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Abstract: Background: The target volume for post-mastectomy radiation therapy (PMRT) in breast 

cancer patients with reconstruction has been a subject of debate. This study aimed to assess the 

radiation dose distribution and treatment outcomes associated with different chest wall (CW) 

delineation according to ESTRO ACROP guideline for patients underwent implant-based 

reconstruction. Methods: We conducted a retrospective review of breast cancer patients who 

underwent mastectomy followed by two-stage implant-based breast reconstruction and adjuvant 

radiation therapy (RT) between 2007 and 2022. The expanders/implants were positioned 

retropectorally. The chest wall target volumes were categorized into two groups: the prepectoral 

group, which excluded the deep lymphatic plexus, and the whole expander group. Results: The 

study included 26 patients, 15 in prepectoral group and 11 in whole expander group. No significant 

differences were observed in normal organs exposure between the two groups. There was a trend 

toward a lower ipsilateral lung mean dose in the prepectoral group (10.2 vs. 11.1 Gy, p=0.06). Both 

groups exhibited limited instances of reconstruction failure and local recurrence. Conclusions: For 

patients undergoing two-stage expander-implant retropectoral breast reconstruction and PMRT, 

our data have provided comparable outcomes and normal organs exposure for those omitting the 

deep lymphatic plexus. 

Keywords: breast cancer; postmastectomy radiation therapy; implant-based reconstruction;  target 

volume; dosimetry 

 

1. Introduction 

Breast cancer ranks among the most prevalent cancers affecting women worldwide, with an 

estimated 2.3 million new cases (11.7%) and the fifth cancer mortality (6.9%) in 2020 [1]. While breast-

conserving surgery is the primary approach for early-stage breast cancer, mastectomy and breast 

reconstruction have gained prominence as treatment options, particularly for advanced cases or 

cosmetic considerations. The timing of reconstruction had immediate or delayed following 

mastectomy, and it can involve either autologous tissue or expander/implant-based techniques. 

Postmastectomy radiation therapy (PMRT) has significantly reduced locoregional recurrence, overall 

recurrence, and breast cancer-related mortality, particularly in advanced or lymph node (LN) 

involved breast cancer cases. However, radiation therapy (RT) can lead to complications in breast 
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reconstruction patients, such as capsular contracture, implant loss, and fat necrosis, due to radiation-

induced damage to skin and soft tissues, affecting blood flow and fibroblasts [2]. 

The choice between immediate breast reconstruction (IBR) and delayed breast reconstruction 

(DBR) hinges on various factors, including the surgeon's expertise and the need for further oncologic 

treatments like adjuvant radiation therapy (RT). DBR is often favored when PMRT is necessary to 

mitigate associated reconstruction complications. However, a growing trend in the United States is 

to recommend IBR even for patients requiring PMRT. As reported of reconstructive practices in the 

United States [3], a quarter of the surgeons seldom recommend delayed reconstruction, and about 

65% recommending immediate expander/implant reconstructions. Several systemic review and 

prospective cohort studies have shown satisfactory outcomes and similar complication rates with 

DBR [4-7].  

Despite the diversity in surgical procedures, there is a discrepancy in defining the RT target 

volume for patients with implants. In contemporary cancer care emphasizing personalized RT, a 

more consistent and specific RT consensus can enhance oncologic treatment outcomes while 

minimizing side effects. The 2019 ESTRO ACROP consensus addressed this issue for postmastectomy 

implant-based reconstruction RT, offering distinct RT target volume recommendations based on the 

implant's position [8]. Traditionally, the RT chest wall volume encompassed the entire implant. 

However, for patients with retropectoral implants, only the subcutaneous lymphatic plexus ventral 

to the implant is considered the high-risk region and should be irradiated. The dorsal part of the 

implant is no longer considered high risk and can be omitted from the target volume. Consequently, 

the RT volume comprises only the tissue rim ventral to the pectoralis muscle and the implant, forming 

a curved shape and reducing the irradiated implant volume. This approach differs significantly from 

the chest wall volume used for patients with a prepectoral implant, which includes both the ventral 

and dorsal parts of the implant in the RT volume, essentially irradiating almost the entire implant. 

