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Abstract
Purpose of Review Neoadjuvant chemotherapy (NAC) utilization is an important part of breast cancer therapy. Recent 
advances call into question the optimal role of radiotherapy after NAC, as many radiation studies were performed without 
NAC. This review was conducted to understand the current data, outstanding questions and ongoing trials related to radio-
therapy after NAC.
Recent Findings Response to NAC is associated with promising clinical outcomes, particularly in triple-negative and HER2+ 
breast cancer. Retrospective data suggest that modification of radiotherapy based on tumor response to NAC may be appropri-
ate, though caution is advised without prospective randomized evidence. NSABP B-51 and Alliance A011202 will investigate 
the management of nodal disease in this setting. Future trials will examine the optimal sequencing of treatments.
Summary The personalization of adjuvant radiotherapy based on response to neoadjuvant chemotherapy is an attractive 
goal that is currently being evaluated in multiple clinical trials, including NSABP B-51.
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Introduction

The use of neoadjuvant chemotherapy (NAC) for breast 
cancer is growing. First utilized in the 1970s [1], NAC 
is now utilized in over 20% of breast cancer cases, 

particularly in the setting of a large primary tumor or clini-
cally positive lymph nodes (cN+) [2]. Potential benefits 
of NAC include improved operability [3] (downstaging 
of breast and axillary disease leading to de-escalation of 
surgery), improved cosmesis [4] (decreased size of neces-
sary surgical resection), acquisition of valuable prognostic 
information based on response status, avoidance of axil-
lary lymph node dissection (ALND), and the ability to 
personalize adjuvant systemic therapy [5, 6]. Patients with 
tumors that respond well to NAC—particularly those with 
triple-negative breast cancer (TNBC) or HER2+ disease—
have improved clinical outcomes compared to those who 
do not respond [1, 7, 8]. The reasons for the prolifera-
tion of NAC include the progressive recognition of these 
benefits, improvements in up-front staging techniques, 
improvement in molecular stratification, and development 
of targeted therapies that improve NAC efficacy.

The incorporation of NAC calls into question many 
existing treatment paradigms. The benefit of radiotherapy 
(RT) after breast cancer surgery has been well-established 
in the adjuvant setting [9–11], but the utilization of NAC 
has led to many unanswered questions. In particular, the 
role of RT in the setting of clinical or pathologic complete 
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response (cCR or pCR) after NAC is debated. This review 
seeks to summarize the current body of evidence sur-
rounding NAC and RT and highlight the open questions 
that are currently under study.

Rationale for Neoadjuvant Systemic Therapy

The benefits of NAC have been studied in many trials. 
NSABP B-18 and B-27 examined the sequencing of sys-
temic therapy and surgery [12, 13]. These trials are useful 
for the study of RT after NAC because of the uniform-
ity of RT use; lumpectomy patients were given adjuvant 
whole breast irradiation (WBI), mastectomy patients did 
not receive any adjuvant RT, and regional nodal irradia-
tion (RNI) was not permitted. B-18 randomized 1,523 
patients with operable breast cancer to pre-operative or 
post-operative chemotherapy [12]. After 9 years of follow 
up, there was no statistically significant difference in ipsi-
lateral breast tumor recurrence (IBTR), overall survival 
(OS), or disease-free survival (DFS), although there was 
a trend for improved survival in favor of younger patients 
who received NAC [3]. The NAC group had more lumpec-
tomies than the adjuvant chemotherapy group (67.8% vs 
59.8, statistical significance not reported), emphasizing 
the ability of NAC to downstage the extent of disease and 
allow for breast conservation. Patients with a clinical or 
pathologic response after NAC had significantly improved 
survival outcomes compared to those without a response.

In B-27, 2411 patients with operable breast cancer 
were assigned to three treatment groups, all of which fea-
tured doxorubicin (Adriamycin) and cyclophosphamide 
(AC). One treatment arm received docetaxel in addition to 
AC, which resulted in a significantly increased cCR rate 
(40.1% vs 63.6%, p < 0.001) and pCR (13.7% vs 26.1%), 
but not DFS [14]. Similar to B-18, pCR was predictive 
of OS (HR = 0.36, p < 0.001) [15]. A combined analysis 
of all patients who received NAC in these trials demon-
strated a 10-year locoregional recurrence (LRR) of 11.1% 
[16]. Factors associated with increased risk of LRR were 
age ≥ 50, tumor size > 5 cm, cN+ prior to NAC, lack 
of pCR, and pathologically involved lymph nodes after 
NAC (ypN+). For cN+ patients who underwent breast 
conserving therapy (BCT)—consisting of lumpectomy 
and ALND followed by WBI—and achieved a pathologic 
complete response in the breast and axillary lymph nodes, 
the 10-year risks of IBTR was 6.8%, and regional nodal 
recurrence was 1.1%. Overall, the risk of LRR was sig-
nificantly decreased with increasing response to NAC. 
A 2018 meta-analysis that included 10 randomized trials 
(including B-18) compared patients who received NAC 
with adjuvant chemotherapy [1]. The results demonstrated 

that NAC was associated with a 28% cCR, an increased 
frequency of BCT compared to adjuvant chemotherapy 
group (65% vs 49%), and an increased risk of local 
recurrence (21.4% vs 15.9%, p < 0.001). There was no 
increased risk of distant metastasis (DM) or breast-cancer 
mortality (BCM). A complete response to NAC was asso-
ciated with a lower risk of DM and BCM. The authors 
surmised that the increased risk of local recurrence may 
have been due to inappropriate selection for BCT or dif-
ferences in axillary staging and RT. Despite this caution-
ary finding, these trials support that NAC can lead to an 
increased frequency of lumpectomies and provide valu-
able prognostic information regarding local recurrence 
and survival. In some cases, this information leads to per-
sonalization of adjuvant systemic therapies, which can be 
associated with improved outcomes, including DFS and 
OS [5, 6]. Current national guidelines support the use of 
NAC in patients with inoperable disease, bulky lymphad-
enopathy, large primary tumors, a likely delay in surgery, 
and most TNBC and HER2+ disease ≥ cT1cN0 [17].

