
Page 1 of 14

© AME Publishing Company.   Transl Breast Cancer Res 2025;6:18 | https://dx.doi.org/10.21037/tbcr-24-54

Review Article

Radiotherapy in breast cancer patients achieving nodal pathologic 
complete response after neoadjuvant therapy: a scoping review
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Background: Neoadjuvant chemotherapy (NAC) is widely accepted as standard treatment in breast cancer, 
particularly in cases of tumors with aggressive biology. NAC has increased the rates of breast-conserving 
surgery (BCS) and the conversion of positive axillary nodes detected at initial diagnosis (cN+ to ypN0). In 
addition, NAC has allowed cases of residual disease to be selected for adjuvant treatments. This new scenario 
was made possible by innovative neoadjuvant treatments that increase the rate of pathologic complete 
response (pCR) and significantly change the initial disease volume. A review of concepts is now required, 
including determining when postmastectomy radiotherapy (PMRT) and regional nodal irradiation (RNI), 
traditionally indicated in function of the disease volume at the time of diagnosis, should be recommended. 
Methods: This scoping review discusses contemporary studies, including the recent National Surgical 
Adjuvant Breast and Bowel Project (NSABP) B-51, regarding the indication of PMRT and RNI following 
NAC, focusing on cases in which axillary pCR is achieved. 
Results: Fifteen retrospective cohort studies, one prospective cohort study, and the NSABP B-51, a 
randomized controlled trial, were included in the review. Most of the studies (n=10) evaluated PMRT alone, 
while 4 evaluated PMRT and RNI, and 3 analyzed only RNI. 
Conclusions: The current findings suggest that in cases of axillary pCR (ypN0) obtained after NAC 
treatment, in patients with breast cancer who had initially been diagnosed with positive axillary nodes (cT1-
3 cN1 M0) no benefit is gained from PMRT or RNI. Conversely, in cases of initially more advanced clinical 
staging (cT4 cN2/3) or residual lymph node disease, radiotherapy should be recommended. Further studies 
are required to confirm these findings and the possibility of de-escalating radiotherapy according to patient 
response following NAC.
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Introduction 

Background

Neoadjuvant  chemotherapy (NAC),  tradit ional ly 
recommended for locally advanced breast cancer, has 
recently been used in cases of operable disease. This 
change in management increased the rate of breast-
conserving surgery (BCS) to the point of including cases 
initially ineligible, with the benefit of not affecting overall 
survival when compared to adjuvant chemotherapy (1,2). 
Axillary surgery was also impacted by NAC. Even in 
cases of clinically positive axilla (cN+) at initial diagnosis, 
sentinel lymph node biopsy (SLNB) can be performed 
following complete clinical response (3-8). NAC also 
provides an opportunity to evaluate the “in vivo” response, 
and prognosis in terms of disease-free survival and overall 
survival can be estimated by evaluating pathologic complete 

response (pCR), with additional adjuvant therapies being 
used in cases of residual disease (9-11). In recent years, 
interest has grown in investigating the possibility of 
de-escalating localized treatment such as surgery and 
radiotherapy following NAC (12,13). 

Rationale and knowledge gap

Indications for adjuvant radiotherapy at upfront surgery 
are based on disease volume at the time of surgery. In 
addition to whole breast irradiation (WBI) following BCS, 
postmastectomy radiotherapy (PMRT) is recommended 
for breast cancer patients in cases of tumors over 5 cm and 
with four or more positive lymph nodes (14). More recently, 
the benefit of PMRT was demonstrated in women with 
1–3 affected lymph nodes. A meta-analysis of 22 studies 
found that PMRT reduced 10-year locoregional recurrence 
rates [odds ratio (OR): 0.68; 95% confidence interval (CI): 
0.57–0.82] and 20-year mortality rates (OR: 0.80; 95% 
CI: 0.67–0.95) (15). Regional nodal irradiation (RNI) can 
also reduce breast cancer recurrence, particularly in cases 
of node-positive disease (16). On the other hand, although 
well-established at upfront surgery, the role of radiotherapy 
following NAC has been a subject of debate. Indeed, the 
initial disease volume, which constitutes the key criterion 
for recommending radiotherapy at upfront surgery, is 
altered by neoadjuvant systemic treatment as it affects the 
tumor and lymph nodes (17). These changes are particularly 
prominent following the advent of new systemic treatments 
that have increased pCR rates (18-20).

Traditionally, RNI or PMRT for patients receiving 
NAC was guided by the same treatment criterion used for 
cases of upfront surgery, i.e., only the initial disease volume 
was considered, irrespective of the patient’s response 
to the neoadjuvant systemic treatment (14,15). In this 
respect, some retrospective studies showed the benefit of 
radiotherapy in locoregional control, particularly in locally 
advanced disease prior to NAC (21). 

A combined analysis of the National Surgical Adjuvant 
Breast and Bowel Project (NSABP) B-18 and B-27 studies, 
however, presented a new scenario. Many of the patients 
included in those analyses (n=1,071) did not undergo 
PMRT, even under the current criteria for its indication. 