The hypothesis that reducing the irradiated chest wall/implant volume could result in less exposure 

of normal organs or the influence on reconstruction failure rates requires verification. 

In our institution, we adopt a two-stage expander-implant breast reconstruction procedure with 

retropectoral implant insertion for patients requiring subsequent RT. This study retrospectively 

reviews the clinical outcomes, reconstruction complications, and RT planning of breast cancer 

patients who underwent postmastectomy reconstruction and adjuvant RT. We aim to explore the 

implications of distinct RT target volume delineation according to the ESTRO ACROP consensus. 

2. Materials and Methods 

2.1. Patient Population 

We conducted a retrospective review of breast cancer patients who underwent mastectomy with 

reconstruction at Far Eastern Memorial Hospital (FEMH) in Taiwan between 2007 and 2022. 

Immediate implant-based reconstruction following mastectomy was performed for patients not 

requiring adjuvant RT. For patients indicated for adjuvant RT, a two-stage expander-implant-based 

breast reconstruction approach was adopted. This involved initial mastectomy surgery with 

temporary expander implantation, followed by partial inflation with saline during the RT course. 

Permanent implant reconstruction was subsequently performed at least six months after completing 

RT. Retropectoral implant placement was used for patients needing PMRT. Indications for adjuvant 

RT included pathological LN involvement, clinical LN involvement before neoadjuvant therapy, or 

positive margins. This study received approval from the Human Experimentation Committee of 

FEMH (FEMH-111179E). 

2.2. RT Treatment Plan 

 Radiation volumes comprised the clinical tumor volume (CTV), encompassing the chest wall 

(CW), with or without regional nodal irradiation (RNI) of supraclavicular and infraclavicular regions, 

any portion of the at-risk axillary bed, or optional internal mammary nodes (IMN). Patients were 

divided into two groups based on their RT chest wall target volume. The prepectoral group included 
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the CW covering the area between the skin and pectoral muscle, omitting the expander and deep 

lymphatic plexus. The whole expander group included the entire expander and deep lymphatic 

plexus in the CW. The planning target volume (PTV) was defined as the CTV plus a 5–8 mm margin 

for setup error. RT prescription doses was conventional schedules of 45–50.4 Gy in 25–28 fractions or 

hypofractionated doses of 40–42.5 Gy in 15–16 fractions with daily fractions. An additional boost dose 

was permitted for the surgical scar or gross lesions. RT techniques included hybrid RT, intensity-

modulated RT (IMRT), or modern arc techniques with either volumetric modulated arc therapy 

(VMAT) or helical tomotherapy (HT). 

2.3. Reconstruction Complication 

We recorded reconstruction complications, including capsular contracture, implant failure, 

fat/muscle necrosis, infection, and wound dehiscence.  

2.4. Statistical Analysis 

Patient characteristics, treatment factors, and dosimetry parameters were analyzed and 

compared between the two groups using the Mann–Whitney U test for continuous variables given 

the smaller sample size, and Chi-square test for categorical variables. If the limited patient numbers 

didn’t meet the Chi-square test criteria, then Fisher’s Exact Test was used for categorical variables 
comparison. Results were considered statistically significant when the p-value was less than 0.05. 

Statistical analysis was performed using SPSS software version 28.0 (SPSS Inc., Chicago, IL, USA). 

3. Results 

3.1. Demographics 

Between January 2007 and December 2022, 157 breast cancer patients underwent radical, 

modified radical, or total (simple) mastectomy with expander-implant-based breast reconstruction. 