Rationale for Adjuvant Radiotherapy

Decades of data have demonstrated that BCT is a safe alter-
native to mastectomy in early stage breast cancer [10, 18, 
19]. Though dosing and fractionation continue to evolve, the 
standard of care adjuvant RT regimen following lumpectomy 
is WBI (or accelerated partial breast irradiation [APBI] in 
select situations). Post-mastectomy radiotherapy (PMRT) 
includes irradiation of the chest wall and regional lymph 
node basins after mastectomy. The decision to prescribe 
adjuvant RT is based on a variety of factors, including risk 
for recurrence, performance status, type of axillary man-
agement (ALND vs SLNB), reconstruction plan, financial 
toxicity, and distance from care. In general, WBI with RNI 
and PMRT are recommended after their respective surger-
ies if lymph nodes are positive for disease prior to surgery 
or were involved on final pathology. This has been shown 
to reduce the risk of regional recurrence, DM, and BCM 
[20, 21]. Patients without clinical, radiographic, or path-
ologic evidence of lymph node involvement are typically 
not offered RT regimens that cover nodal regions. With the 
improvement and proliferation of NAC, however, the field 
is evaluating the value and sequencing of adjuvant RT in the 
setting of clinical and pathologic response.

Nodal Irradiation

The National Comprehensive Cancer Network (NCCN) 
guidelines currently recommend adjuvant WBI and a 
strong consideration of RNI in the setting of cN+ disease 
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prior to any therapies. This recommendation is likely influ-
enced by multiple large trials such as MA.20 and EORTC 
22922/10925, which demonstrated improved rates of local 
recurrence and breast cancer mortality with RNI [20, 21]. 
However, the strength of the recommendation for RNI in the 
setting of complete pathologic lymph node response after 
NAC (ypN0) is controversial [17, 22••]. Although this 
question has not been answered directly by a randomized 
clinical trial, several trials can give insight into modern 
rates of pathologic response to NAC and evolving practice 
patterns.

The NSABP B-40 and B-41 trials examined the effi-
cacy of bevacizumab (anti-VEGF) and lapatinib (anti-
HER2), respectively, as part of an NAC regimen [23, 24]. 
Although adjuvant WBI was mandated after lumpectomy, 
RNI and PMRT were prescribed based on physician dis-
cretion. Both trials included patients with T2-T3, N0-N2a 
disease (B-40 also included T1c). In an analysis that 
combined results from both trials, RNI was found to have 
been performed in 50.8% of patients, including 64.2% of 
patients with cN+ disease and 37.9% of patients with cN0 
disease. Multivariable analysis confirmed that patients 
with cN+ disease, lack of axillary pCR, non-Hispanic 
ethnicity, TNBC, and HER2+ disease were more likely to 
receive RNI [25]. B-40 reported a 30.8% pCR rate in the 
breast [23, 25]. B-41 reported rates of pCR in the breast 
and nodes as 49.4% (trastuzumab alone), 47.4% (lapatinib 
alone), and 60.2% (trastuzumab and lapatinib). Among 
patients with cN+, ypN0 disease, the risk of 5-year LRR 
was 1.47% in B-40 and 0.0% in B-41, compared to cN+, 
ypN+ patients with a 2.5% and 1.3% 5-year LRR, respec-
tively [25]. Subgroup analyses demonstrated that RNI 
improved LRR for women with HR+ ypN+ disease on 
B-40 and improved OS for women with ypN+ disease on 
B-41, but for the entire cohort, RNI was not associated 
with improvements in LRR, DM, DFS, or OS.

Tailoring adjuvant RT to patient risk status was studied 
in the RAPCHEM trial. This trial was a prospective regis-
try study assessing adjuvant RT de-escalation for lower risk 
patients that stratified patients with cT1-2N1 breast cancer 
after NAC and surgery by risk for LRR [26•]. For low-risk 
patients, defined as ypN0, the recommendation was for omis-
sion of RNI after lumpectomy and omission of PMRT after 
mastectomy. Axillary lymph node dissection (ALND) was 
performed in 81% of the study cohort. For the entire cohort, 
5-year LRR was 2.2%. This rate was not significantly different 
between the risk groups (2.1% low risk, 2.2% intermediate 
risk, 2.3% high risk). Though approximately 37% of low-risk 
patients received more RT than specified by the study guide-
lines, this did not significantly alter the 5-year LRR rates.

