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Background: Treatment of breast cancer (BC) remains a constant and rapidly 
evolving issue for multidisciplinary breast cancer teams. Considering the emerging 
understanding and advances in the biological course of this disease, new trends in 
radiotherapy fractionation, systemic therapies, and oncoplastic surgical techniques 
are revolutionizing adjuvant treatment approaches to BC. Novel challenges are 
questioning the integration of adjuvant radiotherapy (ART) into the real-world 
clinical setting.  

Methods: PubMed literature search was conducted in order to extract  data 
supporting the role of new trends in breast cancer adjuvant approach according to 
rising issues in the multidisciplinary team discussion such as sequencing with 
chemotherapy (CT) plus whole breast hypofractionated radiotherapy (HF-WBRT); 
the role of ART after neoadjuvant CT (NACT) followed by breast conservative 
surgery (BCS) in early BC achieving pathological complete remission (pCR); and 
the integration of ART in immediate autologous breast oncoplastic reconstruction 
after mastectomy (a-IBR). Furthermore, there are still several concerns about 
toxicity with adjuvant trastuzumab emtansine (T-DM1) or breast re-irradiation after 
BCS relapse in long-term survivors refusing mastectomy.  

Results: Among 40 hits, only 12 studies answered these issues. Many of them 
were retrospective studies. Less than 500 patients met the criteria for these issues 
and several conclusions were found exhaustive. 

Conclusion:  Few issues seem to have a literature solution, while there are still 
open questions in regard to these new trends. Novel strategies through prospective 
or randomized studies and new consensus guidelines are required.  

Copyright © 2022. This is an open-access article distributed under the terms of the Creative Commons Attribution-Non-Commercial 4.0 International License, which permits 
copy and redistribution of the material in any medium or format or adapt, remix, transform, and build upon the material for any purpose, except for commercial purposes. 

 
INTRODUCTION  
The diagnosis of breast cancer (BC) is most 

common in women, with approximately 15% 
estimated to develop this cancer during their lifetime. 
Its management is a major concern because it is in 

constant evolution, becoming a widely discussed 
issue among oncoplastic surgeons, radiation 
oncologists, and medical oncologists.  

Regarding adjuvant radiotherapy (ART), a 
milestone has been reached with the results of the 
DBCG 82bc trial,1 which has definitely demonstrated 
the superior benefits of Postmastectomy Radiation 
Therapy (PMRT) in the long term at 30 years, 
disavowing the conclusions of Cuzick’s meta-
analysis.2 Looking ahead, what else is going on? 
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In recent decades, many novel strategies investigated 
in randomized trials have been introduced for the 
treatment of BC and are currently included in daily 
clinical practice.3  With respect to ART, shorter 
courses of hypofractionated whole breast irradiation 
(HF-WBRT) consisting of 15 or 5 fractions have been 
advocated, as defined by large multicenter 
randomized trials.4,5,6 Furthermore, novel systemic 
therapies have revolutionized survival advantages, 
and include neoadjuvant and adjuvant strategies 
mainly in triple-negative BC (TBNC) and HER2-non 
luminal BC,7 or among HER2-positive BC patients 
who did not obtain a complete pathological response 
following neoadjuvant CT (NACT).8 

In addition, new challenges come from 
oncoplastic surgery, as novel approaches with 
autologous immediate post-mastectomy breast 
reconstruction (a-IBR) question the integration of 
ART.9 Although BC mortality has been reduced due 
to tailor-made adjuvant therapies, local recurrence 
rates at 10 and 15 years are still too high, ranging from 
10%-20%, respectively, and 30%-40% depending on 
factors such as treatment, patient age, and primary 
tumor size.10,11 Thus, BC-specific survival has 
improved, although it is reasonable to consider the 
risk of ipsilateral breast tumor recurrence (IBTR).12 
Unfortunately, local recurrence of BC subsequent to 
ART represents another therapeutic concern because 
salvage mastectomy is the only option. This is the 
standard treatment for these patients, but it could 
negatively impact cosmetics, quality of life (QoL), 
and psychological outcomes.13,14 Perhaps, 
conservative treatment should be offered. In this case, 
breast repeated irradiation (reRT) should be 
considered. In fact, reRT for recurrent breast cancer is 
not a routine practice because of the risk of significant 
toxicity with reRT has minimized its widespread use, 
so mastectomy is the only suggested option. Given 
this background, in this review we aimed to find out a 
literature feedback to support the real-world radiation 
oncologist practice according to these new ongoing 
trends.  

 
METHODS 
A PubMed literature search was performed in 

September 2022 for all available articles of the last 5 
years using the search terms: (“Breast Cancer 
Adjuvant ”) AND (“Oncoplastic Surgery OR 
Neoadjuvant Chemotherapy OR Hypofractionated 
Radiotherapy OR TDM1 ) AND (repeated irradiation  
OR omitting radiotherapy ”).  All studies concerning 
these novel issues were included like randomized 
trials, systematic reviews, retrospectives studies, 
prospective multicenter cohort studies, and 
guidelines. Excluded were case reports, comments, 
editorials, and letters to the editor.  

 

Data Extraction  
Data extraction was performed independently by 

two authors (APS and IB). Discrepancies were 
resolved by discussion. With the extracted data, an 
attempt was made to answer the following research 
questions:   

1. Adjuvant chemotherapy and 
hypofractionated radiotherapy: should 
sequencing be reconsidered?  

2. NACT in patients with high-risk early 
breast cancer in pathological complete remission: 
Should we irradiate them? 

3. Concurrent adjuvant radiation 
therapy and trastuzumab emtansine: What 
toxicity should be considered? 

4. Autologous immediate post-
mastectomy breast reconstruction: What target 
should be irradiated? 

5. Breast reirradiation or salvage 
mastectomy: Is it time to break off an ancient 
taboo?  
 
Outcomes  
With respect to the aim of this review, data on 

local relapse, disease-free survival and overall 
survival, QoL, were extracted. For studies 
investigating repeat breast irradiation and new drugs 
combinations, data on acute, late toxicities and 
cosmetic outcome were collected.  