Highlight box

Key findings
•	 Most of the studies evaluated in this scoping review failed to show 

significant benefit from the addition of radiotherapy in ypN0 
cases, particularly in cases with clinical criteria similar to those of 
the NSABP B-51 study, i.e., initially cT1-3 cN1, in which nodal 
response was achieved following neoadjuvant chemotherapy 
(NAC). 

What is known and what is new?
•	 Traditionally, regional nodal irradiation (RNI) or postmastectomy 

radiotherapy (PMRT) for patients receiving NAC was guided by 
the disease volume at initial diagnosis, without considering the 
patient’s response to the neoadjuvant systemic treatment, but rather 
relying on data from patients who underwent upfront surgery.

•	 Currently, there has been much debate on the role of radiotherapy 
in the presence of complete lymph node response (ypN0) to NAC. 
This review shows that no benefit is gained from RNI or PMRT in 
ypN0 cases. Conversely, in cases of initially more advanced clinical 
staging (cT4 cN2/3) or residual lymph node disease, radiotherapy 
should be recommended.

What is the implication, and what should change now?
•	 The possibility of de-escalating radiotherapy as a localized 

treatment following NAC is supported by these findings. 
Nevertheless, the gap in information persists, with further data 
from randomized studies being required.
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Eight-year locoregional recurrence rates differed between 
patients without nodal response and those with axillary 
pCR (14.9% and 5.9%, respectively) (22). Those results 
were the reasoning behind the NSABP-51 study that was 
recently presented at the 2023 San Antonio Breast Cancer 
Symposium (23). Although the results of that randomized 
study have yet to be published, there has been much debate 
on the role of radiotherapy in the presence of complete 
lymph node response (ypN0). 

Objective

This study conducted a scoping review of contemporary 
studies designed to evaluate the impact of radiotherapy on 
patients submitted to NAC who achieved pCR in the breast 
and/or axilla, based on the NSABP B-51 criteria (initially 
cT1-3 cN1, achieving nodal response following NAC). We 
present this article in accordance with the PRISMA-ScR 
reporting checklist (available at https://tbcr.amegroups.
com/article/view/10.21037/tbcr-24-54/rc).

Methods

Reports on the radiotherapy treatment of patients receiving 
NAC who achieved pCR in the breast and/or axilla, based 
on the NSABP B-51 criteria, were sought in the Medline/
PubMed, LILACS and ClinicalTrials.gov databases between 
April and June 2024. The following keywords were used in 
accordance with research conducted in the Virtual Health 
Library using the Health Sciences Descriptors (DeCS) and 
Medical Subject Headings (MeSH): “breast neoplasms”, 
“neoadjuvant therapy”, “neoadjuvant chemotherapy”, 
“mastectomy”, “segmental mastectomy”, “radiotherapy”, 
“postmastectomy radiotherapy”,  “regional  nodal 
irradiation” and “drainage radiotherapy”. The search was 
limited to studies published in English over the preceding 
14 years (January 2010 to May 2024). Additionally, a manual 
search of the references cited in the reviewed papers was 
conducted to identify more articles.

The inclusion criteria were: (I) randomized and non-
randomized clinical trials and retrospective studies with over 
200 patients that evaluated oncological outcomes (at least 
locoregional recurrence, disease-free survival and overall 
survival), preferably calculated over a period of at least five 
years; (II) the impact of PMRT and/or RNI in ypN0 cases 
following NAC should be described, mirroring the NSABP 
B-51 criteria. However, data on positive lymph nodes (ypN+) 
following NAC were also evaluated when available in the 

same study; and (III) studies published in English.
The exclusion criteria were: (I) studies that included 

cases of upfront surgery; (II) studies that did not report the 
impact of PMRT and/or RNI in ypN0 cases following NAC 
according to the NSABP B-51 criteria; and (III) studies 
published in languages other than English.

The data were consolidated using a scoping approach 
and a table was constructed to describe the principal 
characteristics of each study included in the review. After 
the articles had been selected and read in their entirety by at 
least two of the authors, those identified for inclusion were 
separated according to the study design (retrospective, non-
randomized prospective or randomized prospective) and the 
type of radiotherapy (PMRT and RNI). This description 
was to be finalized according to the summary of the NSABP 
B-51 study.

The Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses extension for scoping reviews 
(PRISMA-ScR) were followed throughout the entire review 
process (24,25). An initial search revealed 447 studies. Of 
these, 405 were found in PubMed, 40 in LILACS and 2 
in ClinicalTrials.gov. After duplicated articles had been 
removed, the total number of studies was reduced to 312. 
Screening of the titles and abstracts resulted in the exclusion 
of a further 295 studies. The complete articles for the 
remaining 47 studies were obtained. After application of the 
inclusion and exclusion criteria, 17 studies were included in 
the final analysis (Figure 1).