An additional study analyzed RT patterns on ACOSOG 
Z1071, which examined the role of SNLB after NAC in patients 
with cN+ disease [27••, 28]. After multivariate analysis, RNI/

PMRT was associated with improved 5-year LRR (HR 2.35, p 
= 0.018), but no improvement in OS, DFS, or BCSS in patients 
with residual nodal disease after neoadjuvant chemotherapy. 
The subset of patients with ypN0 disease did not experience 
this benefit. In this group, omission of PMRT for mastectomy 
patients was not associated with a statistically significant detri-
ment in 5-year LRR (100% PMRT vs 96.2% no PMRT, p value 
not reported). Omission of RNI after lumpectomy had a similar 
LRR (90.1% RNI vs 94.6% no RNI, p = 0.51). Patients with 
TNBC who underwent mastectomy (13.6% of the entire cohort) 
had higher numerical 5-year LRR when nodal irradiation was 
omitted (100% +RNI vs 90.4% − RNI), though this did not 
reach statistical significance.

As discussed by Marks et al., caution must be taken with 
de-escalation in this setting [22••]. A subgroup analysis of 
the Danish DBCG82 b&c trials demonstrated that those at 
the lowest risk for metastatic spread were actually the ones 
with the largest DFS and OS benefit from PMRT [29]. In a 
series from MD Anderson, 1289 women with stage II–III 
breast cancer received NAC followed by BCS/mastectomy 
and ALND +/- adjuvant radiotherapy. Among the 28.5% of 
ypN0 patients, RNI was not associated with an improvement 
in any disease recurrence (20.3% no RNI vs 15.9% for RNI, 
p = 0.25), indicating that RNI could possibly be omitted in 
this population. However, on multivariate analysis for the 
entire cohort, there was a 10-year LRR and DM benefit with 
RNI (LRR HR 0.497, 95% CI 0.279–0.884; DM HR 0.731, 
95% CI 0.541–0.988) [30]. With such a strong HR indicating 
benefit of RNI in the whole population, subgroup analyses 
must be validated with prospective randomized trials before 
definitive conclusions can be drawn.

Two ongoing trials will provide high-level evidence regard-
ing nodal management after NAC. The first, NSABP B-51, 
is a de-escalation study designed to evaluate the efficacy of 
nodal irradiation (PMRT after mastectomy and RNI after 
lumpectomy) in reducing the risk of recurrence in patients 
with cT1-3N1 disease who undergo NAC and are found to 
be ypN0 [31••]. Patients who undergo mastectomy are rand-
omized to PMRT vs no PMRT and lumpectomy patients are 
randomized to WBI + RNI vs WBI alone. The primary study 
endpoint is invasive breast cancer recurrence-free interval 
(IBC-RFI). Secondary endpoints include OS, locoregional 
recurrence-free interval, distant recurrence-free interval, tox-
icity, and quality of life outcomes. This is a superiority trial, 
with nodal irradiation as the experimental arm. The results 
of this trial will provide level I evidence for or against the 
utility of nodal irradiation in patients with cN1, ypN0 dis-
ease. The second trial, Alliance A011202, was designed to 
answer a slightly different question [32••]. A similar popu-
lation of patients with cT1-3N1 disease who undergo NAC 
will be evaluated, but only those who have a positive SLNB 
will be included. The randomization is to completion ALND 
+ WBI + RNI vs WBI + RNI. As most historical RNI trials 
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were done in the setting of ALND, this trial is important for 
assessing the role of RNI in the setting of axillary staging 
de-escalation. The primary outcome is invasive breast can-
cer RFI. Secondary outcomes include OS, lymphedema, and 
residual cancer burden (RCB). This non-inferiority trial will 
help us understand whether patients with cN1 disease who 
have a positive SLNB can undergo RT alone and omit com-
pletion ALND without compromising their risk of recurrence.

Breast Irradiation

The value of adjuvant RT to the breast after lumpectomy was 
quantified in a 2011 EBCTCG meta-analysis, which dem-
onstrated a long-term relative LRR benefit of approximately 
50% [33]. A strong benefit from WBI was observed across 
many subgroups based on age, tumor grade, receptor status, 
and nodal status. Mortality benefits were also observed. The 
study concluded that for every four recurrences avoided at 
5 years, one breast cancer death would be prevented at 15 
years. Even though patients from this meta-analysis were 
treated prior to 2000, the paradigm is generally unchanged. 
However, current improvements in NAC, including targeted 
therapies such as anti-HER2 agents, have caused investiga-
tors to consider the omission of RT to the breast after NAC 
and lumpectomy in initially clinically node-negative patients 
with pCR for certain low-risk groups. To this end, NRG 
BR008 is a multi-institutional effort to study omission of 
WBI in a specific population of low risk, HER2+ breast 
cancer patients. This subset of patients, some of whom will 
undergo NAC with chemotherapy and anti-HER2 agents, 
will be randomized to adjuvant WBI or omission of adjuvant 
WBI. The primary outcome of the study is RFI. By demon-
strating the non-inferiority of RT omission in this setting, 
patients could experience significant improvements in long-
term side effects, cosmesis, and financial toxicity.