 
RESULTS 
Search  
The Pub Med search yielded 40 hits; after 

removal of duplicates and screening the records, only 
12 studies were found answering these questions 
analyzing less than 1000 patients treated within the 
last 5 years and corresponding to these issues. No 
studies have assessed the effect of a new sequencing 
with chemotherapy and hypofractionated 
radiotherapy, while only one retrospective cohort 
study met the omission of RT in pCR after NACT in 
early breast cancer. Only a single center preliminary 
study on 14 patients has evaluated the safety of the 
concomitant use of RT and T-DM1. Concerning the 
oncoplastic surgery combination with RT, only a pilot 
study has been conducted on 12 patients showing 
irrelevant results. The breast repeated irradiation 
yielded more data collected by 9 studies including at 
least 500 patients most of them treated with partial 
breast reirradiation.  

 
DISCUSSION  
In regard to these questions, our research has 

yielded some answers as follows. 
 



     New trends in adjuvant radiotherapy in BC 

8 Lazzari et al. Arch Breast Cancer 2023; Vol. 10, No. 1: 6-14 

Adjuvant chemotherapy and hypofractionated 
radiotherapy: Should sequencing be reconsidered? 

Large, randomized trials with long-term follow-
up have clearly shown that HF-WBRT achieves 
similar local control and toxicity rates compared to 
conventional fractionation (CF).4,5,6 Thus, HF-WBRT 
has become a new standard of care after breast 
conservative surgery (BCS) or mastectomy around 
the world.15 As a consequence, treatment exposure 
has been further reduced from 15 fractions to 5 
fractions without any differences in long-term local 
control and overall survival.16 In the meantime, 
schedules of adjuvant CT have been lengthened based 
on hormone receptor status, Her2 expression17 and 
Oncotype® 18 or Endopredict®19 profiling, which 
require longer times to achieve a response, and thus 
lead to an overextension of the start of radiotherapy 
(RT). In daily clinical practice, adjuvant CT always 
precedes RT. This sequencing was defined 
approximately 30 years ago based on the randomized 
'Upfront-Outback' trial.20 This historical trial 
randomized 244 patients to receive a 12-week CT 
course before or after RT after BCS. As a result, OS 
was 73% and 81% (P=0.11), respectively. The 5-year 
crude rates of first recurrence according to the site in 
the RT-first and CT-first groups, respectively, were 
5% and 14% for local recurrence and 32% and 20% 
for distant or regional recurrence or both (P=0.07). 
The update of this study by Bellon et al., with a mean 
follow-up time of 135 months, did not show 
significant differences between the CT first and RT 
first arms in time to any event (distant metastasis), or 
death (P=0.88).21 The sites of first failure and OS were 
also not significantly different (P=0.70 and 0.41, 
respectively). Although no significant advantages 
were found for either sequence, CT has been chosen 
to be administered prior to RT. Now, is there an 
advantage to proposing HF-WBRT? It is 
acknowledged that hypofractionation enhances an 
antitumor immune response with distant effects, and 
this could be true in this context. To this end, 
confirmation comes from a study comparing the 
functional and proteomic characteristics of fluid 
obtained from post-excisional cavities of BC patients 
treated with and without intraoperative radiation 
therapy (IORT).22 The fluid from wound drainage of 
patients treated without IORT, when cocultured with 
breast cancer cell lines, stimulated proliferation, 
migration, and invasion. This effect was not observed 
in the wound drainage from patients in the IORT 
group. Proteomic analysis showed a different panel of 
cytokine expression in wound drainage of irradiated 
versus nonirradiated patients. The authors 
hypothesized that IORT could have had additional 
unknown radiobiological and immunological effects 
after the formation of a surgical wound.  It is thus 

reasonable to reconsider sequencing with HF-WBRT: 
the time factor and immunological effect of 
hypofractionated radiation therapy should be 
considered as a rationale.23 

 
NACT in patients with high-risk early breast 

cancer in pathological complete remission: should we 
irradiate them? 

The use of NACT is supported by several theories 
based on the effect of surgery on the spread of occult 
disease due to the loss of tumor cells during surgery.24 
Furthermore, NACT could be considered as an in vivo 
test of tumor chemosensitivity that is useful in the 
choice of the most effective drug.25, 26  

NACT administration in lieu of adjuvant CT in 
early BC is considered a novel strategy for patients 
with high-risk early BC cancer to achieve pCR and 
this effect appears to be related to improved 
survival.27 In fact, the well-known pooled CT-Neo-
BC analysis recorded an improvement in event-free 
survival (EFS) and OS in ypT0/Tis ypN0 pCR cases 
(hazard ratio [HR] 0.48 and 0.36, respectively) with a 
strong benefit in triple negative BC patients (TNBC) 
(EFS: HR 0.24, OS: HR 0.16) and HER2-nonluminal 
patients who had first received trastuzumab (EFS: HR 
0.15, OS: HR 0.08).28 Subsequently, other trials have 
also confirmed the positive effects on survival in this 
group compared to those with residual disease.29 

Given this evidence, the integration of ART after 
BCS in this setting is called into question. McGuire et 
al. reported no advantages with postmastectomy ART 
in terms of OS and local control in patients with early 
BC achieving pCR.NSABP B-5131 and Alliance 
A011202 trials 32 are still investigating the role of 
ART in the outcome of pathological nodal status after 
NACT. The omission of ART in patients with pCR 
after NACT and BCS has not yet been questioned.  

The question is why we should irradiate a 
suspected microscopic or occult disease when the 
macroscopic disease has disappeared after NACT. 
However, interesting findings from a retrospective 
study conducted on a cohort of patients from the 
National Cancer Database (NCDB) seem to address 
this issue. Data from more than 5000 women from the 
National Cancer Database treated with NAC and 
BCS, who obtained a pCR, have been analyzed. 
Among them, 364 (7%) omitted RT and this choice 
was observed in women over 70 years of age, of 
Hispanic origin, living more than 20 miles from a 
treatment source, and with grade 1 disease. 
Interestingly, the 5-year OS rate was 94.1% with RT, 
93% without RT (P=0.1783). The multivariate 
analysis confirmed this outcome (P=0.3181).33 
Although this study identified a subset of patients 
eligible for a further prospective study, in the absence 
of evidence of level I in the selected population, we 
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will continue to irradiate patients with pCR after 
NACT and BCS. Therefore, prospective studies are 
needed. 