Results

Seventeen  a r t i c l e s  were  se l ec ted  for  inc lus ion ,  
15 retrospective cohort studies, one prospective cohort 
study, and the NSABP B-51, a randomized controlled trial 
(Table 1) (23,26-41). Most of the studies (n=10) evaluated 
PMRT alone, while 4 evaluated PMRT and RNI and  
3 analyzed only RNI.

Retrospective studies that evaluated both PMRT and RNI 

One study, conducted with 15,315 cases between 2011 
and 2013 using the National Cancer Database (NCDB), 
evaluated the impact of PMRT and RNI in patients with 
positive axillary nodes at initial diagnosis (cT1-3 cN1 M0) 
who were then treated with NAC (26). The cases were 
stratified into four cohorts based on the type of surgery 
(mastectomy or BCS) and lymph node status following 
NAC (ypN0 or ypN+): 3,040 cases of mastectomy/ypN0, 

https://tbcr.amegroups.com/article/view/10.21037/tbcr-24-54/rc
https://tbcr.amegroups.com/article/view/10.21037/tbcr-24-54/rc
http://ClinicalTrials.gov
http://ClinicalTrials.gov
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Records identified from:
•	PubMed (n=405)
•	LILACS (n=40) 
•	ClinicalTrials.gov (n=2)

Records removed before screening:
•	Duplicate records (n=100)
•	Records marked as ineligible by 

automation tools (n=30)
•	Records removed for other reasons (n=5)

Records screened 
(n=312)

Records excluded (n=150)

Reports excluded:
•	Upfront surgery (n=15)
•	Oncology outcomes <5 years (n=15)

Reports sought for retrieval 
(n=162)

Reports not retrieved (n=115)

Reports assessed for eligibility 
(n=47)

New studies included in the review 
(n=17)

Figure 1 Evaluation and inclusion of studies following database search, identification and screening.

7,243 cases of mastectomy/ypN+, 2,070 cases of BCS/ypN0 
and 2,962 cases of BCS/ypN+. Overall survival was better 
in the group that received PMRT irrespective of the lymph 
node pathologic response to NAC (ypN+; P<0.001/ypN0; 
P=0.01), with this benefit persisting in the multivariate 
analysis. Conversely, there was no difference in overall 
survival with the association of RNI in cases of BCS. 

The role of PMRT and RNI on locoregional recurrence 
in patients submitted to NAC with positive axillary 
nodes at initial diagnosis (cT0-4 cN1-2) was evaluated 
in the American College of Surgeons Oncology Group 
(ACOSOG) Z1071 study (29). That study included patients 
between 2009 and 2011 who had undergone SLNB 
followed by axillary lymph node dissection (ALND). Of 
the 701 patients included in the analysis, mastectomy was 
performed in 423 cases (59.6%), while BCS was performed 
in 277 (40.4%). Overall, of the patients treated with BCS, 
153 (22.1%) underwent RNI, while 118 (17.1%) did not. 
Of the cases of mastectomy, 347 (50.2%) received PMRT 
and 73 (10.6%) did not. After a mean follow-up time of 
5.9 years (range, 0.4–8.1 years), locoregional recurrence 
was detected in 43 patients (6.1%), distant recurrence in 
145 (20.7%), and 142 patients died (20.4%). Locoregional 

recurrence rates were generally lower in patients who 
received PMRT or RNI [hazard ratio (HR) =2.35; P=0.01], 
with no differences in overall survival or disease-free 
survival. There was no statistically significant difference in 
locoregional recurrence in those cases in which pCR was 
achieved.

Retrospective studies evaluating only PMRT

Investigation on the role of PMRT following NAC yielded 
conflicting results. 

In a cohort from the NCDB [1998–2009] involving  
1,560 patients with initial clinical stage II/III and positive 
axilla, who achieved axillary pCR, 903 (57.9%) received 
PMRT and 657 (42.1%) did not (27). After 56 months of 
follow-up, no differences were found in overall survival 
between the groups (P=0.12; HR: 1.571; 95% CI: 0.839–
2.943). In the analysis of subgroups, PMRT was shown to 
have an impact on overall survival in cases of initial clinical 
stage IIIB/IIIC, initial T3/T4 and of residual disease 
following NAC (P<0.05). PMRT was concluded to have a 
heterogenous effect in patients with positive axillary nodes 
at initial diagnosis. 
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Table 1 Studies included in the scoping review

Author
Year of 

publication
Design 

Period of 
treatment

Sample (n)
Type of 

radiotherapy
Benefit ypN0

Rusthoven et al. (26) 2016 Retrospective cohort 2003–2011 15,315 PMRT/RNI Yes (PMRT; OS)

Liu et al. (27) 2016 Retrospective cohort 1998–2009 1,560 PMRT Yes (initial EC III, T3/4 OS)

Kantor et al. (28) 2017 Retrospective cohort 2004–2008 8,321 PMRT Yes (HR-negative, OS)

Haffty et al. (29) 2019 Retrospective cohort 2009–2011 701 PMRT/RNI No

Krug et al. (30) 2019 Retrospective cohort 2002–2010 817 PMRT Yes (initial T3/T4; LRR)