Sequencing of Radiotherapy and Other 
Adjuvant Therapies After NAC

As the appropriate subset of patients for whom NAC should 
be utilized continues to be refined, there has been devel-
opment of additional adjuvant therapies. Several trials in 
the last decade have demonstrated benefits from adjuvant 
therapies after NAC and definitive therapy [6, 34, 35]. With 
multiple effective adjuvant treatments, including RT and 
various systemic agents, optimal sequencing is important. 
Relative safety of concurrent RT and endocrine therapy has 
previously been demonstrated [36], but the safety profiles 
of newer therapies in conjunction with RT are still being 
evaluated. One of these treatments is trastuzumab emtansine 
(T-DM1), which was studied in the phase III KATHERINE 
trial [35]. Patients with early stage, HER2+ breast cancer 

who underwent NAC and were found to have residual dis-
ease in the breast or axilla were randomized to receive 14 
cycles of trastuzumab vs T-DM1. RT was recommended per 
study protocol to start within 60 days of surgery and be given 
concurrently with T-DM1. In terms of toxicity, radiation 
pneumonitis was observed in 1.5% of patients in the T-DM1 
arm compared to 0.7% in the trastuzumab arm. A radiation-
related skin injury occurred in 1.4% of the T-DM1 arm com-
pared to 1.0% of the trastuzumab arm. These numbers are 
small and appear to suggest that concurrent RT and T-DM1 
should be acceptable. However, a case report based on clini-
cal experiences from the Mayo Clinic raised a concern that 
concurrent T-DM1 may have contributed to more radiation 
dermatitis than documented on study [37]. The authors note 
that low overall rates of any-grade radiation dermatitis (< 
30% in both arms) indicate that skin toxicities may not have 
been appropriately graded, as higher rates of low-grade skin 
toxicity would be expected for patients undergoing adju-
vant RT. They hypothesized from their own clinical experi-
ence that the conjugated component of T-DM1, emtansine 
(a microtubule inhibitor), may cause more radiosensitiza-
tion than previously thought. Similarly, a small case series 
from France found that concurrent T-DM1 and stereotactic 
radiosurgery for metastatic breast cancer increased rates of 
radiation necrosis from 28.6 to 50%, compared to sequential 
treatment [38]. Concurrent T-DM1 and RT are likely safe 
for patients based on randomized data, but more follow-up is 
warranted to accurately classify the risk of toxicity.

The CREATE-X trial studied a similar use of adjuvant 
capecitabine in patients with HER2-negative disease with 
residual tumor found after NAC [6]. In patients with TNBC, 
capecitabine was found to increase DFS and OS compared to 
standard treatment without capecitabine. There was no recom-
mendation for timing of adjuvant RT on trial; it could be given 
before or after randomization. In practice, timing is based on 
institutional preference. Safety concerns are one of the main 
drivers behind recommendations of treatment sequencing, 
but clinical efficacy is another. Multiple studies suggest that 
concurrent capecitabine with RT can be delivered without 
additional severe toxicities [39, 40], and preclinical evidence 
suggests that capecitabine may be more effective if given with 
or after adjuvant RT [41]. Clinical trials are needed to evaluate 
safety and efficacy of various treatment sequences.

Another recent addition to the armamentarium of sys-
temic therapy is pembrolizumab from Keynote-522 [34]. 
In this phase III trial, patients with triple-negative breast 
cancer received NAC (including pembrolizumab vs pla-
cebo), definitive surgery, and then adjuvant pembrolizumab 
or placebo for up to nine cycles. This adjuvant systemic 
therapy could be started concurrently with RT or two weeks 
after completion of RT [42]. Radiation dermatitis was not a 
measurable endpoint in this study, but severe skin reaction 
was measured. A grade ≥ 3 severe skin reaction was present 
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in the pembrolizumab group in 4.7% of cases compared to 
0.3% of cases in the placebo group, though most of these 
reactions occurred in the neoadjuvant phase and thus can-
not be attributed to the deleterious effects of concurrent 
therapy. One grade 5 pneumonitis event was reported in the 
pembrolizumab group, though an increased risk of severe 
pneumonitis with neoadjuvant chemotherapy-immunother-
apy has not been convincingly demonstrated [43]. As more 
patients are treated with this regimen, institutional experi-
ences on toxicity will be important to understand the rare 
toxicities of combination therapy.

CDK4/6 inhibitors (CDK4/6i) are approved agents for 
ER+/HER2- locally advanced and metastatic breast can-
cer. Preclinical studies suggest that CDK4/6i may have 
radiosensitizing effects [44]. However, clinical toxicity data 
regarding CDK4/6i and RT are limited to case reports and 
small retrospective cohorts and appear to show mixed results 
[45]. Multiple ongoing, prospective clinical trials involving 
CDK4/6i and RT will provide more insight into efficacy and 
safety of this novel combination [46, 47].

PARP inhibitors indirectly limit the cell’s ability to repair 
double-strand DNA breaks, including those induced by 
radiotherapy [48]. In tumor cells with deficient DNA repair 
mechanisms (common in patients with BRCA mutations and 
TNBC) [49], this leads to increased radiotherapy efficiency 
[50]. A phase I trial has demonstrated the safety of RT and 
concurrent olaparib in TNBC [48]. The phase II TARA trial 
will evaluate the safety and efficacy of concurrent talazo-
parib and RT, followed by concurrent atezolizumab and RT 
in the setting of metastatic TNBC [51]. Southwest Oncology 
Group (SWOG) S1706 is a phase II clinical trial randomiz-
ing patients with inflammatory breast cancer who received 
NAC and surgery to standard adjuvant RT or standard adju-
vant RT with concurrent olaparib [52].

Lessons from these trials, and others, will assist in 
shaping maximally effective adjuvant therapy sequences. 
While there does not appear to be immediate toxicity con-
cerns regarding the sequencing of these adjuvant therapies 
with RT, accurate recording and reporting of toxicities are 
essential. Novel approaches that can safely enhance synergy 
between RT and additional adjuvant therapies are needed.