 
Concurrent adjuvant radiation therapy and 

trastuzumab emtansine: what toxicity should be 
considered? 

The phase III KATHERINE study comparing the 
effects of adjuvant therapy using trastuzumab versus 
trastuzumab emtansine (T-DM1) on HER2-positive 
BC with residual invasive disease after NACT plus 
trastuzumab has revolutionized survival for this 
population.34 In fact, adjuvant T-DM1 reduced the 
risk of recurrence or death by 50% versus trastuzumab 
(P < 0.0001). Thus, T-DM1 is now provided in the 
adjuvant treatment of patients with HER2-positive 
BC who achieve incomplete pathological response 
after treatment based on taxane and trastuzumab.35 

Treatment is administered for 14 weeks every 21 
days and usually several cycles coincide with the start 
of the ART course. In this case, a major concern is 
pulmonary toxicity, which could increase in the case 
of volumes irradiated with IMRT or VMAT. In the 
KATHERINE study, more than 80% of the treated 
patients received standard ART according to stage 
and institutional standards, and a higher incidence of 
pneumonitis was recorded in the T-DM1 arm than in 
the trastuzumab arm (3.4% vs 1.0%). The rates 
differed by radiation dose and fractionation schedule, 
radiation techniques, and prior exposure to other 
cancer therapies. Apart from these data, no other 
information is available. In this regard, a study 
conducted by Zolcsák et al. in 14 patients has 
evaluated the safety of this combination.36 Ten 
patients received RT in the nodal areas. Pulmonary 
toxicity was not observed, while the most recorded 
side effect was grade 1 radiodermatitis and a reduced 
grade 2 left ventricular ejection fraction was observed 
in 2 patients. Therefore, the few available data suggest 
that acute toxicity is acceptable. Until proven 
otherwise, concomitant adjuvant radiation therapy T-
DM1 can be administered safely without acute lung 
side effects. However, more detailed examination and 
prospective data is needed. 

 
Autologous immediate post-mastectomy breast 

reconstruction: what target should be irradiated?  
Oncoplastic surgery with breast reconstruction 

after mastectomy has improved over the last decade, 
with autologous immediate breast reconstruction (a-
IBR) as a new surgical trend.9 This approach raises 
doubts about the integration of PMRT due to a fear of 
a higher frequency of surgical complications. This is 
still a debated issue.  

Previous experience has indicated that PMRT can 
increase the rate of complications after autologous 

reconstruction by approximately two to threefold.37 In 
the report of Spear et al. on 150 TRAM flaps, despite 
the total complication rate being 49.5%, PMRT was 
associated with the worst cosmetic outcome.38 In a 
study by Christante et al, 39 PMRT increased 
complications three times (P = 0.001) in the case of 
immediate breast reconstruction (P = 0.001), over 
mastectomy alone. For patients who received a 
combined implant plus autologous reconstruction, the 
complication effect, such as implant removal rate, 
was 31% vs 6% for patients radiated vs not radiated 
(P=0.005).  

In a prospective multicenter cohort study of 
women diagnosed with BC in 11 centers between 
2012 and 2015,40 among the irradiated patients, 
autologous reconstruction was associated with a 
lower risk of complications than implant-based 
reconstruction at two years (P = 0.007); no differences 
between procedures were found in unirradiated 
patients. Technical issues and contour delineation in 
implant immediate breast reconstruction (i-IBR) have 
been well established.41 The clinical target volume 
(CTV) of the chest in the ESTRO-ACROP guidelines 
consider the pathway of subcutaneous lymphatic 
drainage, which is critical when the skin is involved, 
as occurs in T4b-c-d BC. In fact, lymphatics from the 
mammary region drain through the dermal plexus 
located within the subcutaneous tissues of the breast. 
Considering the fact that approximately 5% to 10% of 
glandular tissue is retained after conventional total 
mastectomy as a consequence after mastectomy, the 
CTV of the chest wall should include residual 
subcutaneous glandular tissue and subcutaneous 
lymphatics as defined by the ESTRO guidelines. But 
these guidelines are not applicable in the case of 
oncoplastic surgery, including radical mastectomies 
with simultaneous breast reconstruction using the 
TRAM flap due to the absence of CTV in the chest. A 
new trend is the omission of PMRT after NACT only 
in patients with inflammatory breast cancer treated 
using this new surgical approach.42  

This complex approach is under investigation and 
is offered in cases of response to NACT in scenarios 
with the disappearance of widespread edema of the 
breast skin (>30%), satellites on the breast skin, 
metastases in the parasternal or supraclavicular lymph 
nodes, upper extremity edema, complete regression 
(CR) or partial regression (PR) on mammography or 
breast magnetic resonance imaging. According to this 
protocol, following a radical mastectomy in 
Madden’s modification with resection of R0, a 
TRAM grafting with a leg TRAM flap or a 
thoracodorsal flap is applied, while PMRT is not 
provided. In a pilot study, 12 patients with stage IIIB 
and IIIC breast cancer were enrolled. 42 Almost all of 
them had received a radical mastectomy with one-
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stage reconstruction using a TRAM flap after NACT. 
None received RT. Two years later, one patient 
(8.3%) showed progression of the disease in the form 
of distant metastases in the bones of the spine and a 
patient (8.3%) had a regional relapse that occurred in 
the displaced flap near the postoperative scar. 
According to the ESTRO-ACROP guidelines,41 
complete inclusion of the pectoral chest wall under 
implant positioning is strongly recommended in the 
presence of large primary BC (pT3) treated with 
mastectomy and i-IBR, locally advanced BC with 
complete nonpathological response to primary 
systemic therapy, and in invasion of the main pectoral 
muscle and/or the chest wall.  

