doses in normal 
tissues. The transplanted tissues (skin, fat, muscle) and synthetic 
materials (implant, TE, ADM) are not part of the CTV [26].

Boost dose and the use of bolus
According to the ESTRO guidelines [26], the use of a “tu- 
mour-bed” boost (i.e. additional radiotherapy dose) is not re-
commended, unless the surgeon has placed clips to mark 
anticipated and subsequently confirmed involved resection 
margins that cannot be removed surgically.

Bolus, i.e. the tissue equivalent material, is used in radiothera-
py to provide build-up of dose to the skin surface. The main indi-
cation for the use of bolus after IB-IBR is skin involvement. As long 
as patients with skin involvement were not offered skin-sparing 
mastectomy, most of the European radiation oncologists did 
not use bolus [7], however nowadays the need for using bolus 
increases and up to two-thirds of radiation oncologists declare 
that they do not use bolus “unless the skin is involved” [10]. This 
may impact the aesthetic outcomes of IB-IBR, as the use of 
bolus was recognized as the only “technical” radiotherapy factor 
negatively influencing cosmetic results [27].

In patients with skin involvement who underwent IB-IBR, 
the use of bolus poses specific challenges, because to be able 
to fulfill its function, bolus material should adhere tightly to the 
skin. This is very often difficult or even impossible to achieve 
on the curved-shaped reconstructed breast (Fig. 2), resulting 
in the underdosage of the skin within the target volume, thus 
possibly influencing local control of the tumour. Offering the 
IB-IBR to the patients with skin involvement puts them at hi-
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gher risk of local relapse that might be avoided if the patient 
underwent mastectomy with breast reconstruction delayed 
after completion of oncological treatment.

Tissue expander – deflated or inflated?
The volume of fluid within the implant affects radiation dose 
distribution and can make radiation treatment planning chal-
lenging [7]. On the other hand – expansion of the TE after 
completion of PMRT is usually not possible due to radiation-
-induced early and late normal tissue effects. Thus, the ap-
proach to the patients for whom IB-IBR and PMRT follows 
the neoadjuvant chemotherapy involves rapid expansion of 
the TE within 6 weeks and start of radiation to the TE within 
8 weeks post-surgery [8]. This usually means the moderate 
volume of fluid within the TE, as pushing the inflation to the 
maximal volume within this short period of time would mean 
very thin and tightened skin and subcutaneous tissues, more 
prone to radiation damage. In particular situations, radiation 
oncologists would ask reconstructive surgeons to adjust the TE 
volume to facilitate PMRT planning or to improve the predicted 
reproducibility of the target positioning, but it should be kept 
in mind that PMRT to the completely deflated TE could make 
it impossible to expand the TE in the future. In patients with 
bilateral IB-IBR with TEs, most of the radiation oncologists will 
request that the TE be deflated in the contralateral unaffected 
breast to minimize radiation dose to this breast [7, 28]. Of note, 
the volume of fluid within the TE (or both TEs in case of bilateral 
IB-IBR) has to remain the same during the whole course of 

PMRT, starting on the day when the computed tomography 
for radiation treatment planning is performed. 

The air-filled expanders (Fig. 3) are not suitable for irradia-
tion, as the thin rim of tissues surrounded with air lies entirely 
within the build-up region (i.e. the layer between the surface 
and the depth of dose maximum; energy deposition increases 
gradually beneath the surface, reaching the equilibrium at 
a finite depth), so the dose distribution would be unacceptable, 
with significant underdosage of the CTV. 

Tissue expander – the impact of an internal 
magnetic metallic port
Frequently used TEs contain the internal metallic ports with 
a strong magnet, through which the fluid is injected. The me-
tallic port magnet is made of high-Z, high-density, rare-earth 
metal which results in artefacts in imaging and perturbation in 
dose distribution around the port when receiving PMRT to TE. 

Dose is attenuated in the “shadow” of the TE port in patients 
receiving PMRT, with an average reduction of 7–13% in dose 
in vivo to skin surface, when compared with that predicted 
by the treatment planning system (TPS) [29–31]. This level of 
attenuation is considered likely to be clinically insignificant for 
most patients, but each centre should undertake its own ap-
propriate measurements before utilizing TPS predictions [29]. 

Another dose perturbation is the increase in dose upstre-
am of the metallic disk caused by backscatter and the dose 
beside the magnet caused by side scatter radiation. Back-
scatter measurements [30] showed that when the port is in 
the parallel orientation, i.e. parallel to the central axis of the 
beam, there is a 4% increase in dose close to the edge of the 
disk compared to the dose without the metallic disk, but this 
difference decreases rapidly farther from the disk edge and at 
distances greater than 3 mm there is no significant effect on 

Figure 2. A bolus is a layer of tissue-equivalent material placed on the 
patient’s skin during treatment that assists in providing the optimal 
dose of radiation. Bolus should adhere tightly to the skin, which is often 
difficult or even impossible on the curved-shaped reconstructed breast, 
resulting in underdosage of the skin within the target volume, thus 
possibly influencing local control of the tumour in patients with skin 
involvement

Figure 3. The air-filled expanders are not suitable for irradiation. The 
dose distribution would be unacceptable in the thin rim of tissues 
surrounded with air, with significant underdosage of the clinical target 
volume which in that case would be located within the build-up region 
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the dose. This port setup is similar to the way the TE might be 
irradiated in a patient with a parallel-opposed pair tangential 
beam arrangement. When the port is perpendicular to the 
central axis of the beam (one of the possible positions of the 
port during an arc-therapy delivery), the increase in dose is 
larger: 11% at the disk edge, but again this decreases sharply 
away from the disk edge so that there is no effect on the dose 
beyond 5 mm. Side scatter measurements [30] showed that 
there is an increase in dose of 2.75% compared to the dose 
without the metallic disk at the edge of the disk, decreasing 
to 0% at 7 mm away from the disk. Thus, the percentage in-
crease in dose due to the scatter radiation is within the range 
acceptable in the treatment planning, and in case of the TE 
with an internal metallic port, the range of these secondary 
electrons scattered back from the implant is no more than 
5 mm and should not result in an increase in dose to breast 
tissue, being absorbed in the silicone elastomer shell and saline 
components of the TE [30].

Conclusion
The complexity of integrating IB-IBR and PMRT underscores the 
need for close communication in multidisciplinary team to best 
prospectively coordinate and deliver patient-centered breast 
cancer care. Decision-making regarding the possibility of IB-
-IBR belongs to the surgeon and is based on the assessment of 
feasibility, the patient’s characteristics and wishes, as well as the 
surgeon’s skill and expertise, however – to offer breast cancer 
patients best outcomes in terms of disease control, toxicity, 
cosmesis and quality of life after reconstruction – surgeons 
and radiation oncologists need to develop “shared views” on 
risks and priorities for the particular patient. Thus, a radiation 
oncologist should always be present at the pre-surgery clinical 
meetings that plan breast reconstructions. Patients must be 
well informed, not only regarding potential benefits of IB-IBR, 
but also on the possibility of an increased risk of complications 
in the PMRT setting.
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