Miyashita et al. (31) 2019 Retrospective cohort 2004–2009 3226 PMRT No

Cho et al. (32) 2019 Retrospective cohort 2005–2011 261 RNI No

Fayanju et al. (33) 2020 Retrospective cohort 2004–2015 26,009 RNI No

Huang et al. (34) 2020 Retrospective cohort 2000–2014 1,813 PMRT No

Zhang et al. (35) 2021 Retrospective cohort 2007–2015 554 PMRT No

Haque et al. (36) 2021 Retrospective cohort 2004–2017 14,690 PMRT No

Schlafstein et al. (37) 2022 Retrospective cohort 2004–2015 1,963 RNI No

Kim et al. (38) 2022 Retrospective cohort 2013–2017 807 PMRT Yes  
(triple-negative tumors; LRR)

de Wild et al. (39) 2022 Prospective cohort 2011–2015 838 PMRT/RNI No

Saifi et al. (40) 2023 Retrospective cohort 2009–2011 312 PMRT No

Tan et al. (41) 2024 Retrospective cohort 2008–2019 333 PMRT No

Mamounas et al. (23) 2024* Randomized controlled trial 2013–2020 1,641 PMRT/RNI No

*, presented at San Antonio Breast Cancer Symposium. EC, clinical staging; HR, hormone receptor; LRR, locoregional recurrence; OS, 
overall survival; PMRT, postmastectomy radiotherapy; RNI, regional nodal irradiation.

In another study, also conducted using the NCDB, 
PMRT impacted overall survival in hormone receptor-
negative tumors, even in the ypN0 group (28). Patients with 
positive axillary nodes (nN1=6,140; 65.6%/cN2=2,181; 
23.3%) treated with NAC and mastectomy between 2004 
and 2008 and with a mean follow-up time of 69 months 
were evaluated. In the analysis of overall survival, PMRT 
was generally associated with benefit in the initially cN1 
group (75.8% vs. 71.9%; P<0.01) and the initially cN2 
group (69.2% vs. 58.6%; P<0.01). Nevertheless, when 
the patients with nodal response (ypN0) were evaluated 
separately, no difference was found in survival (P>0.11) 
between those who underwent PMRT and those who did 
not, except in cases of hormone receptor-negative tumors 
(HR: 0.65; P<0.01). 

A retrospective study also found benefit in cases of 
triple-negative tumors (38). Between 2013 and 2017,  
682 patients with clinical stage II and III breast cancer 
who had undergone NAC and mastectomy were evaluated:  

596 patients (87.4%) who received PMRT and 86 (12.6%) 
who received no radiotherapy. After a mean follow-up time 
of 67 months, PMRT was found to benefit ypN+ patients 
in terms of locoregional recurrence-free survival, disease-
free survival and overall survival (P<0.001). In a multivariate 
analysis, factors such as histologic grade III (P=0.002), 
lymphovascular invasion (P=0.045) and ypN2-3 (P=0.02) 
were associated with locoregional recurrence. Nevertheless, 
no benefit was found for patients who achieved axillary pCR 
(ypN0) except in cases of triple-negative tumors. 

A retrospective review of three randomized studies 
(GeparTrio, GeparQuattro and GeparQuinto) also showed 
some benefit of PMRT in 817 cases of non-inflammatory 
breast cancer submitted to NAC (PMRT: n=676; 82.7%) 
between 2002 and 2010 (30). Of those cases, 44.6% 
consisted of T3/T4 tumors and 61% had initially positive 
lymph nodes (cN+). In relation to tumor subtypes, most 
were hormone-positive/HER-negative (52.1%), followed 
by HER2-positive (25.2%) and triple-negative (15.7%). 



Translational Breast Cancer Research, 2025Page 6 of 14

© AME Publishing Company.   Transl Breast Cancer Res 2025;6:18 | https://dx.doi.org/10.21037/tbcr-24-54

After a mean follow-up time of 51.5 months, the 5-year 
accumulated locoregional recurrence rate was 15.2% (95% 
CI: 9.0–22.8%) in non-irradiated patients and 11.3% 
(95% CI: 8.7–14.3%) in cases submitted to PMRT, with 
no differences between the groups in a multivariate risk 
analysis (P=0.23). For initially T3/T4 patients, however, 
locoregional recurrence rates were lower following 
radiotherapy (HR: 0.43; 95% CI: 0.19–0.94; P=0.04), with 
borderline benefit (HR: 0.37; 95% CI: 0.14–0.99; P=0.04) 
for cases that achieved axillary pCR (cN+ to ypN0: n=158).