But with the approach described above, there is 
no residual CTV, so is it reasonable to wonder which 
target should be irradiated: the scar or the regional 
nodal areas? On the other hand, in the ESTRO-
ACROP consensus, transplanted tissues such as the 
skin, fat, muscles, and synthetic materials (implant, 
tissue expander, ADM) are not included in the 
calculation of the CTV. Therefore, new consensus 
guidelines for a-IBR are required. In the absence of 
level I evidence, this procedure reassesses the role of 
PMRT, and recommends novel consensus guidelines 
and a strong evidence-based multidisciplinary team 
consultation. 

 
Breast repeated irradiation (reRT) or salvage 

mastectomy: is it time to break off an ancient taboo?  
ReRT is a hot topic. Local relapse after BCS and 

ART has been reported in approximately 6–10% of 
patients at 5 years depending on the nodal status.43 

Salvage mastectomy is usually applied with or 
without post-operative reRT which could achieve a 
local control of 68–98%.44 Alternative approaches to 
ensure repeat breast conservation therapy or available 
techniques are still under investigation. However, 
reRT may be effective and the trend is in favor of its 
use, as confirmed by a systematic review. In this 
analysis, among 34 eligible studies, only 18 focused 
on repeated BCS followed by re-irradiation (whole-
breast or partial) and one on quality of life. The 5-year 
local control was 76% for repeat BCS alone and 89% 
for repeat BCS followed by reRT while the  5-year 
overall survival for repeat BCS and repeat BCS 
followed by reirradiation were 77% and 87%, 
respectively. 45  Furthermore, toxicity was acceptable 
with grade III-IV toxicity rates at least 21%, a good to 
excellent cosmesis in 29–100% and unacceptable in 
0–18%. Thus, a reRT after BCS could be provided, 
and this approach seems to garner positive approval. 
In fact, a recent Dutch breast surgeons and radiation 
oncologists online survey assessed this issue, with a 
positive consent on reRT being collected. Almost all 
respondents found that a repeated conservative 

approach feasible in selected cases, taking into 
account the patient’s preference and preferably with a 
partial breast re-irradiation modality.46 Thus, which 
re-irradiation modality could be better and safer: 
partial breast or complete breast re-irradiation?   

Partial breast reRT?  
Depending on breast size, tumor dimension, 

molecular phenotype, focality of relapse, and 
availability of technology, partial breast reRT could 
be offered with brachytherapy, IORT, external beam 
radiation therapy (EBRT), and protons to achieve the 
best cosmetic outcome for the same local control. 
Interstitial multicatheter brachytherapy (MCB) has 
been one of the first procedures to evaluate the role of 
partial breast reRT (PBrI). HDR-MCB is the standard 
approach that delivers a dose of 34 Gy in 10 fractions, 
2 fractions per day, with a minimal interval of 6 
hours.47  

In terms of efficacy and safety, according to the 
Balestra study, conducted on 217 patients, the 5-year 
recurrence rate was only 5.6% with limited grade 3-4 
complications (11%).  

Thus, given these results in terms of toxicity, low 
recurrence rate, and acceptable cosmetic results, 
HDR-MCB should be considered a suitable option for 
PBrI.48 An alternative approach is IORT with 
electrons or photons. According to available studies, 
a single electron shot with a median dose of 20 Gy 
(17–21 Gy) appears to ensure a control rate of 89–95 
months  with a mean follow-up of 58-48 months, 
showing a very low acute and late toxicity profile.49 
Furthermore, in the study by Blandino et al, in 30 
patients treated with a median dose of 18 Gy 
electrons, the good to excellent cosmetic outcome rate 
was 51%; however, G3 late fibrosis consisted of 
21%.50 Among photon studies, the most powered 
study by Tangarajah et al. involved 40 patients treated 
with a median dose of 20 Gy and 50kV X-rays, no 
grade 3-4 acute toxicity was recorded.51 However, a 
PBrI with EBRT must be considered due to its 
widespread accessibility in all RT centers. Protocols 
have been provided that deliver doses ranging from 
45 Gy with standard fractionation,52 or 1.5 Gy twice 
daily in 15 fractions on the surgical bed.53 To this end, 
the NRG Oncology/RTOG 1014 Phase 2 Clinical 
Trial evaluated this fractionation protocol and 
achieved a cumulative 5-year incidence of 
mastectomy of almost 10%. Continuous survival 
without metastases and OS at 5 years were 95% while 
no grade 4 or 5 toxicities were reported. Changes in 
breast skin and fibrosis were found to be the most 
common late side effects.54 Due to their ballistic 
properties, proton beam PBrI could be more 
advantageous, but it is still under investigation with 
few data and short follow-up terms. The study by 
Thorpe et al. evaluating the Prospective Proton 
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Collaborative Group (PCG) registry, including 50 
eligible patients, reported local relapse-free survival 
and OS at 1 year of 93% and 97%, respectively. 
Factors related to grade 3 toxicity were BMI > 30, 
bilateral disease, and IMN reRT. The median 
cumulative dose was > 110 Gy; however, the toxicity 
rate was acceptable. 55 

Whole breast reRT?  
Concerning adjuvant whole breast re-irradiation 

(WBrI), few studies have shown how this approach is 
feasible with acceptable toxicities. Data on the whole 
breast, chest wall, and nodal areas have been reported 
by several retrospective studies. In the study by 
Merino et al., 56 patients received a second course of 
RT with 3D conformal RT and conventional 
fractionation. Considering α/β ratio 3, the mean 
cumulative equivalent dose of 2 Gy (EQD2) to the 
entire breast and tumor cavity was 99.8 Gy and 109.1 
Gy, respectively. The local control was 0.62 (P = 
0.07) and 0.5 (P = 0.08) at 1 and 2 years, respectively. 
Acute toxicity was radiation dermatitis G1-2, G3, and 
G4 in 45, 4 and 1 cases, respectively. One patient 
presented necrosis. The most common late tissue 
toxicity was G3 fibrosis and changes in 
telangiectasias. By multivariate analysis, the 
predicative factors for local recurrence <2 years were 
skin involvement (P = 0.016) and the time to local 
recurrence (P = 0.042).56 In the retrospective study by 
Fattahi et al., 72 patients received reRT to the whole 
breast, chest wall, and nodal areas with photons, 
electrons, and protons with intensity modulated 
therapy. Grade 3 adverse events occurred in 13% of 
patients, indicating the time between RT courses and 
reRT fields as prognostic factors for grade 3 toxicity 
at any time. At 2 years, locoregional recurrence-free 
survival was 74.6% and OS was 65.5% among all 
patients.57 WBrI after repeat BCS appears to be a 
feasible and effective option to mastectomy in the 
case of IBTR, but in selected patients. Factors to 
consider are the equivalent dose in 2 Gy for each 
course using an α/β ratio of 3, using a conventional 

fractionation, not exceeding a cumulative dose of 
110–110 Gy, time factor over 2 years from first 
treatment and skin involvement. 

