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Abstract
Purpose of Review  Post-mastectomy radiotherapy (PMRT) has been shown to improve locoregional control and survival 
rates when administered to high-risk breast cancer patients. This review provides a compendium of instrumental studies, 
extant indications, current evidence, and ongoing trials as they pertain to PMRT utilization.
Recent Findings  Increasing evidence supports hypofractionated irradiation as an equivalent, if not superior, alternative to 
standard fractionation. There is growing interest in PMRT delivery techniques that limit cardiopulmonary radiation exposure. 
The safety and efficacy profile of proton beam radiotherapy appear similar to conventional irradiation with the potential 
advantage of reduced cardiac toxicity. Numerous active studies are investigating the impact of PMRT in patients considered 
to be at intermediate risk of disease recurrence.
Summary  The approach to PMRT should be personalized based on individual risk factors and tumor biology. As radiotherapy 
techniques and genomic testing continue to improve, there may be a role for PMRT de-escalation in particular subpopula-
tions with breast cancer.
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Introduction

The role of post-mastectomy radiotherapy (PMRT) has 
undergone a considerable paradigm shift over several dec-
ades. Adjuvant radiotherapy (RT) targets microscopic dis-
ease that may remain within the chest wall, residual breast 
parenchyma, or regional lymph nodes, therein reducing 
rates of locoregional recurrence. Results of randomized tri-
als and meta-analyses have suggested improved disease-free 

survival and overall survival associated with PMRT delivery 
[1, 2•, 3–7]. This article will review the indications for, areas 
of active investigation, and future directions of PMRT in the 
modern era.

Landmark Studies

The Danish Breast Cancer Cooperative Group (DBCG) 
82b and 82c Randomized Trials are two of the first land-
mark studies to show significant benefit across several 
endpoints of PMRT in high-risk breast cancer, including 
overall survival (OS). DBCG 82b evaluated the benefit of 
PMRT in premenopausal women receiving adjuvant sys-
temic chemotherapy, and DBCG 82c evaluated the benefit 
of PMRT in postmenopausal women receiving adjuvant 
tamoxifen. In DBCG 82b, 1708 premenopausal women 
with high-risk stage II–III breast cancer who had undergone 
mastectomy with axillary lymph node dissection (ALND) 
were assigned to receive either eight cycles of cyclophos-
phamide, methotrexate, and fluorouracil (CMF) plus chest 
radiation or nine cycles of CMF alone. Women were fol-
lowed over ten years to assess locoregional recurrence 
(LRR), distant metastases, disease-free survival (DFS), and 
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OS. PMRT showed a significant benefit in rates of LRR, 
DFS, and OS. While distant metastasis occurred more fre-
quently in the RT group, when all sites of recurrence were 
evaluated as the probability of DFS, PMRT plus CMF 
patients had significantly better DFS than patients treated 
with CMF alone [3]. Similarly, DBCG 82c followed 1375 
postmenopausal women with high-risk breast cancer sta-
tus post-mastectomy with ALND over 10 years to assess 
the benefit of randomly assigned adjuvant tamoxifen plus 
PMRT compared to tamoxifen alone. Again, LRR, DFS, 
and OS showed a significant benefit of PMRT with sys-
temic therapy over systemic therapy alone, though distant 
metastasis occurred more frequently in the RT group [4]. 
In both studies, OS after 10 years favored PMRT plus CMF 
or tamoxifen over systemic therapy alone. Neither study 
included short-term and long-term complications (such as 
lymphedema, cardiotoxicity, or lung fibrosis) in their pri-
mary analyses. Notably, systemic therapy in both trials was 
given for a shorter duration than what is currently standard 
practice [3, 4].