Conversely, other studies failed to find any benefit in 
patients who achieved axillary response. A study conducted 
using the Japanese Breast Cancer Registry evaluated the 
effectiveness of radiotherapy in cT1-4 cN0-2 M0 patients 
treated with NAC and mastectomy (31). The objective 
was to evaluate the association between radiotherapy and 
locoregional recurrence, distant disease-free survival and 
overall survival based on nodal status (ypN) following NAC 
in a multivariate analysis. Overall, 3,226 patients met the 
inclusion criteria, with 993 of these being in the PMRT 
group. Mean age was 53 years (range, 23–92 years), with 
1,387 patients (43%) being premenopausal. A total of 1,413 
patients (43.8%) had cT2 tumors, while 665 (20.6%) had 
cT3 tumors and 897 (27.8%) had cT4 tumors. In relation 
to initial lymph node status, 1,759 cases (54.5%) were 
cN1 and 379 (11.4%) cN2, while 828 (25.6%) were cN0. 
After a 5-year follow-up time, 412 patients (12.8%) had 
presented with locoregional events, 679 (21%) experienced 
distant recurrence and 561 (17.4%) had died. Five-year 
locoregional recurrence rates for ypN0 with and without 
radiotherapy were 7.0% and 6.7%, respectively, while rates 
for ypN1 with and without radiotherapy were 12.5% and 
13.1%, respectively. The association between radiotherapy 
and overall survival was not statistically significant for ypN0 
(P=0.22) or ypN1 patients (P=0.51). Radiotherapy was 
associated, on the other hand, with locoregional recurrence-
free survival (P<0.001), distant recurrence-free survival 
(P=0.01) and overall survival (P<0.001) in ypN2-3 patients. 
The multivariate analysis showed that radiotherapy was 
associated with locoregional recurrence-free survival (HR: 
0.61; 95% CI: 0.45–0.82; P=0.001) and overall survival 
(HR: 0.69; 95% CI: 0.53–0.89; P=0.004) in cases of  
ypN2-3 alone. 

Another study that evaluated the role of PMRT in 
patients submitted to NAC with stage II and III breast 
cancer and affected lymph nodes also found no evidence 
of any significant benefit in cases of ypN0 (34). That 
analysis consisted of a retrospective review of 1,813 cT1-

4N1-2M0 patients treated in 13 institutes and divided into 
three groups based on lymph node response following 
NAC (ypN0, ypN1 and ypN2-3). Of those patients,  
490 (27.0%) were in the ypN0 group, 567 (31.3%) in the 
ypN1 group and 756 (41.7%) in the ypN2-3 group. Five-
year locoregional recurrence, disease-free survival and 
overall survival were, respectively, 86.3%, 68.4% and 83.1% 
for the entire cohort. PMRT influenced overall survival in 
patients in the ypN2-3 group (74.2% vs. 55.9%; P<0.001); 
however, no such benefit was found for the ypN0 (93.1% 
vs. 95.5%; P=0.51) or the ypN1 groups (88.4% vs. 87.8%; 
P=0.54). 

A study conducted in a single institute in China analyzed 
554 patients with initial stage II–III breast cancer submitted 
to NAC and mastectomy between 2007 and 2015 and 
reported similar results (35). The effect of PMRT on 
locoregional recurrence and disease-free survival rates 
was investigated. Mean follow-up time was 65 months 
and mean age was 51 years (range, 22–78 years). Overall,  
395 women (71.1%) had stage II and 160 (28.9%) stage III 
breast cancer. Initial node status was N1 in 339 cases (61.2%) 
and N2 in 85 cases (15.3%). Fifty-eight cases (10.5%) 
had locoregional recurrence, while 138 patients (24.9%) 
had distant metastases and 72 (13.0%) died. A total of 399 
cases (72%) were submitted to PMRT, while 155 (28%) 
received no radiotherapy following mastectomy. Five-year 
locoregional recurrence and disease-free survival rates were 
9.2% and 74.2%, respectively, showing the overall positive 
impact of PMRT in reducing locoregional recurrence (7.3% 
vs. 14.1%; P=0.01). In cases with residual nodal disease 
(ypN1 and ypN2-3), the benefit of PMRT was significant. 
Nevertheless, PMRT was not found to benefit patients with 
negative axilla following surgery (ypN0), either in terms of 
locoregional recurrence or disease-free survival. 

A study conducted using the NCDB evaluated the 
role of PMRT in patients submitted to mastectomy 
following NAC who met the NSABP B-51 criteria (36). 
Those authors did not include patients receiving RNI, 
since the coding for that treatment is not uniform in that 
database. Furthermore, they included cT4 cN2/3 patients 
who were excluded from the NSABP B-51. A total of  
14,690 patients treated between 2004 and 2017 were 
included in the analysis, with 10,092 patients (69%) 
undergoing PMRT and 4,598 (31%) not receiving 
radiotherapy. Overall, 7,560 patients were under 50 years 
of age and 6,816 (46.4%) were cT3/4. In relation to tumor 
subtypes, the most common was HER2 positive (n=4,828; 
32.9%), followed by triple-negative (n=4,426; 30.1%) 
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and hormone-positive/HER2-negative tumors (n=2,956; 
20.1%). After a mean follow-up time of 55.6 months (range, 
34.5–82.9 months), there was no difference in estimated 10-
year overall survival: 78.6% (95% CI: 77–80%) for PMRT 
compared to 76.3% (95% CI: 73.7–78.7%) for the non-
irradiated group (P=0.41). Analysis of the specific group of 
cases that did not meet the criteria for the NSABP B-51 
study also showed no statistically significant difference 
in overall survival (82.6% with PMRT vs. 80% without 
PMRT; P=0.25).