Given this background, breast reRT should not be 
excluded and should be offered to patients refusing 
mastectomy, in accordance with patient factors, 
considering time from prior irradiation, radiation 
cumulative dose, and resource availability.  

 
CONCLUSION 
The growing challenges of modern advances in 

breast cancer oncology continue to make researchers 
reassess the role of ART and its relationship with 
surgery and systemic therapies. It is a fact that modern 
breast cancer adjuvant therapy has changed with these 
fascinating trends in an attempt to improve QoL and 
compliance with treatment. This review confirms that 
there are still open questions due to  lack of a 
substantial level I evidence supporting the role of 
ART and these new ongoing trends. However, it can 
inform practice because some issues have  yielded 
encouraging feedback like its relationship with novel 
drugs or in partial breast reRT. Questions on 
sequencing CT and HF-WBRT or omitting RT in pCR 
after NACT probably need prospective or randomized 
studies. ART in wide demolitive oncoplastic surgery 
requires substantial data and new consensus 
guidelines for a reconstructed CTV chest delineation. 
Thus, the best solution should be discussed and shared 
in a multidisciplinary breast cancer team, taking into 
account the support of the available literature.  

 
CONFLICTS OF INTERESTS 
The authors declare no competing interests.  
 
FUNDING  
No funding.  
 
ACKNOWLEDGEMENTS 
Authors thank to Dr. Antonella Bianculli and Dr. 

Raffaele Tucciariello for the technical support.
 
 
REFERENCES 

1. Overgaard M, Nielsen HM, Tramm T, Højris I, 
Grantzau TL, Alsner J, et al. Postmastectomy 
radiotherapy in high-risk breast cancer patients given 
adjuvant systemic therapy. A 30-year long-term report 
from the Danish breast cancer cooperative group 
DBCG 82bc trial. Radiotherapy & Oncology 2022; 
170 : 4-13. doi: 10.1016/j.radonc.2022.03.008 

2. Cuzick J, Stewart H, Rutqvist L, Houghton J, Edwards 
R, Redmond C, et al. Cause-specific mortality in long-
term survivors of breast cancer who participated in 
trials of radiotherapy. J Clin Oncol. 1994;12:447–453. 
doi: 10.1200/JCO.1994.12.3.447. 

3. Espenel S, Chargari C, Blanchard P, Bockel S, Morel 
D, Rivera S, et al. Practice changing data and emerging 
concepts from recent radiation therapy randomised 
clinical trials. Eur J Cancer 2022; 171:242-58. doi: 
10.1016/j.ejca.2022.04.038 

4. START Trialists' Group, Bentzen SM, Agrawal RK, 
Aird EG, Barrett JM, Barrett-Lee PJ, et al. The UK 
standardisation of breast radiotherapy (START) trial A 
of radiotherapy hypofractionation for treatment of 
early breast cancer: a randomised trial. Lancet Oncol 
2008; 9:331–341. doi:10.1016/S1470-2045(08)70077-
9. 



     New trends in adjuvant radiotherapy in BC 

12 Lazzari et al. Arch Breast Cancer 2023; Vol. 10, No. 1: 6-14 

5. START Trialists' Group, Bentzen SM, Agrawal RK, 
Aird EG, Barrett JM, Barrett-Lee PJ, et al. The UK 
Standardisation of Breast Radiotherapy (START) 
Trial B of radiotherapy hypofractionation for 
treatment of early breast cancer: a randomised trial. 
Lancet. 2008 Mar 29;371(9618):1098-107. doi: 
10.1016/S0140-6736(08)60348-7.  

6. Murray Brunt A, Haviland JS, Wheatley DA, 
Sydenham MA, Alhasso A, Bloomfield DJ, et al. 
Hypofractionated breast radiotherapy for 1 week 
versus 3 weeks (FAST-Forward): 5-year efficacy and 
late normal tissue effects results from a multicentre, 
non-inferiority, randomised, phase 3 trial. Lancet. 
2020 ;395(10237):1613-1626. doi: 10.1016/S0140-
6736(20)30932-6. 

7. Asselain B, Barlow W, Bartlett J, Early Breast Cancer 
Trialists’ Collaborative Group (EBCTCG). Long-term 
outcomes for neoadjuvant versus adjuvant 
chemotherapy in early breast cancer: meta-analysis of 
individual patient data from ten randomised trials. 
Lancet Oncol. 2018;19(1):27–39. doi: 10.1016/S1470-
2045(17)30777- 5 

8. von Minckwitz G, Huang CS, Mano MS, Loibl S, 
Mamounas EP, Untch M, et al. Trastuzumab 
Emtansine for Residual Invasive HER2-Positive 
Breast Cancer. N Engl J Med. 2019 Feb 
14;380(7):617-628. doi: 10.1056/NEJMoa1814017.  

9. Panchal H, Matros E. Current Trends in Post-
Mastectomy Breast Reconstruction. Plast Reconstr 
Surg. 2017; 140(5): 7S–13S. 
doi:10.1097/PRS.0000000000003941 

10. Brewster AM, Hortobagyi GN, Broglio KR, Kau SW, 
Santa-Maria CA, Arun B, et al. Residual risk of breast 
cancer recurrence 5 years after adjuvant therapy. J Natl 
Cancer Inst. 2008; 100(16):1179-183. doi: 
10.1093/jnci/djn233 

11. Freedman GM, Fowble BL. Local recurrence after 
mastectomy or breast-conserving surgery and 
radiation. Oncology (Williston Park). 2000; 
14(11):1561-1581; discussion 1581-1562, 1582-1564. 