The British Columbia Randomized Trial further evalu-
ated the survival impact of locoregional RT with mastec-
tomy and adjuvant chemotherapy, across a 20-year follow-
up period. The study included 318 premenopausal women 
with node-positive breast cancer treated with mastectomy, 
axillary node dissection, and adjuvant chemotherapy, which 
were randomized to receive PMRT or chemotherapy alone. 
At the 15-year follow-up interim, results showed that RT 
was significantly associated with reductions in breast cancer 
mortality and recurrence, but improvement in OS was not 
statistically significant. However, at the 20-year analysis, 
the study found that PMRT with adjuvant chemotherapy 
did offer long-term survival benefit, in addition to delays 
in breast cancer-related events. The relative magnitude of 
benefit was similar for patients with one to three positive 
axillary lymph nodes and those with four or more positive 
nodes. Ultimately, it was determined that in selected high-
risk patients with breast cancer, routine use of adjuvant RT 
in addition to adjuvant chemotherapy is indicated as it sub-
stantially reduces mortality [5].

Finally, in 2014 the Early Breast Cancer Trialists’ Col-
laborative Group (EBCTCG) conducted a meta-analysis of 
22 randomized trials including a total of 8135 women which 
evaluated the effect of RT after mastectomy and axillary 
dissection. They found that for women with ALND and no 
positive nodes, RT had no significant effect on LRR, overall 
recurrence, or breast cancer mortality. However, for women 
found to have 1–3 positive nodes on ALND, as well as those 
with 4 or more positive nodes, PMRT offered statistically 
significant benefit in all three endpoints, even when sys-
temic therapy (chemotherapy or endocrine therapy) was 
given [1, 7]. Many of the trials included 20-year follow-up 
periods, providing information about the long-term benefits 

of RT for women with various levels of lymph node involve-
ment. While advances in screening and treatment of breast 
cancer have reduced the absolute risks of breast cancer 
recurrence and mortality since many of these trials were 
conducted, thus reducing the absolute benefit of PMRT, over 
the same period RT techniques have also improved and have 
increased the proportional benefits of PMRT compared to 
those reported in the trials.

Intermediate‑Risk Breast Cancer

Since the landmark historical trials that demonstrated benefit 
to PMRT, there have been consistent improvements in breast 
cancer detection, pathologic evaluation of lymph nodes, sur-
gical and RT techniques, and systemic treatment advances 
that have all contributed to improved outcomes for breast 
cancer patients. This has led to the re-evaluation of PMRT 
in certain node-negative patients and those with 1–3 positive 
lymph nodes. Without randomized evidence specific to these 
populations to guide recommendations, we are left with the 
many retrospective series published on T1-2N0, T3N0, and 
T1-2N1 patients to inform PMRT decisions.

Retrospective series of patients with T1-2N0 breast can-
cer treated with mastectomy have reported low overall rates 
of LRR with most estimates of 10-year LRR around 4–8% 
[8–11]. However, many studies have consistently identified 
factors associated with increased risks of LRR to be young 
age (generally < 40 or < 50), larger tumor size (≥ 2 cm), high 
grade, lymphovascular invasion, triple-negative receptor sta-
tus, and close or positive margins. For patients with multiple 
risk factors, the 10-year LRR estimates are frequently > 10% 
and sometimes up to 40% with the majority of these recur-
rences on the chest wall [8–12]. Therefore, while PMRT 
is not routinely recommended for these patients, in select 
cases with multiple risk factors for increased LRR it may 
be considered.

Patients with node-negative disease and tumors ≥ 5 cm 
(pT3N0) represented just 3.5% of those treated on the 
National Surgical Adjuvant Breast and Bowel Project clini-
cal trials B-13, B-14, B-19, B-20, and B-23 who under-
went mastectomy without PMRT [13]. In this retrospective 
analysis, the 10-year LRR rate was 10% on trials starting 
1981–1991 [13]. A separate retrospective analysis of more 
contemporary patients treated from 2000 to 2016 noted 
8-year LRR rates of 2% with PMRT and 8.7% without 
PMRT (although not statistically significant) [14].