A combined retrospective analysis of the TRYPHAENA 
and NeoSphere studies (phase II studies on the addition of 
pertuzumab to the neoadjuvant treatment of tumors with 
HER2 over-expression) also evaluated the role of PMRT 
following NAC (40). A total of 312 patients with positive 
axillary nodes at initial diagnosis were analyzed. Of these, 
172 patients (55%) achieved axillary pCR (ypN0), while  
140 (45%) still had residual disease in the lymph nodes 
(ypN+).  For the ypN0 patients,  est imated 5-year 
locoregional recurrence-free survival was 97% for both 
groups, with or without PMRT (P=0.94). Cases of ypN1 
also failed to gain any significant benefit from radiotherapy: 
patients who received treatment (n=40) had a locoregional 
recurrence-free survival rate of 85% compared to 89% for 
those who did not receive radiotherapy (n=22) (P=0.60). 
On the other hand, a significant difference in locoregional 
recurrence-free survival was found in ypN2-3 patients 
who underwent radiotherapy (n=53) compared to those 
who did not (n=25), with 5-year locoregional recurrence-
free survival rates of 92% and 75%, respectively (P=0.01). 
It was concluded that cases of breast cancer with HER2 
overexpression in which axillary response (ypN0) was 
achieved following NAC have excellent locoregional 
control, supporting the de-escalation of PMRT. 

Finally, a recently published study conducted in a single 
institute in China evaluated the impact of PMRT in patients 
with stage II and III breast cancer, who had initial axillary 
disease (cN+), were submitted to mastectomy following 
NAC and achieved axillary pCR (ypN0) (41). Between 2008 
and 2019, 333 patients were eligible, with 189 (56.8%) 
receiving PMRT and 144 (43.2%) no irradiation. After a 
mean follow-up time of 71 months, the rates of locoregional 
recurrence-free survival, distant metastasis-free survival, 
breast cancer-specific survival and overall survival were, 
respectively, 99.1%, 93.4%, 96.4% and 94.3%. The effect 
of PMRT was not statistically different between those 
who had undergone radiotherapy and those who had not 
in terms of 5-year locoregional recurrence-free survival 

(98.9% vs. 99.2%), distant metastasis-free survival (93.8% 
vs. 91.3%), breast cancer-specific survival (96.7% vs. 94.9%) 
and overall survival (94.5% vs. 92%). There was also no 
difference in survival when cases were stratified according 
to staging (II or III).

Retrospective studies evaluating only RNI

One study used the NCDB to evaluate the role of RNI 
following NAC in 26,009 initially cN1 patients between 
2010 and 2015. Of these, 12,341 patients achieved complete 
axillary response (ypN0), while 13,668 continued with 
residual disease in the lymph nodes (ypN1) (33). Of the 
ypN0 patients, 4,423 (43.9%) received RNI compared to 
7,556 (55.3%) of the ypN1 patients. In cases submitted to 
mastectomy, RNI had no effect on overall survival in the 
ypN0 group (P=0.20); however, there was a statistically 
significant benefit for ypN1 patients (HR: 0.83; 95% CI: 
0.69–0.99; P=0.04). Conversely, for those who underwent 
BCS, RNI was associated with a positive effect on both 
ypN0 patients (HR: 0.38; 95% CI: 0.22–0.66) and ypN1 
patients (HR: 0.44; 95% CI: 0.30–0.66); however, there was 
no additional benefit to patients who also underwent WBI.

A multicenter retrospective study conducted in Korea 
evaluated the role of RNI in 261 patients from 13 institutes 
who were submitted to NAC and BCS and achieved 
axillary pCR (ypN0) (32). The tumor subtypes were triple-
negative (n=113; 43.3%), HER2 positive (n=95; 36.4%) 
and luminal (n=53; 20.3%). Overall, 108 patients achieved 
pCR, including ypT0 and ypTis. After a mean follow-up 
time of 79 months (range, 16–141 months), the estimated 
rates of locoregional recurrence, disease-free survival and 
overall survival were 96.0%, 91.0% and 96.8%, respectively. 
RNI had no effect on locoregional recurrence, disease-
free survival or overall survival, irrespective of the tumor 
subtype or whether pCR was achieved in the breast. The 
benefit of RNI was also evaluated in the patients who 
underwent SLNB alone compared to those submitted to 
ALND, with no evidence being found of any benefit (P=0.38 
in the SLNB group and P=0.46 in the ALND group).