Future Directions

As pCR rates continue to improve and use of NAC contin-
ues to expand, an intriguing question arises: will omission of 
surgery become a feasible option for certain low-risk patients 
with a suspected complete response to NAC? If possible, this 
could potentially improve cosmesis, quality of life, sequelae 
from surgical complications, and financial toxicity [53]. To 
this end, NRG BR005 was designed [54] to be a two-stage, 
phase II trial which first sought to assess the accuracy of 

post-NAC tumor bed biopsies in patients with cCR to assess 
for residual disease. The prespecified negative predictive value 
(NPV) threshold for detecting residual disease was > 90%. If 
feasibility could be proven, the second part of the trial would 
assess if patients could proceed with definitive RT and avoid 
surgery. The primary analysis of 98 patients was presented in 
2019 and demonstrated a NPV of 77.5%, which was below the 
threshold value [54]. Only 50% of the patients with residual 
disease were identified on post-NAC biopsy. The study was 
terminated, and the efficacy of definitive RT was not evaluated. 
However, a study from MD Anderson used a combination of 
fine needle aspiration (FNA) and vacuum-assisted core biopsy 
(VACB) in a similar setting and found a NPV of 95% [53]. 
The same group completed a multi-institution, phase II trial 
for RT alone in patients who received NAC and were found to 
have a complete response after VACB of the tumor bed [55]. 
Definitive breast surgery was omitted in these patients, and they 
proceeded with WBI + boost. After 26.4 months of follow-up, 
LRR was 0% in 31 patients. Further follow-up is required to 
accurately gauge the efficacy of this technique. Breast conser-
vation therapy with the omission of surgery is not ready for 
prime time, but with continued improvements in neoadjuvant 
agents, imaging, biopsy techniques, and surveillance technolo-
gies, further study is merited. Circulating tumor DNA (ctDNA) 
may also be an important tool in adjuvant treatment decisions. 
ctDNA levels after NAC appear to be prognostic of recurrence 
risk and survival and may help identify patients who may or 
may not benefit from adjuvant RT [56–58]. As technologies and 
techniques develop, current treatment paradigms will continue 
to be challenged and improved.

Conclusions

Many breast cancer treatment paradigms have been disrupted 
with the proliferation of effective NAC and de-escalation of 
axillary staging. Recommendations for radiotherapy are subse-
quently evolving. Treatment plans that personalize the sequenc-
ing, coverage, dose, and concurrent systemic agents will replace 
standard adjuvant treatments. RT personalization will be based 
on factors such as molecular status, response to NAC, and 
patient preference, among others. It is essential that radiation 
oncologists work in a multi-disciplinary fashion in each step 
of clinical trial execution. The results of several ongoing trials, 
including NSABP B-51 and Alliance A011202, will provide 
high-quality, sought-after answers to many open questions.

Author Contributions BF, SB, and SJ planned the review and wrote the 
main manuscript text. All authors reviewed the manuscript.

Data Availability Data is available for use in the public domain as per-
mitted by Journal practices.



376 Current Breast Cancer Reports (2023) 15:371–378

1 3

Declarations 

Ethical Approval This article does not contain any studies with human 
or animal subjects performed by any of the authors.

Competing Interests Dr. Jhawar has funding from Varian Medical Sys-
tems. All other authors declare no competing interests.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

 References

Papers of particular interest, published recently, have 
been highlighted as:  
• Of importance  
•• Of major importance

 1. Early Breast Cancer Trialists' Collaborative Group (EBCTCG). 
Long-term outcomes for neoadjuvant versus adjuvant chemo-
therapy in early breast cancer: meta-analysis of individual patient 
data from ten randomised trials. Lancet Oncol. 2018;19(1):27–
39. https:// doi. org/ 10. 1016/ S1470- 2045(17) 30777-5.

 2. Aquina CT, Ejaz A, Tsung A, Pawlik TM, Cloyd JM. National 
trends in the use of neoadjuvant therapy before cancer sur-
gery in the US from 2004 to 2016. JAMA Network Open. 
2021;4(3):e211031.

 3. Wolmark N, Wang J, Mamounas E, Bryant J, Fisher B. Preopera-
tive chemotherapy in patients with operable breast cancer: nine-
year results from national surgical adjuvant breast and bowel 
project B-18. JNCI Monographs. 2001;2001(30):96–102.

 4. Volders JH, Negenborn VL, Spronk PE, et al. Breast-conserving 
surgery following neoadjuvant therapy-a systematic review on 
surgical outcomes. Breast Cancer Res Treat. 2018;168(1):1–12.

 5. Tutt ANJ, Garber JE, Kaufman B, et al. Adjuvant olaparib for 
patients with BRCA1- or BRCA2-mutated breast cancer. New 
Engl J Med. 2021;384(25):2394–405.

 6. Masuda N, Lee S-J, Ohtani S, et al. Adjuvant capecitabine for 
breast cancer after preoperative chemotherapy. New Engl J Med. 
2017;376(22):2147–59.

 7. I-SPY2 Trial Consortium. Association of event-free and distant 
recurrence–free survival with individual-level pathologic com-
plete response in neoadjuvant treatment of stages 2 and 3 breast 
cancer: three-year follow-up analysis for the I-SPY2 adaptively 
randomized clinical trial. JAMA Oncol. 2020;6(9):1355–62.