Patients with node-positive disease are known to have 
higher rates of LRR. The EBCTCG meta-analysis of trials 
starting between 1964 and 1986 reported a 10-year LRR 
of 20.3% in patients with 1–3 positive lymph nodes that 
did not receive PMRT [1]. More modern series for patients 
with 1–3 positive lymph nodes treated with mastectomy and 
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without PMRT note 10-year LRR estimates of < 10% and 
typically < 5% [15–19]. Similar to the node-negative setting, 
younger age, lymphovascular invasion, larger tumor size, 
and high grade were associated with increased risk of LRR 
in addition to > 1 nodal positivity and extracapsular exten-
sion [15–19]. Of note, some series reported similar rates 
of LRR between those patients who received PMRT and 
those who did not, but those selected for PMRT in these 
non-randomized series were more likely to have multiple 
high-risk features noted above and therefore were at higher 
baseline risk [15, 18, 19].

The type of pathologic axillary evaluation also mer-
its consideration in deciding on PMRT with the increas-
ing utilization of the less morbid SLNB over ALND after 
the publication of the ACOSOG Z0011, AMAROS, and 
OTOASOR trials [20–22]. Further, the AMAROS and 
OTOASOR trials demonstrated similarly low axillary recur-
rence rates in pathologic node-positive patients following 
sentinel lymph node biopsy (SLNB) treated with either com-
pletion ALND or regional nodal irradiation, with signifi-
cantly less lymphedema noted in the patients managed with 
SLNB and RT [20, 21]. Importantly approximately 30–40% 
of patients with a positive sentinel lymph node had addi-
tional lymph nodes involved on ALND with 10–20% ulti-
mately having 4 or more total positive lymph nodes [20–22]. 
This risk of additional axillary disease should be consid-
ered when deciding on PMRT in a patient for whom comple-
tion ALND is not planned. A recently published screening 
trial sought to prospectively compare lymphedema develop-
ment among SLNB alone, ALND alone, SLNB with RT, 
and ALND with RT, and found that the 5-year cumulative 
incidence rates were, respectively, 8.0%, 24.9%, 10.7%, and 
30.1%. The study results demonstrated that while RT slightly 
increased lymphedema risk, the more salient risk factor 
associated with lymphedema development was ALND [23].

Indications

Two major practice guidelines exist to guide the selection 
of patients who may benefit from PMRT. First, the National 
Comprehensive Cancer Network (NCCN) Guidelines Ver-
sion 7 2021 offers indications for RT following total mas-
tectomy with surgical axillary staging, based on tumor size, 
node status, and margins. The recommendations are the 
same for mastectomy with or without reconstruction, as well 
as skin-sparing vs. standard mastectomy [24].

In patients with negative axillary nodes, tumor ≤ 5 cm, 
and negative margins ≥ 1 mm, PMRT is generally not 
recommended, although it may be considered in patients 
with multiple high-risk recurrence factors, such as cen-
tral/medial tumors or tumors ≥ 2  cm with < 10 axil-
lary nodes removed and either grade 3, ER-negative, or 

lymphovascular invasion. In all patients with tumor > 5 cm 
or margins < 1 mm, RT to the chest wall should be consid-
ered. Additionally, for those patients with tumors > 5 cm 
and/or patients with 1–3 positive axillary nodes, physi-
cians should consider the addition of RT to the supracla-
vicular/infraclavicular regions, internal mammary nodes, 
and any part of the axillary bed at risk. RT to the chest 
wall and the supraclavicular/infraclavicular regions, 
internal mammary nodes, and any part of the axillary bed 
at risk are indicated in patients with 4 or more positive 
axillary nodes. For any patient with positive margins, the 
NCCN guidelines recommend re-excision to negative mar-
gins if possible; if not feasible, RT to the chest wall and 
supraclavicular/infraclavicular regions, internal mammary 
nodes, and any part of the axillary bed at risk are strongly 
recommended.

The second major guideline comes from a collaboration 
between the American Society of Clinical Oncology, Ameri-
can Society for Radiation Oncology, and Society of Surgical 
Oncology. Their joint clinical practice guideline (updated 
9/18/2016) focused on three clinical treatment scenarios 
[25].