Finally, another study sought to compare oncologic 
outcomes in women submitted to BCS and WBI, with or 
without RNI, who had initially positive axilla (cN1) and 
achieved complete axillary response (ypN0; SLNB alone) 
following NAC (37). Using the NCDB for the 2006–2015 
period, 1,963 patients who met the criteria for analysis were 
identified, with 946 of these having undergone RNI and 
1,017 breast radiotherapy alone. There was an increase in 
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the indications for RNI over that period from 48.13% in 
2004 to 62.13% in 2015 (P<0.001). Nevertheless, according 
to that analysis, the trend was not accompanied by any 
clinical benefit: estimated 10-year overall survival for the 
group of patients who underwent RNI was 79.5% (95% CI: 
72.9–84.6%) compared to 83.6% (95% CI: 78.1–87.9%) for 
those who did not (P=0.14).

Nonrandomized prospective study

The RAPCHEM (BOOG 2010-03) was a prospective, 
multicenter, nonrandomized study conducted in the 
Netherlands on the role of radiotherapy following NAC in 
patients with cT1-2 cN1 breast cancer at initial presentation 
between 2011 and 2015 (39).  The study included  
848 patients from 17 centers treated with primary 
chemotherapy followed by breast and axillary surgery. 
Axillary status was confirmed by biopsy prior to the 
initiation of treatment. The patients were divided into 
three predefined risk groups for locoregional recurrence: 
low (ypN0), intermediate (ypN1) or high (ypN2-3). The 
low-risk group underwent WBI in cases of BCS, while 
the intermediate risk group was treated with localized 
radiotherapy following BCS or chest wall radiotherapy 
following mastectomy, with the addition of irradiation of 
axillary lymph node levels I–II in cases in which ALND 
was omitted. The high-risk group received RNI as well as 
WBI in cases of BCS or chest wall radiotherapy in cases 
of mastectomy. Radiotherapy for the internal mammary 
nodes was optional. The authors speculated that the 5-year 
locoregional recurrence rate would be under 4%, with 
an internal upper 95% confidence limit below 7.8, thus 
requiring 237 patients in each risk group for a statistical 
power of 80%. The final analysis included 291 patients  
in the low-risk group, 370 in the intermediate-risk group 
and 177 in the high-risk group. Median age was 49 years. 
In relation to subtypes, 64% of patients had hormone 
receptor-positive/HER2-negative tumors, while 13% of 
cases were hormone receptor-positive/HER2 positive, 
7% were hormone receptor-negative/HER2-positive and 
15% were triple-negative. After a mean follow-up time of  
5.8 years, the 5-year locoregional recurrence rate was 2.2% 
(95% CI: 1.4–3.4%) for the entire group, with no difference 
between the different risk groups: locoregional recurrence 
was 2.1% (0.9–4.3%) in the low-risk group, 2.2% (1.0–
4.1%) in the intermediate-risk group and 2.3% (0.8–5.5%) 
in the high-risk group. In a post hoc analysis conducted 
with patients treated according to the recommended study 

treatment guidelines, the primary outcome of the study was 
also achieved as previously estimated, with locoregional 
recurrence rates of 2.3% (0.8–5.3%), 1.0% (0.2–3.4%) and 
1.4% (0.3–4.5%) for the low, intermediate and high-risk 
groups, respectively. RAPCHEM was the first prospective 
study to report data on de-escalating radiotherapy according 
to patient response following NAC.

Prospective randomized study

The NSABP B-51 was a phase III, multicenter, randomized 
clinical trial that evaluated whether patients with breast 
cancer and initially clinically positive axilla (cT1-3 cN1 
M0) who achieved axillary pCR (ypN0) following NAC 
benefited from PMRT + RNI in cases of mastectomy or 
WBI associated with RNI in cases of BCS (23). Axillary 
status was determined by fine-needle aspiration or core 
needle biopsy. Axillary surgery following NAC could be 
ALND or SLNB with or without ALND. The patients were 
stratified according to type of surgery, hormone receptor 
status, HER2 status, whether adjuvant chemotherapy was 
given and whether pCR of the breast was achieved. In the 
radiotherapy group, PMRT + RNI was given in cases of 
mastectomy and WBI + RNI in cases of BCS, while the 
experimental group was given radiotherapy alone in cases 
of BCS. The primary outcome was the invasive breast 
cancer recurrence-free interval (IBCRFI). The IBCRFI 
was defined as local, regional or distant invasive recurrence 
or breast cancer-specific death. Secondary endpoints were 
the isolated locoregional recurrence-free interval, distant 
recurrence-free interval, disease-free survival, overall 
survival and toxicity. Between 2013 and 2020, 1,556 patients  
(RNI: 772/no RNI: 784) were analyzed. Around 40% of 
the patients were ≤49 years of age; 20% of cases were cT3; 
21% were triple-negative and 56% were HER2 positive. 
Mastectomy was the form of surgery performed in 42% 
of cases, and SLNB was the axillary procedure performed 
in 55%. In 22% of cases, pCR of the breast was not 
achieved and adjuvant chemotherapy was given in only 
1% of cases. After a mean follow-up time of 59.5 months 
(range, 40.7–74.1 months), there was no difference between 
the groups with respect to the primary study outcome 
(IBCRFI): the estimated 5-year rate was 92.7% (50 events)  
in the RNI group compared to 91.8% (59 events) in the 
group of patients who did not receive radiotherapy (HR: 
0.88; 95% CI: 0.60–1.29; P=0.51). Evaluation of the 
secondary endpoints showed no statistically significant 
difference between the groups (Table 2). Evaluation of the 
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subgroups with respect to the principal outcome showed 
no differences in relation to age (P=0.09), type of breast 
surgery (P=0.28), type of axillary surgery (P=0.42), hormone 
receptor status (P=0.17), HER2 overexpression (P=0.47) or 
pCR of the breast (P=0.59). On the other hand, the triple-
negative subtype appeared to benefit more in the non-
irradiated group (HR: 2.30; 95% CI: 1.00–5.25), while with 
the hormone-positive subtype there was a trend towards an 
advantage with irradiation (HR: 0.41; 95% CI: 0.17–0.99); 
however, the small number of events in these analyses 
has to be taken into account. No deaths or unexpected 
intoxications related to the treatment occurred.