After excluding those who did not receive adjuvant RT or had their prostheses removed before RT 

delivery, 26 eligible patients with breast cancer were enrolled. All expanders were retropectorally 

positioned. Among these patients, 15 had RT chest wall target volumes covering the area between 

the skin and pectoral muscle (prepectoral group), excluding the expander. The other 11 patients had 

their chest wall target volumes include the entire expander (whole expander group). The patient 

enrollment process is shown in Figure 1. No significant differences were observed in terms of age, 

smoking history, histology, tumor grade, cancer stage, biomarkers, or systemic therapy usage 

between the two groups. Detailed patient characteristics are presented in Table 1. The difference in 

chest wall delineation is shown in Figure 2. 

 

Figure 1. Patient Enrollment. Abbreviations: RT—radiation therapy. 
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Table 1. Patient characteristics. 

Characteristics Prepectoral (n = 15) Whole Expander (n = 11) p-Value 

Age  

(SD) (range) 
50 (7.6) (32-58) 50 (11.6) (27-65) 

0.61 

Rt side 9 6 0.78 

Lt side 6 5  

Pathology    

IDC 15 10 0.42 

ILC 0 1  

Grade   0.95 

Gr1+2 7 (1+6) 5 (1+4)  

Gr3 8 6  

Stage   0.11 

Stage 1+2 5 (0+5) 8 (1+7)  

Stage 3+4 10 (9+1) 3 (3+0)  

pTis+T1+T2 13 (0+2+11) 10 (1+2+7) 1 

pT3+T4 2 (2+0) 1 (1+0)  

pN0+1 6 (1+5) 8 (2+6) 0.13 

pN2+3 9 (6+3) 3 (3+0)  

Clinical or pathological M1 1 0 1 

ER positive 12 9 1 

PR positive 12 7 0.41 

HER-2 positive 4 2 1 

Chemotherapy 15 10 0.42 

Target therapy 4 2 1 

Anti-hormone therapy 12 8 1 

Immunotherapy 1 0 1 

Smoking 2 1 1 

 

  

(a) (b) 

Figure 2. This figure illustrates the distinct chest wall (CW) target volume for two groups, denoted as 

CTV (bright blue) and PTV (red): (a) Prepectoral Group: the target volume encompasses the area 
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between the skin and the pectoral muscle. Only the subcutaneous lymphatic plexus located ventral to 

the implant is irradiated. (b) Whole expander group: the entire expander and deep lymphatic plexus 

has been irradiated as the CW target volume. 

3.2. Comparisons of Dosimetric Outcomes 

The median RT dose administered was 50 Gy, with a range of 40–61 Gy. No statistically 

significant differences were found in terms of RT technique, total dose, number of fractions, or the 

use of conventional or hypofractionation schedules between the prepectoral and whole expander 

groups. The RT treatment factors and dosimetry parameters are listed in Table 2. In the comparison 

of dosimetry parameters between the two groups, similar exposure doses were observed for the 

normal organs, including the heart, ipsilateral lung, and contralateral breast. However, there was a 

notable trend towards a lower mean dose to the ipsilateral lung in patients in the prepectoral group 

(10.2 vs. 11.1 Gy, p=0.06). 

3.3. Clinical Outcomes 

The median follow-up period was 3.7 years. Reconstruction failure was observed in only one 

patient, a 48-year-old woman with right breast cancer. She had no history of smoking. Her initial 

cancer status was cT3N2M0, with ER-positive, PR-positive, and HER-2-positive tumors. She received 

neoadjuvant systemic treatment, including chemotherapy and anti-HER-2 targeted therapy. In 

November 2017, she underwent modified radical mastectomy (MRM) with tissue expander-based 

reconstruction. The final pathology report indicated ypT3N1M0 disease. She had completed the 

adjuvant chemotherapy, anti-HER-2 target therapy, RT with prepectoral CW target volume, and anti-

hormone therapy. In October 2018, approximately 11 months after the initial reconstruction, a 

permanent implant was inserted. However, approximately two months later, she developed 

complications, including pectoral muscle necrosis and wound dehiscence. Upon re-operation, 

avascular pectoral muscle was observed beneath the non-healing wound, leading to the removal of 

the implant.  