For patients with T1-2 tumors with 1–3 positive axillary 
lymph nodes who undergo ALND, the decision to recom-
mend PMRT should be based on multidisciplinary clinical 
judgement. There is strong evidence that PMRT reduces the 
risk of LRR, any disease recurrence, and breast cancer mor-
tality for this subset of patients, but in patients with low risk 
of LRR, the additional benefit of PMRT is outweighed by its 
potential toxicities. Therefore, physicians must assess indi-
vidual patient risk (such as patient characteristics, comor-
bidities, tumor burden, and cancer biology as highlighted 
earlier) as well as the patient's own estimation of sufficient 
benefit in order to make a final treatment recommendation.

For patients with T1-2 tumors with a positive sentinel 
node biopsy who do not undergo completion ALND, physi-
cians must weigh the potential toxicities of PMRT against 
those of ALND in making their recommendation [23]. 
PMRT should be used as long as sufficient evidence exists 
to justify its use without knowing that additional nodes are 
involved. If a physician would not recommend PMRT if the 
patient had undergone simultaneous ALND and no addi-
tional nodal metastases were found, then that patient should 
undergo ALND rather than PMRT alone.

In patients with clinical stage I or II cancers who have 
persistent axillary nodal disease after neoadjuvant systemic 
therapy, PMRT should be administered. In those patients 
with clinically negative nodes who receive neoadjuvant sys-
temic therapy or those with a complete pathologic response 
in the axilla to neoadjuvant systemic therapy, there is insuf-
ficient evidence to recommend administration or omission of 
PMRT, though this is being investigated in the recently com-
pleted NSABP B-51/RTOG 1304 trial [26]. These patients 
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seem to have low rates of LRR, but it is not clear whether 
some of these patients may still benefit from PMRT.

Finally, the joint practice guideline recommended that 
regional nodal irradiation should include both the internal 
mammary and supraclavicular–axillary apical nodes, in 
addition to the chest wall/reconstructed breast. While certain 
subgroups of patients may derive limited benefit of treatment 
to either or both of these areas while incurring additional 
toxicity, there is insufficient data at present to determine 
which patients should undergo irradiation of only one or 
neither of these areas.

Active Investigation and Future Directions

Hypofractionation

Following publication of the British START A and B tri-
als, the paradigmatic fractionation schedule in the post-
mastectomy setting was brought into question [27, 28]. At 
present, standard fractionated (SF) irradiation is convention-
ally delivered to the chest wall in 25 to 28 fractions at 1.8 to 
2 Gy per day with or without regional nodal irradiation [29, 
30••, 31, 32]. Alternatively, hypofractionated (HF) irradia-
tion is a shorter-course approach consisting of higher doses 
per fraction, typically greater than 2.0 Gy per day, resulting 
in fewer total treatments [32–34].

While the results of the START A and B studies sup-
ported HF use after breast-conserving surgery (BCS), the 
proportion of participants who underwent mastectomy was 
only 8–15% and questions regarding the safety and effi-
cacy of HF irradiation after mastectomy remain for some 
[27–29, 30••, 34]. A randomized phase III trial published in 
2019 sought to determine 5-year LRR in post-mastectomy 
patients without reconstruction assigned to HF irradiation 
(43.5 Gy in 15 fractions) compared to SF irradiation receipt 
(50 Gy in 25 fractions). No significant differences were dem-
onstrated in LRR, DFS, or OS. Furthermore, toxicity profiles 
were equivalent between cohorts with the exception of fewer 
cases of grade 3 acute skin toxicity in the HF cohort [30••]. 
The prospect of shortened PMRT duration could increase 
accessibility and compliance while reducing costs and 
resource expenditure [29].