 8. Cortazar P, Zhang L, Untch M, et al. Pathological complete 
response and long-term clinical benefit in breast cancer: the 
CTNeoBC pooled analysis. Lancet. 2014;384(9938):164–72.

 9. Arriagada R, Lê MG, Rochard F, Contesso G. Conservative 
treatment versus mastectomy in early breast cancer: patterns of 
failure with 15 years of follow-up data. Institut Gustave-Roussy 
Breast Cancer Group. JCO. 1996;14(5):1558–64.

 10. Fisher B, Anderson S, Bryant J, et al. Twenty-Year Follow-up 
of a randomized trial comparing total mastectomy, lumpectomy, 
and lumpectomy plus irradiation for the treatment of invasive 
breast cancer. New Engl J Med. 2002;347(16):1233–41.

 11. Blichert-Toft M, Rose C, Andersen JA, et al. Danish randomized 
trial comparing breast conservation therapy with mastectomy: 
six years of life-table analysis. Danish Breast Cancer Coopera-
tive Group. J Natl Cancer Inst Monogr. 1992;11:19–25.

 12. Fisher B, Bryant J, Wolmark N, et al. Effect of preoperative 
chemotherapy on the outcome of women with operable breast 
cancer. J Clin Oncol. 1998;16(8):2672–85. https:// doi. org/ 10. 
1200/ JCO. 1998. 16.8. 2672. 

 13. Mamounas EP, NSABP Protocol B-27. Preoperative doxorubicin 
plus cyclophosphamide followed by preoperative or postopera-
tive docetaxel. Oncology (Williston Park). 1997;11(6 Suppl 
6):37–40.

 14. Bear HD, Anderson S, Brown A, et al. The effect on tumor 
response of adding sequential preoperative docetaxel to preop-
erative doxorubicin and cyclophosphamide: preliminary results 
from national surgical adjuvant breast and bowel project protocol 
B-27. JCO. 2003;21(22):4165–74.

 15. Rastogi P, Anderson SJ, Bear HD, et al. Preoperative chemo-
therapy: updates of national surgical adjuvant breast and bowel 
project protocols B-18 and B-27. JCO. 2008;26(5):778–85.

 16. Mamounas EP, Anderson SJ, Dignam JJ, et al. Predictors of 
Locoregional Recurrence After Neoadjuvant Chemotherapy: 
results from combined analysis of national surgical adju-
vant breast and bowel project B-18 and B-27. J Clin Oncol. 
2012;30(32):3960–6.

 17. NCCN Clinical Practice Guidelines in Oncology (NCCN Guide-
lines®) for Breast V.4.2023. © National Comprehensive Cancer 
Network, Inc. 2023. All rights reserved.

 18. Veronesi U, Zucali R, Luini A. Local control and survival in 
early breast cancer: the Milan trial. Int J Radiat Oncol Biol Phys. 
1986;12(5):717–20.

 19. Sarrazin D, Lê M, Rouëssé J, et al. Conservative treatment versus 
mastectomy in breast cancer tumors with macroscopic diameter 
of 20 millimeters or less. The experience of the Institut Gustave-
Roussy. Cancer. 1984;53(5):1209–13.

 20. Poortmans PM, Weltens C, Fortpied C, et al. Internal mammary 
and medial supraclavicular lymph node chain irradiation in stage 
I–III breast cancer (EORTC 22922/10925): 15-year results of a 
randomised, phase 3 trial. Lancet Oncol. 2020;21(12):1602–10.

 21. Whelan TJ, Olivotto IA, Parulekar WR, et  al. Regional 
nodal irradiation in early-stage breast cancer. N Engl J Med. 
2015;373(4):307–16.

 22.•• Marks LB, Prosnitz LR. Reducing local therapy in patients respond-
ing to preoperative systemic therapy: are we outsmarting ourselves? 
J Clin Oncol. 2014;32(6):491–3. https:// doi. org/ 10. 1200/ JCO. 2013. 
51. 3523. An excellent commentary offering caution regarding 
the omission of radiotherapy in a patient cohort that may actu-
ally derive the most clinical benefit.

 23. Bear HD, Tang G, Rastogi P, et  al. Bevacizumab added to 
neoadjuvant chemotherapy for breast cancer. N Engl J Med. 
2012;366(4):310–20.

 24. Robidoux A, Tang G, Rastogi P, et al. Lapatinib as a component 
of neoadjuvant therapy for HER2-positive operable breast can-
cer (NSABP protocol B-41): an open-label, randomised phase 3 
trial. The Lancet Oncology. 2013;14(12):1183–92.

 25. Mailhot Vega RB, Wang S, Brooks ED, et al. Evaluating regional 
nodal irradiation allocation and association with oncologic out-
comes in NSABP B-18, B-27, B-40, and B-41. Int J Radiat 
Oncol Biol Phys. 2022;113(3):542–51.

 26.• de Wild SR, de Munck L, Simons JM, et al. De-escalation of 
radiotherapy after primary chemotherapy in cT1–2N1 breast 
cancer (RAPCHEM; BOOG 2010–03): 5-year follow-up 

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/S1470-2045(17)30777-5
https://doi.org/10.1200/JCO.1998.16.8.2672
https://doi.org/10.1200/JCO.1998.16.8.2672
https://doi.org/10.1200/JCO.2013.51.3523
https://doi.org/10.1200/JCO.2013.51.3523


377Current Breast Cancer Reports (2023) 15:371–378 

1 3

results of a Dutch, prospective, registry study. Lancet Oncol. 
2022;23(9):1201–10. Modifying the radiation approach based 
on risk status after NAC did not worsen clinical outcomes. 
This serves as justification for a personalized approach to 
RT in many settings.