Additionally, one patient in the whole expander group experienced local recurrence. This 30-

year-old woman had left breast cancer initially diagnosed as cT4aN1M0, and her tumor was triple-

negative. She underwent neoadjuvant systemic therapy followed by MRM with breast 

reconstruction. The final pathology revealed ypT2N1M0 disease. She completed adjuvant 

chemotherapy and received PMRT with a dose of 60.4 Gy. However, approximately four months 

after completing RT, she experienced disease progression with local recurrence on the chest wall and 

distant metastases.  

Table 2. RT treatment factors, and dosimetry parameters. 

Characteristics Prepectoral (n = 15) Whole Expander (n = 11) p-Value 

RT technique   0.61 

Hybrid+IMRT 3 (2+1) 1 (0+1)  

VMAT+Helical tomotherapy 12 (8+4) 10 (5+5)  

RT total dose (Gy) (SD) 

(range) 

50 (5.4) 

(45-60) 

55 (6.9) 

(40-61) 
0.26 

Number of fractions (SD) 

(range) 

25 (3.2) 

(20-33) 

30 (5.2) 

(15-33) 
0.22 

Conventional fractionation: N (%) 14 10 1 

Hypofractionation: N (%) 1 1  

Heart Mean dose (Gy)  

(SD) (range) 

2.8 (1.67) 

(0.74-6.36) 

2.64 (4.35) 

(1.02-14.98) 
0.72 

Ipsilateral Lung Mean dose (Gy)  

(SD) (range) 

10.2 (2.86) 

(3.54-12.72) 

11.1 (3.75) 

(6.76-19.72) 
0.06 

Contralateral Breast Mean dose (Gy) 2.89 (1.19) 2.47 (1.44) 0.92 
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(SD) (range) (0.82-5.05) (1.32-6.13) 

Abbreviations: RT—radiation therapy; IMRT—intensity-modulated radiation therapy; VMAT—volumetric 

modulated arc therapy; HT—helical tomotherapy; SD—standard deviation. 

4. Discussion 

In our institution, breast cancer patients planning to undergo PMRT receive a two-stage 

expander-implant-based reconstruction with retropectoral implant insertion. The delineation of the 

PMRT chest wall target volume has been revised in some cases following the publication of the 

ESTRO ACROP contouring consensus guideline in 2019. This consensus provided recommendations 

for the context of PMRT after immediate implant-based reconstruction for breast cancer [8]. The 

delineation varies based on the position of the expander/implant, whether retropectoral or 

prepectoral. According to the consensus, CTV_chest wall should only include the ventral part of 

implant in cases where only the subcutaneous lymphatic plexus requires irradiation. Omitting the 

deep lymphatic plexus has the potential to improve the therapeutic ratio, but the impact of this de-

escalation RT policy on outcomes needs further evaluation.  

As our preliminary study reports, there are two groups with different target volumes, 

prepectoral and whole expander, and no significant differences were observed in terms of exposure 

to normal organs, including the ipsilateral lung, contralateral breast, or heart. Only a trend toward a 

lower mean dose to the ipsilateral lung was noted in the prepectoral group (10.2 vs. 11.1 Gy, p=0.06), 

although it did not reach statistical significance. Reconstruction failure and local recurrence rates 

were limited in both groups. This could be related to the relatively small breast reconstruction size in 

Asian women, resulting in no significant changes in exposure to adjacent normal organs with a 

reduction in the target volume. To the best of our knowledge, there is no other study analyzing the 

dosimetry of different chest wall contouring according to the ESTRO consensus for PMRT after 

implant-based reconstruction. Further research involving different racial groups and countries 

worldwide may provide more evidence on this matter. 