Breast Reconstruction

The optimal timing and type of breast reconstruction for irra-
diated patients remain an area of active study. Autologous 
flap reconstruction and implant-based breast reconstruction 
(IBBR) are both susceptible to contracture, suboptimal cos-
mesis, and reconstructive failure in the setting of RT; how-
ever, the concatenation of IBBR and PMRT has been associ-
ated with higher morbidity rates and lower patient-reported 

satisfaction [35–38, 39•]. A recent network meta-analysis 
found autologous reconstruction prior to PMRT correlated 
with improved rates of reconstruction failure and surgical 
site infections [39•]. Nonetheless, the preferred approach to 
reconstruction timing remains inconclusive, and collective 
evidence shows practice patterns vary considerably by insti-
tution [38, 39•, 40]. Furthermore, immediate reconstruction 
poses a salient challenge to radiation oncologists related to 
treatment planning and technical considerations.

There are multiple randomized trials actively investi-
gating the trade-offs of PMRT dose and fractionation on 
reconstruction complication rates and oncologic outcomes. 
Participants with planned chest wall reconstruction enrolled 
in the RT CHARM study (Alliance A221505; ClinicalTri-
als.gov identifier: NCT03414970) are designated to receive 
either SF irradiation over 5–6 weeks or HF irradiation over 
3–4 weeks. Likewise, the FABREC trial (ClinicalTrials.gov 
identifier: NCT03422003) randomly assigns patients under-
going immediate IBBR to receive conventional or HF radio-
therapy. Findings of these and other studies will conceivably 
address the ambiguity surrounding PMRT management of 
the reconstructed breast.

Tumor Biology

Genomically guided RT in breast oncology  incorpo-
rates tumor biology to facilitate personalized  cancer 
treatment  strategies [41]. There is  speculation that  risk 
stratification based on biological factors could identify 
subgroups of patients who may safely forgo PMRT. The pri-
mary outcome of the TAILOR RT  trial (ClinicalTrials.
gov identifier: NCT03488693) is  recurrence-free inter-
val in patients with intermediate-risk breast cancer rand-
omized to either regional RT or no RT. Patients with hor-
mone-positive, HER2-negative, pT3N0 disease or pT1-2N1 
disease, with an Oncotype DX recurrence score ≤ 25 treated 
with  BCS  or mastectomy, are eligible to enroll. The 
SUPREMO trial randomly assigned women treated with 
mastectomy for intermediate-risk breast cancer (pT2N0 
grade III or with lymphovascular invasion, pT3N0, or pT1-
2N1) to receive PMRT or no chest wall irradiation [42•]. 
Long-term data from these two studies will provide further 
insight into the impact of PMRT on the treatment of inter-
mediate-risk breast cancers.

Alternately, the question has been raised whether PMRT 
should be administered to select patients with node-nega-
tive T1-2 disease and adverse prognostic features. PMRT 
is not routinely recommended for early-stage breast can-
cer without nodal involvement as cumulative LRR is rela-
tively low. The impact of irradiation in the presence of multi-
ple high-risk factors, such as lymphovascular invasion, high 
histological grade, young age, or premenopausal status, is a 
subject of ongoing research [34, 43–45]. Considering the 
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heterogeneous nature of breast cancer the integration of bio-
logical parameters into PMRT decision-making could 
potentially enhance clinical outcomes while eliminating 
overtreatment.

Special Considerations

Inflammatory Breast Cancer

The aggressive biologic properties and tendency toward 
rapid progression have made the management of inflamma-
tory breast cancer (IBC) a therapeutic challenge. The con-
temporary trimodality therapy (neoadjuvant chemotherapy, 
modified radical mastectomy, and PMRT) approach to non-
metastatic IBC confers a survival advantage when compared 
to receipt of one or two treatment modalities [46–48]. RT 
delivery in the setting of IBC varies across institutions with a 
multiformity of PMRT techniques and doses described in 
the literature [49–52]. Examples of regimen modifications 
include dose intensification with or without acceleration, 
twice-daily treatments, overlapping field junctions, and 
tissue-equivalent bolus to broaden skin coverage [52, 53]. 
Retrospective reviews have described a benefit to chest-wall 
radiation dose escalation from 60 to 66 Gy for IBC patients 
with  close or positive margins,  patients  younger than 
45 years, and patients with a poor response to systemic 
therapy [49, 53]. The co-administration of a radiosensitiz-
ing agent while undergoing PMRT is emerging as a novel 
strategy to treat IBC [54–56].