 27.•• Boughey JC, Suman VJ, Mittendorf EA, et al. Sentinel lymph 
node surgery after neoadjuvant chemotherapy in patients with 
node-positive breast cancer: the ACOSOG Z1071 (Alliance) 
Clinical Trial. JAMA. 2013;310(14):1455–61. De-escalating 
surgery from ALND to SNLB is a major advancement. This 
study identifies patients that may achieve the benefits of 
SNLB without losing out on the benefits of ALND.

 28. Haffty BG, McCall LM, Ballman KV, et al. Impact of radiation 
on locoregional control in women with node-positive breast can-
cer treated with neoadjuvant chemotherapy and axillary lymph 
node dissection: results from ACOSOG Z1071 clinical trial. Int 
J Radiat Oncol Biol Phys. 2019;105(1):174–82.

 29. Kyndi M, Overgaard M, Nielsen HM, et al. High local recurrence 
risk is not associated with large survival reduction after post-
mastectomy radiotherapy in high-risk breast cancer: a subgroup 
analysis of DBCG 82 b&c. Radiother Oncol. 2009;90(1):74–9.

 30. Stecklein SR, Park M, Liu DD, et al. Long-term impact of 
regional nodal irradiation in patients with node-positive breast 
cancer treated with neoadjuvant systemic therapy. Int J Radiat 
Oncol Biol Phys. 2018;102(3):568–77.

 31.•• Mamounas EP, Bandos H, White JR, et al. NRG Oncology/
NSABP B-51/RTOG 1304: Phase III trial to determine if chest 
wall and regional nodal radiotherapy (CWRNRT) post mas-
tectomy (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). J Clin Oncol. 
2019;37(15_suppl):TPS600–TPS600. This trial will give 
randomized, prospective data regarding axillary nodal 
irradiation in the setting of cN+, ypN0 disease. The most 
appropriate radiation strategy is currently unknown.

 32.• ClinicalTrials.gov [Internet]. Bethesda (MD): National Library 
of Medicine (US). Identifier NCT01901094, Comparison of 
Axillary Lymph Node Dissection With Axillary Radiation 
for Patients With Node-Positive Breast Cancer Treated With 
Chemotherapy. 2013. Available from: https:// class ic. clini caltr 
ials. gov/ ct2/ show/ NCT01 901094. An ongoing trial examin-
ing if ALND can be omitted in favor of radiotherapy in the 
setting of ypN+ disease.

 33. 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(9804):1707–16.

 34. Schmid P, Cortes J, Pusztai L, et  al. Pembrolizumab 
for early triple-negative breast cancer. N Engl J Med. 
2020;382(9):810–21.

 35. von Minckwitz G, Huang C-S, Mano MS, et al. Trastuzumab 
emtansine for residual invasive her2-positive breast cancer. N 
Engl J Med. 2019;380(7):617–28.

 36. Li Y-F, Chang L, Li W-H, et al. Radiotherapy concurrent ver-
sus sequential with endocrine therapy in breast cancer: a meta-
analysis. The Breast. 2016;27:93–8.

 37. Corbin KS, Breen WG, Strauss JB. Radiation dermatitis 
in patients treated with concurrent trastuzumab emtansine 
(T-DM1). Clin Transl Radiat Oncol. 2020;24:99–101.

 38. Geraud A, Xu HP, Beuzeboc P, Kirova YM. Preliminary expe-
rience of the concurrent use of radiosurgery and T-DM1 for 
brain metastases in HER2-positive metastatic breast cancer. J 
Neurooncol. 2017;131(1):69–72.

 39. Sherry AD, Mayer IA, Ayala-Peacock DN, et al. Combining 
adjuvant radiotherapy with capecitabine in chemotherapy-resist-
ant breast cancer: feasibility, safety, and toxicity. Clin Breast 
Cancer. 2020;20(4):344–352.e1.

 40. Woodward WA, Fang P, Arriaga L, et al. A phase 2 study of 
preoperative capecitabine and concomitant radiation in women 
with advanced breast cancer. Int J Radiat Oncol Biol Phys. 
2017;99(4):777–83.

 41. Sawada N, Ishikawa T, Fukase Y, et al. Induction of thymidine 
phosphorylase activity and enhancement of capecitabine efficacy 
by taxol/taxotere in human cancer xenografts. Clin Cancer Res. 
1998;4(4):1013–9.

 42. Schmid P, Cortes J, Dent R, et al. Event-free survival with pem-
brolizumab in early triple-negative breast cancer. New Engl J 
Med. 2022;386(6):556–67.

 43. Jahan N, Rehman S, Meda S, Tijani L. Abstract P5-18-14: 
The relative risk of pneumonitis associated with neoadjuvant 
chemoimmunotherapy use in early-stage triple-negative breast 
cancer: a systematic review and meta-analysis. Cancer Res. 
2022;82(4_Supplement):18–4.

 44. Hagen KR, Zeng X, Lee M-Y, et al. Silencing CDK4 radiosen-
sitizes breast cancer cells by promoting apoptosis. Cell Div. 
2013;8(1):10.