12. Torre LA, Bray F, Siegel RL, Ferlay J, Lortet-Tieulent 
J, Jemal A. Global cancer statistics, 2012. CA Cancer 
J Clin. 2015;65(2):87-108. doi:10.3322/caac.21262 

13. Al-Hilli Z, Thomsen KM, Habermann EB, Jakub JW, 
Boughey JC. Reoperation for complications after 
lumpectomy and mastectomy for breast cancer from 
the 2012 National Surgical Quality Improvement 
Program (ACS-NSQIP). Ann Surg Oncol. 2015; 
22(Suppl 3):S459–S69. doi: 10.1245/s10434-015-
4741-7 

14. Aerts L, Christiaens MR, Enzlin P, Neven P, Amant F. 
Sexual functioning in women after mastectomy versus 
breast conserving therapy for early-stage breast 
cancer: a prospective controlled study. Breast. 2014;  
23(5):629–36. doi: 10.1016/j.breast.2014.06.012 

15. Moran MS, Truong PT. Hypofractionated radiation 
treatment of  breast cancer: The time is now. Breast J. 
2020;00:1–8. doi: 10.1111/tbj.13724 

16. Gupta A, Ohiri N, Haffty BG. Hypofractionated 
radiation treatment in the management of breast 
cancer. Expert Rev Anticancer Ther. 2018; 18(8): 793–
803. doi:10.1080/14737140.2018.1489245 

17.  Pondè NF, Zarvadas D, Piccart M. Progress in 
adjuvant systemic therapy for breast cancer- Nat Rev 
Clin Oncol. 2019 Jan; 16(1):27-44. doi: 
10.1038/s41571-018-0089-9 

18. Syed YY. Oncotype DX Breast Recurrence Score ®: A 
Review of its Use in Early-Stage Breast Cancer. Mol 
Diagn Ther. 2020 Oct;24(5):621-632. doi: 
10.1007/s40291-020-00482-7 

19. Almstedt K, Mendoza S, Otto M, Battista MJ, 
Steetskamp J, Heimes AS, et al. EndoPredict® in early 
hormone receptor-positive, HER2-
negative breast cancer. Breast Cancer Res Treat. 2020 
Jul;182(1):137-146. doi: 10.1007/s10549-020-05688-
1 

20. Recht A, Come SE, Henderson IC, Gelman RS, Silver 
B, Hayes DF, et al. The sequencing of chemotherapy 
and radiation therapy after conservative surgery for 
early stage breast cancer. N Engl J Med .1996; 
334:1356- 61, doi: 10.1056/NEJM199605233342102 

21. Bellon JR, Come SE, Gelman RS, Henderson IC, 
Shulman LN, Silver BJ, et al. Sequencing of 
chemotherapy and radiation therapy in early-stage 
breast cancer: updated results of a prospective 
randomized trial. J Clin Oncol. 2005 Mar 
20;23(9):1934-40. doi: 10.1200/JCO.2005.04.032 

22. Belletti B, Vaidya JS, D'Andrea S, Entschladen F, 
Roncadin M, Lovat F, et al. Targeted intraoperative 
radiotherapy impairs the stimulation of breast cancer 
cell proliferation and invasion caused by surgical 
wounding. Clin Cancer Res. 2008 Mar 1;14(5):1325-
32. doi: 10.1158/1078-0432.CCR-07-4453.  

23. Formenti SC, Demaria S. Local control by 
radiotherapy: is that all there is? Breast Cancer 
Research 2008, 10:215-22.  doi:10.1186/bcr2160. 

24. Fisher B, Gunduz N, Coyle J, Rudock C, Saffer E. 
Presence of a growth-stimulating factor in serum 
following primary tumor removal in mice. Cancer Res 
1989; 49: 1996–2001 

25. Cortazar P, Zhang L, Untch M, Mehta K, Costantino 
JP, Wolmark N, et al. Pathological complete response 
and long-term clinical benefit in breast cancer: the 
CTNeoBC pooled analysis. Lancet 2014; 384: 164–72. 
doi: 10.1016/S0140-6736(13)62422-8 

26. von Minckwitz G, Blohmer JU, Costa SD, Denkert C, 
Eidtmann H, Eiermann W, et al. Response-guided 
neoadjuvant chemotherapy for breast cancer. J Clin 
Oncol 2013; 31: 3623–30. doi: 
10.1200/JCO.2012.45.0940.  

27. Cortazar P, Geyer CE jr. Pathological complete 
response in neaoadjuvant treatment of  breast cancer.  
Ann Surg Oncol. 2015 May;22(5):1441-6. doi: 
10.1245/s10434-015-4404-8 

28. Houssami N, Macaskill P, von Minckwitz G, 
Marinovich ML, Mamounas E. Meta-analysis of the 
association of breast cancer subtype and pathologic 
complete response to neoadjuvant chemotherapy. Eur 
J Cancer. 2012; 48(18): 3342–54. doi: 
10.1016/j.ejca.2012.05.023  

29. Denkert C, Liedtke C, Tutt A, von Minckwitz G. 
Molecular alterations in triple-negative breast cancer-
the road to new treatment strategies. Lancet. 2017 Jun 



New trends in adjuvant radiotherapy in BC  

Lazzari et al. Arch Breast Cancer 2023; Vol. 10, No. 1: 6-14  13 

17;389(10087):2430–42. doi: 10.1016/S0140-
6736(16)32454-0. 

30. McGuire SE, Gonzalez-Angulo AM, Huang EH, 
Tucker SL, Kau SW, Yu TK, et al. Postmastectomy 
radiation improves the outcome of patients with 
locally advanced breast cancer who achieve a 
pathologic complete response to neoadjuvant 
chemotherapy. Int J Radiat Oncol Biol Phys. 2007 Jul 
15;68(4):1004-9. doi: 10.1016/j.ijrobp.2007.01.023. 