There has been a significant increase in the trend of post-mastectomy breast reconstruction over 

the past decade in high socioeconomic societies, including the United States, Europe, North and 

South Asia, and Australia [9-12]. In Korea, the rate of post-mastectomy breast reconstruction 

increased after coverage by the National Health Insurance Service, with the majority opting for 

implant-based reconstruction. According to a multidisciplinary expert panel consensus, the two-

stage technique is appropriate if implant-based reconstruction is planned, especially in the setting of 

PMRT [2]. The choice of reconstruction procedures should be tailored to individual breast cancer 

patients, considering both oncologic and aesthetic outcomes. However, there is limited data and 

varying opinions on determining the optimal RT methods for prepectoral or retropectoral 

reconstruction with regard to clinical outcomes and complication rates. Although the capsular 

contracture rate is higher in the prepectoral group (52.2 vs. 16.1%, p = 0.0018) with more severe 

contractures [13], some studies report similar reconstruction complication rates between the two 

populations [14]. Following the ESTRO ACROP recommendation to exclude the deep lymphatic 

plexus dorsal to the implant or pectoralis muscle in some cases, further evaluation of reconstruction 

complications and oncologic outcomes is needed over a longer follow-up period. 

In the context of immediate reconstruction with a two-stage expander-implant procedure, the 

target volume for PMRT may encompass either the temporary expander or the permanent implant. 

In our patient group, expanders were partially inflated during the RT course. The issue of the 

expander/implant volume for PMRT has been debated. In a multidisciplinary expert consensus, any 

manipulation involving inflation or deflation of the tissue expander before RT is discouraged [2]. The 

global 2021 oncoplastic breast consortium expert panel also provided inconclusive opinions 

regarding whether full expansion of the expander is necessary [15]. Additionally, modern RT 

techniques, such as IMRT, VMAT, or helical tomotherapy, can improve PMRT target coverage and 

dose distribution. The presence of an expander or permanent implant does not compromise RT 

delivery. Retrospective data evaluating PMRT with VMAT techniques for tissue expander-based 

reconstructions showed a low reconstruction failure rate (4.3%). The inflation volume of the expander 
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before PMRT did not affect the planning target volume or normal organ exposure (heart, lung, 

contralateral breast), except for the skin, which experienced increased dose with larger expander 

volumes [16]. 

A population-based cohort study in Canada had enrolled patients underwent mastectomy with 

immediate reconstruction [17]. Patients who received PMRT had increased risk of reoperation for 

breast reconstruction, regardless of the type of reconstruction, either implant-based or flap-based. 

Certain characteristics and dosimetry parameters increased the risk of reconstruction complications 

in the PMRT setting, such as smoking, PTV V107 > 11%, and the use of bolus [18]. Another study 

focused on breast cancer patients undergoing mastectomy, planned two-stage reconstruction and 

PMRT, analyzing the association between bolus use for skin dose coverage and reconstruction 

complications. They reported of 288 consecutive patients that daily bolus use had increased the 

reconstruction complications such as infection and expander loss, especially in the second stage of 

reconstruction (4-5% vs. 10-12% for infection and implant loss)[19]. Generally, patients underwent 

the first stage surgery before RT, and the second stage surgery had been performed at least several 

months after postmastectomy RT. The influence of RT on irradiated soft tissue would affect the 

perfusion and wound healing, potentially contributing to more complications in the second stage. A 

study examining the dose-response relationship between reconstruction complication risk and 

dosimetry parameters demonstrated the role of D2cc or 0.03 cc to the reconstructed breast or 

overlying breast skin and boost in the setting of two-stage expander-implant reconstruction [20]. 

Further research to analyze the association between dose-volume histograms (DVH) and 

reconstruction complications is ongoing to validate these findings.  

The optimal sequence of mastectomy, reconstruction, and RT in two-stage prosthetic 

reconstruction or PMRT to the tissue expander or permanent implant remains a subject of debate. 