PMRT Technique

Among the various PMRT techniques,  three-dimen-
sional conformal RT with photon tangents is the most fre-
quently used due to widespread availability, low cost, and 
technical ease in setup, planning, and reproducibility [34]. 
While virtual wedges and field-in-field techniques allow for 
adequate dose distribution to the chest wall with relative 
sparing of the heart and lungs in most patients, there may 
be clinical scenarios where additional beam modulation or 
arc therapy is beneficial (i.e., extreme curvature of the chest 
wall, close proximity of the heart to the chest wall, deep 
target internal mammary nodes, gross residual disease). 
A general trade-off with these other photon techniques is 
that there is almost always a larger volume of normal tis-
sue receiving low doses of RT that may increase secondary 
cancer risk [57].

Proton particle therapy with sharp dose falloff and 
finite range due to the physical properties of the beam pro-
vides a theoretical benefit with this technique to spare 
the deeper heart and lungs from RT and is an ongoing area 
of investigation [58]. A recent prospective phase 2 clinical 

trial of 69 patients who received regional nodal irradiation 
including the internal mammary nodes demonstrated low 
doses to the deep normal tissues with a mean heart dose of 
0.5 Gy and ipsilateral lung V20Gy of 14.5% (relative bio-
logical effectiveness) with an acceptably low 5-year LRR 
of 1.5% [59••]. Acute toxicity was comparable to that seen 
with photon tangents but there was a higher rate (7%) of 
grade 1 rib fracture noted, perhaps owing to the increase 
in  effective dose  associated with the  end of the proton 
beam, which generally falls within the ribs and intercostal 
space as the dose is pulled away from the deeper heart and 
lungs. This potential trade-off in toxicity warrants contin-
ued investigation [59••]. The accruing RadComp trial is a 
pragmatic, randomized Phase 3 photon versus proton clinical 
trial with primary aim to assess reduction in major coronary 
events with the use of protons and secondary aim to assess 
non-inferiority of proton versus photon RT in reducing the 
risk of breast cancer recurrence and will offer further evi-
dence for the potential benefits of proton RT [60].

The use of bolus with PMRT to generate a brisk desqua-
mation skin reaction, a prior dogmatically pursued goal, has 
also recently been questioned, and the practice is waning 
with significant decreases in LRR rates with modern thera-
pies [61]. In fact, a large retrospective series from Canada 
noted low rates of 10-year LRR overall (upper bound of 
2.7% 95% confidence interval) in patients treated with mod-
ern systemic therapies and PMRT [62]. Further, the 10-year 
LRR with bolus was 1.9% and was 0.9% without bolus and 
the use bolus was not associated with better local control or 
breast cancer mortality in multivariate analysis controlling 
for clinicopathologic factors [62]. However, while routine 
use of bolus is likely unnecessary, common indications for 
bolus to achieve adequate skin dose are direct skin involve-
ment, positive margins, or IBC.

Conclusion

Trends in PMRT application and utilization are dynamic 
and continue to evolve with the ever-changing landscape 
that is breast cancer treatment. Consensus guidelines from 
NCCN and ASTRO/ASCO are helpful in the context of ever-
expanding data evaluating the efficacy of PMRT, but the 
benefits of PMRT in certain subgroups of patients remain 
to be defined. Ongoing clinical trials will help refine future 
guidelines, including guidance about dose and fractionation 
schedules, and genomically guided, risk-stratified recom-
mendations represent an emerging area of treatment per-
sonalization anticipated in the coming years.

Supplementary Information  The online version contains supplemen-
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