31. Mamounas EP, Bandos H, White JR, Julian TB, Khan 
AJ, Shaitelman SF, et al. NRG Oncology/NSABP B-
51/RTOG 1304: Phase III trial to determine if chest 
wall and regional nodal radiotherapy (CWRNRT) post 
mastectomy (Mx) or the addition of RNRT to whole 
breast RT post breast-conserving surgery (BCS) 
reduces invasive breast cancer recurrence-free interval 
(IBCR-FI) in patients (pts) with pathologically 
positive axillary (PPAx) nodes who are ypN0 after 
neoadjuvant chemotherapy (NC). Journal of Clinical 
Oncology 2019. doi: 
10.1200/JCO.2019.37.15_suppl.TPS600. 

32. Boughey J, Haffty B, Buchholz T, Symmans WF, 
Hunt K, Armer J, et al. Alliance A011202: A 
Randomized Phase III Trial Comparing Axillary 
Lymph Node Dissection to Axillary Radiation in 
Breast Cancer Patients (cT1-3 N1) Who Have Positive 
Sentinel Lymph Node Disease After Receiving 
Neoadjuvant Chemotherapy. Available from: 
https://www.allianceforclinicaltrialsinoncology.org/m
ain/cmsfile?cmsPath=/Public/Annual%20Meeting/fil
es/A011202-Boughey-May2019.pdf 

33. Mandish S, Gaskins JT, Yusuf MB, Amer YM, 
Eldredge-Hindy H. The effect of omission of adjuvant 
radiotherapy after neoadjuvant chemotherapy and 
breast conserving surgery with a pathologic complete 
response. Acta Oncol 2020; 59(10): 1210-17. doi: 
10.1080/0284186X.2020.1797161 

34. von Minckwitz G, Huang CS, Mano MS, Loibl S, 
Mamounas EP, Untch M, et al. Trastuzumab 
Emtansine for Residual Invasive HER2-Positive 
Breast Cancer. N Engl J Med. 2019; 380: 617-28. doi: 
10.1056/NEJMoa1814017 

35. Mamounas EP, Untch M, Mano MS, Huang CS, Geyer 
CE Jr, von Minckwitz G, et al. Adjuvant T-DM1 
versus trastuzumab in patients with residual invasive 
disease after neoadjuvant therapy for HER2-positive 
breast cancer: subgroup analyses from KATHERINE. 
Annals of Oncology,2021.32(8): 1005-14. doi: 
10.1016/j.annonc.2021.04.011 

36. Zolcsák Z,  Loirat  D  Fourquet  A ,  Kirova  YM. 
Adjuvant Trastuzumab Emtansine (T-DM1) and 
Concurrent Radiotherapy for Residual Invasive 
HER2-positive Breast Cancer: Single-center 
Preliminary Results. Am J Clin Oncol. 2020 Dec 
1;43(12):895-901. 
doi:10.1097/COC.0000000000000769 

37. Poppe MM, Agarwal JP. Breast Reconstruction With 
Postmastectomy Radiation: Choices and Tradeoffs. J 
Clin Oncol. 2017;35(22):2467-2470. doi: 
10.1200/JCO.2017.72.7388 

38. Spear SL, Ducic I, Low M, Cuoco F. The effect of 
radiation on pedicled TRAM flap breast 
reconstruction: Outcomes and implications. Plast 
Reconstr Surg .2005; 115:84-95 

39. Christante D, Pommier SJ, Diggs BS, Samuelson BT, 
Truong A, Marquez C, et al. Using complications 
associated with postmastectomy radiation and 
immediate breast reconstruction to improve surgical 
decision making. Arch Surg. 2010; 145:873-78. doi: 
10.1001/archsurg.2010.170 

40. Jagsi R, Momoh AO, Qi J, Hamill JB, Billig J, Kim 
HM, et al. Impact of Radiotherapy on Complications 
and Patient-Reported Outcomes After Breast 
Reconstruction. J Natl Cancer Inst. 2018 Feb 
1;110(2):157-165. doi: 10.1093/jnci/djx148 

41. Kaidar-Person O, Vrou Offersen B, Hol S, Arenas M, 
Aristei C, Bourgier C, et al. ESTRO ACROP 
consensus guideline for target volume delineation in 
the setting of postmastectomy radiation therapy after 
implant-based immediate reconstruction for early 
stage breast cancer. Radiot Oncol .2019;  137 159–
166. doi: 10.1016/j.radonc.2019.04.010 

42. Smolanka II, Bagmut IY, Sheremet MI, Lyashenko 
AO, Movchan OV, Smolanka II Jr, et al. Delayed 
breast reconstruction with tram-flap and various 
modifications after radical mastectomy. J of Med and 
Life. 2021 ; 14 (6) : 847-52. doi: 10.25122/jml-2021-
0354 

43. Early Breast Cancer Trialists’ Collaborative Group 
(EBCTCG). Effect of radiotherapy after breast-
conserving surgery on 10-year recurrence and 15-year 
breast cancer death: meta-analysis of individual 
patient data for 10,801 women in 17 randomised trials. 
Lancet 2011; 378: 1707-16. doi: 10.1016/S0140-
6736(11)61629-2 

44. Marta GN, Hijal T, de Andrade Carvalho H. 
Reirradiation for locally recurrent breast cancer. 
Breast .2017; 33:159–65. doi: 
10.1016/j.breast.2017.03.008 

45. Walstra C JEF, Schipper RJ, Poodt IGM, van Riet YE, 
Voogd AC, van der Sangen MGC, et al. Repeat breast-
conserving therapy for ipsilateral breast cancer 
recurrence: A systematic review. Eur J Surg Oncol. 
2019;45(8):1317-27. 
doi.org/10.1016/j.ejso.2019.02.008 

46. Walstra C JEF, Schipper RJ, van Riet 
YE, van der Toorn PPG, Smidt ML, vd Sangen MJS. 
Repeat breast-conserving treatment of ipsilateral 
breast cancer recurrence: a nationwide survey 
amongst breast surgeons and radiation oncologists 
in the Netherlands. Breast Cancer Research and 
Treatment. 2021; 187:499–514. doi: 10.1007/s10549-
021-06154-2 