High-quality studies addressing this issue are eagerly awaited. For instance, a study by Naoum et al. 

explored PMRT timing and modality associated with complications in two-stage expander-implant 

reconstruction [21]. They found that early PMRT to the temporary expander before exchange to the 

permanent implant increased reconstruction failure requiring prosthesis removal compared to PMRT 

to the permanent implant. However, 5-year local control rates were similar (95-97%). Proton therapy 

was associated with higher capsular contracture and overall reconstruction failure compared to 

photon therapy. Another study involving 257 consecutive patients investigated the effects of PMRT 

on temporary expanders or permanent implants, revealing a higher total reconstruction failure rate 

in the population receiving PMRT to temporary tissue expanders (40% vs. 6.4%, p < 0.0001)[22]. The 

results regarding capsular contracture rates, shape and symmetry assessments by surgeons, and 

patient opinions favored PMRT to permanent implants. 

Long-term outcomes of prosthetic-based reconstruction at Memorial Sloan Kettering Cancer 

Center yielded different results. The study showed greater predicted 6-year reconstruction failure 

rates for patients receiving RT to tissue expanders compared to those receiving RT to permanent 

implants (32% vs. 16.4%, p < 0.01). However, patients receiving RT to permanent implants 

experienced more moderate to severe capsular contracture (p < 0.01) and worse aesthetic results (p < 

0.01)[23]. A meta-analysis of implant-based reconstruction and the timing of PMRT for over 2000 

patients from 2000 to 2016 arrived at a similar conclusion. It identified a higher reconstructive failure 

rate when PMRT was applied to tissue expanders compared to PMRT applied to permanent implants 

(20% vs. 13.4%, p = 0.008), but a lower capsular contracture rate (24.5% vs. 49.4%, p = 0.08)[24]. In a 

prospective multicenter longitudinal cohort study investigating PMRT to temporary expanders or 

permanent implants, no differences in any complication, major complication, or reconstructive failure 

were observed between the two groups. The overall reconstructive failure rate was 10.7%, and the 

timing of PMRT was not a predictor of complications [25]. 

A survey revealed that when patients underwent immediate breast reconstruction an planned 

to receive PMRT, more than half of plastic surgeons favored implant-based approaches [26]. 

However, outcomes of expander-implant or autologous reconstruction in the PMRT setting have 

shown that the expander-implant-based procedure had more complications requiring reoperation 

and reconstruction failure than autologous reconstruction in a median 8-year long-term follow-up 
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[5]. Certain characteristics such as a body mass index ≥ 30, smoking, diabetes mellitus, and 
hypertension were significant predictors of reconstruction complications. 

There are some limitations to this study. It is retrospective and conducted at a single institution, 

relying on institutional clinical practice experience of breast surgeons, plastic surgeons, and radiation 

oncologists. The limited number of cases is related to heterogeneous patient characteristics and 

dosimetry parameters in RT planning, which may have impacted the results. Most patients in this 

study received modern arc techniques such as VMAT or helical tomotherapy. Further exploration of 

distinct RT target volumes and associated clinical and dosimetry outcomes will provide more 

information to determine the optimal therapeutic approach for patients undergoing breast 

reconstruction and PMRT. The impact of different expander inflation volumes during the RT course 

on RT dosimetry planning, especially for patients whose chest wall target volume omits the deep 

lymphatic plexus, becomes an issue and may influence outcomes. 

5. Conclusions 

Currently, there is a lack of high-quality evidence to establish a consensus for the optimal 

approach to breast reconstruction, sequence, timing, RT target volume, or RT technique for patients 

planning to receive PMRT. For patients undergoing two-stage expander-implant breast 

reconstruction with retropectoral insertion, our data have provided preliminary outcomes and 

dosimetry comparisons of PMRT between prepectoral and whole expander irradiated volumes. We 

observed similar exposure to normal organs, particularly a trend toward a lower ipsilateral lung dose, 

and comparable local control for those omitting the deep lymphatic plexus. 
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