 45. Bosacki C, Bouleftour W, Sotton S, et al. CDK 4/6 inhibitors 
combined with radiotherapy: a review of literature. Clin Transl 
Radiat Oncol. 2021;26:79–85.

 46. ClinicalTrials.gov [Internet]. Bethesda (MD): National Library 
of Medicine (US). Identifier NCT03870919, Locoregional Treat-
ment and Palbociclib in de Novo, Treatment Naive, Stage IV 
ER+, HER2- Breast Cancer Patients (PALATINE). 2019. Avail-
able from: https:// clini caltr ials. gov/ study/ NCT03 870919.

 47. ClinicalTrials.gov [Internet]. Bethesda (MD): National Library of 
Medicine (US). Identifier NCT03691493, Radiation Therapy, Pal-
bociclib, and Hormone Therapy in Treating Breast Cancer Patients 
With Bone Metastasis (ASPIRE). 2018. Available from: https:// 
class ic. clini caltr ials. gov/ ct2/ show/ NCT03 691493.

 48. Loap P, Loirat D, Berger F, et al. Concurrent olaparib and radio-
therapy in patients with triple-negative breast cancer: the phase 
1 olaparib and radiation therapy for triple-negative breast cancer 
trial. JAMA Oncol. 2022;8(12):1802–8.

 49. Chopra N, Tovey H, Pearson A, et al. Homologous recom-
bination DNA repair deficiency and PARP inhibition activ-
ity in primary triple negative breast cancer. Nat Commun. 
2020;11(1):2662.

 50. Michmerhuizen AR, Pesch AM, Moubadder L, et al. PARP1 
inhibition radiosensitizes models of inflammatory breast cancer 
to ionizing radiation. Mol Cancer Ther. 2019;18(11):2063–73.

 51. ClinicalTrials.gov [Internet]. Bethesda (MD): National Library 
of Medicine (US). Identifier NCT04690855, A Study to Evalu-
ate TAlazoparib, Radiotherapy and Atezolizumab in gBRCA 
1/2 Negative Patients With PDL1+ Metastatic Triple Negative 
Breast Cancer (TARA). 2020. Available from: https:// class ic. 
clini caltr ials. gov/ ct2/ show/ NCT04 690855.

 52. ClinicalTrials.gov [Internet]. Bethesda (MD): National Library 
of Medicine (US). Identifier NCT03598257, Radiation Therapy 
With or Without Olaparib in Treating Patients With Inflamma-
tory Breast Cancer. 2018. Available from: https:// class ic. clini 
caltr ials. gov/ ct2/ show/ NCT03 598257.

 53. Kuerer HM, Rauch GM, Krishnamurthy S, et al. A clinical fea-
sibility trial for identification of exceptional responders in whom 
breast cancer surgery can be eliminated following neoadjuvant 
systemic therapy. Ann Surg. 2018;267(5):946–51.

 54. Basik M, Cecchini RS, Santos JFDL, et al. Abstract GS5-05: 
Primary analysis of NRG-BR005, a phase II trial assessing accu-
racy of tumor bed biopsies in predicting pathologic complete 
response (pCR) in patients with clinical/radiological complete 

https://classic.clinicaltrials.gov/ct2/show/NCT01901094
https://classic.clinicaltrials.gov/ct2/show/NCT01901094
https://clinicaltrials.gov/study/NCT03870919
https://classic.clinicaltrials.gov/ct2/show/NCT03691493
https://classic.clinicaltrials.gov/ct2/show/NCT03691493
https://classic.clinicaltrials.gov/ct2/show/NCT04690855
https://classic.clinicaltrials.gov/ct2/show/NCT04690855
https://classic.clinicaltrials.gov/ct2/show/NCT03598257
https://classic.clinicaltrials.gov/ct2/show/NCT03598257


378 Current Breast Cancer Reports (2023) 15:371–378

1 3

response after neoadjuvant chemotherapy (NCT) to explore the 
feasibility of breast-conserving treatment without surgery. Can-
cer Res. 2020;80(4_Supplement):GS5–05.

 55. Kuerer HM, Smith BD, Krishnamurthy S, et al. Eliminating 
breast surgery for invasive breast cancer in exceptional respond-
ers to neoadjuvant systemic therapy: a multicentre, single-arm, 
phase 2 trial. Lancet Oncol. 2022;23(12):1517–24.

 56. Cullinane C, Fleming C, O’Leary DP, et al. Association of cir-
culating tumor dna with disease-free survival in breast cancer: 
a systematic review and meta-analysis. JAMA Network Open. 
2020;3(11):e2026921.

 57. Cailleux F, Agostinetto E, Lambertini M, et al. Circulating tumor 
DNA after neoadjuvant chemotherapy in breast cancer is associ-
ated with disease relapse. JCO Precis Oncol. 2022;6:e2200148.

 58. Magbanua MJM, Swigart LB, Wu H-T, et al. Circulating tumor 
DNA in neoadjuvant-treated breast cancer reflects response and 
survival. Ann Oncol. 2021;32(2):229–39.

Publisher’s Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.


	Radiation Management for Breast Cancer After Neoadjuvant Therapy
	Abstract
	Purpose of Review 
	Recent Findings 
	Summary 

	Introduction
	Rationale for Neoadjuvant Systemic Therapy
	Rationale for Adjuvant Radiotherapy
	Nodal Irradiation
	Breast Irradiation

	Sequencing of Radiotherapy and Other Adjuvant Therapies After NAC
	Future Directions
	Conclusions
	References