47. Resch A, Fellner C, Mock U, Handl-Zeller L, Biber E, 
Seitz W, et al. Locally recurrent breast cancer: pulse 
dose rate brachytherapy for repeat irradiation 
following lumpectomy – a second chance to preserve 
the breast. Radiology. 2002; 225: 713-18. doi: 
10.1148/radiol.2253011913 

48. Vavassori A, Riva G, Cavallo I, Spoto R, Dicuonzo S, 
Fodor C, et al. High-dose-rate Brachytherapy as 
Adjuvant Local rEirradiation for Salvage Treatment of 

https://doi.org/10.1080/0284186x.2020.1797161
https://pubmed.ncbi.nlm.nih.gov/?term=Zolcs%C3%A1k+Z&cauthor_id=33027084
https://pubmed.ncbi.nlm.nih.gov/?term=Loirat+D&cauthor_id=33027084
https://pubmed.ncbi.nlm.nih.gov/?term=Fourquet+A&cauthor_id=33027084
https://pubmed.ncbi.nlm.nih.gov/?term=Kirova+YM&cauthor_id=33027084


     New trends in adjuvant radiotherapy in BC 

14 Lazzari et al. Arch Breast Cancer 2023; Vol. 10, No. 1: 6-14 

Recurrent breast cancer (BALESTRA): a retrospective 
monoinstitutional study. J Contemp Brachytherapy 
2020; 12, 3: 207–215. doi: 10.5114/jcb.2020.96860 

49. Montagne L, Hannoun A, Hannoun-Levi JM.  Second 
conservative treatment for second ipsilateral breast 
tumor event: A systematic review of the different re-
irradiation techniques. Breast. 2020 49:274-280. doi: 
10.1016/j.breast.2020.01.003. 

50. Blandino G, Guenzi M, Belgioia L, Bonzano E, 
Configliacco E, Tornari E, et al. Adjuvant 
intraoperative radiotherapy for selected breast cancers 
in previously irradiated women: evidence for excellent 
feasibility and favorable outcomes. Rep Pract Oncol 
Radiother 2017;22: 277- 83. doi 
10.1016/j.rpor.2017.02.009 

51. Thangarajah F, Heilmann J, Malter W, Kunze S, 
Marnitz S, Mallmann P, et al. Breast conserving 
surgery in combination with intraoperative 
radiotherapy after previous external beam therapy: an 
option to avoid mastectomy. Breast Canc Res Treat 
2018;168: 739-44. doi: 10.1007/s10549-017-4657-y 

52. Janssen S, Rades D, Meyer A, Fahlbusch FB, 
Wildfang I, Meier A. Local recurrence of breast 
cancer: conventionally fractionated partial external 
beam re-irradiation with curative intention. 
Strahlenther Onkol. 2018; 194:  806–14. doi: 
10.1007/s00066-018-1315-1 S 

53. Arthur DW, Winter KA, Kuerer HM, Haffty BG, 
Cuttino LW, Todor DA, et al. NRG Oncology-
Radiation Therapy Oncology Group Study 1014: 1-
year toxicity report from a phase 2 study of repeat 
breast-preserving surgery and 3-dimensional 
conformal partial-breast reirradiation for in-breast 
recurrence. Int J Radiat Oncol Biol Phys. 2017;98(5): 
1028-1035. doi: 10.1016/j.ijrobp.2017.03.016 

54. Arthur DW, Winter KA, Kuerer HM, Haffty B, 
Cuttino L, Todor DA, et al. Effectiveness of Breast-
Conserving Surgery and 3-Dimensional Conformal 
Partial Breast Reirradiation for Recurrence of Breast 
Cancer in the Ipsilateral Breast The NRG 
Oncology/RTOG 1014 Phase 2 Clinical Trial. JAMA 
Oncol. 2020 Jan 1;6(1):75-82. doi: 
10.1001/jamaoncol.2019.4320. 

55. Thorpe CS, Niska JR, Girardo ME, Kosiorek HE, 
McGee LA, Hartsell WF. Proton beam therapy 
reirradiation for breast cancer: Multi‐institutional 
prospective PCG registry analysis. Breast J. 
2019;00:1–11. doi: 10.1111/tbj.13423 

56. Merino T, Tran WT, Czarnota GJ. Re-irradiation for 
locally recurrent refractory breast cancer. Oncotarget 
2015; 6(33): 35051-62. doi: 10.18632/oncotarget.6036 

57. Fattahi S, Ahmed SK, Park SS, Petersen IA, Shumway 
DA, Stish BJ,et al. Reirradiation for Locoregional 
Recurrent Breast Cancer. Adv Radiat Oncol. 
2021;6:100640. doi: 10.1016/j.adro.2020.100640.

 
 

Lazzari G, Solazzo AP, Benevento I, Montagna A, Rago L, Giovanni C, et al. Current Trends and 
Challenges in Real-World Breast Cancer Adjuvant Radiotherapy: What’s Going On?. Arch Breast 
Cancer. 2023; 10(1): 6-14. 
Available from: https://www.archbreastcancer.com/index.php/abc/article/view/643  

How to Cite This Article 

https://doi.org/10.5114/jcb.2020.96860
https://www.archbreastcancer.com/index.php/abc/article/view/643

	Grazia Lazzaria, Angela Pia Solazzoa, Ilaria Beneventoa, Antonietta Montagnaa, Luciana Ragoa, Castaldo Giovannia, Giovanni Silvanob
	INTRODUCTION
	1. Adjuvant chemotherapy and hypofractionated radiotherapy: should sequencing be reconsidered?
	2. NACT in patients with high-risk early breast cancer in pathological complete remission: Should we irradiate them?
	3. Concurrent adjuvant radiation therapy and trastuzumab emtansine: What toxicity should be considered?
	Breast repeated irradiation (reRT) or salvage mastectomy: is it time to break off an ancient taboo?
	Partial breast reRT?
	Whole breast reRT?
	CONCLUSION
	REFERENCES