Discussion

Key findings

This scoping review further supports the de-escalation of 
PMRT and RNI in selected patients who achieve axillary 
pCR following NAC. The prospective studies evaluated 
here, as well as most of the retrospective studies, with some 
exceptions (26-28,30,38), failed to show any significant 
benefit from the addition of radiotherapy in ypN0 cases, 
particularly in cases with clinical criteria similar to those of 
the NSABP B-51 study, the first randomized clinical trial 
presented in this scenario; however, yet to be published in 
its entirety (23). 

Strengths and limitations

There are some limitations associated with this review 
that need to be mentioned. First, only one randomized 
study was included (NSABP B-51), the results of which 

have yet to be published in full, with only the abstract and 
the paper presented at the San Antonio Symposium being 
presently available. Most of the other studies included 
are retrospective longitudinal studies with considerable 
heterogeneity, hence hampering the evaluation of many 
factors, including cases of tumor stage T3, many of which 
were analyzed in conjunction with T4. The description 
of the mastectomy technique used, as well as the type of 
axillary surgery, constitutes another limitation. At the 
beginning of the NSABP B-51 study, axillary dissection was 
the standard, even after clinical response and axillary pCR. 
There are no data on the technique used in SLNB and 
it is unknown whether the false-negative rate could have 
affected the outcomes in this respect.

The strengths of this review include the fact that the 
studies examined here involved patients who underwent 
modern systemic therapy between January 2010 and May 
2024, having, therefore, a greater chance of achieving pCR 
after NAC. No studies involving patients who underwent 
upfront surgery were included. Two prospective studies 
were included, one of which was a randomized phase III 
trial. To the best of our knowledge, this is the first review of 
its kind to incorporate findings from the NSABP B-51 trial 
into this analysis.

Comparison with similar research

These data show the impact of systemic therapy on the 
prognosis of these patients due to the reduction in disease 
volume after NAC. This contradicts previous understanding 
that radiotherapy should be recommended based on the 
disease volume at the time of diagnosis. Although most 
studies included in this review are retrospective, real-world 

Table 2 Outcomes of the NSABP B-51 study

Outcome
Events (%)

HR (95% CI) P value
RNI No RNI

IBCRFI 50 (92.7) 59 (91.8) 0.88 (0.60–1.29) 0.51

ILRRFI 4 (99.3) 11 (98.4) 0.37 (0.12–1.16) 0.088

DRFI 46 (93.4) 48 (93.4) 1.00 (0.67–1.51) 0.99

DFS 85 (88.3) 83 (88.5) 1.06 (0.79–1.44) 0.69

OS 49 (93.6) 45 (94.0) 1.12 (0.75–1.68) 0.59

RNI: regional radiotherapy (PMRT/nodal with mastectomy and nodal with breast-conserving surgery); no RNI (only radiotherapy of the 
breast at breast-conserving surgery). CI, confidence interval; DFS, disease-free survival; DRFI, distant recurrence-free interval; HR, hazard 
ratio; IBCRFI, invasive breast cancer recurrence-free interval; ILRRFI, isolated locoregional recurrence-free interval; NSABP, National 
Surgical Adjuvant Breast and Bowel Project; OS, overall survival; RNI, regional nodal irradiation.
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data are welcome and valid for governmental organizations 
and medical societies (42-44). Nevertheless, gaps in 
information persist, leading the way for discussions on the 
benefit of radiotherapy.

Explanations of findings

One of the principal points of debate on the results of the 
NSABP B-51 study focuses on the absence of any benefit of 
radiotherapy on initially T3 tumors, traditionally associated 
with a significant effect at upfront surgery (23). Indeed, 
several of the retrospective studies evaluated in this analysis 
have found a benefit in initially more advanced tumors, 
even in ypN0 following NAC (27,30). On the other hand, 
retrospective studies prevent a more reliable evaluation in 
this setting due to their very design, with the possibility 
of numerous associated biases such as the joint inclusion 
and analysis of T3/4 tumors or even of more advanced 
axillary disease (cN2). Analysis of the NSABP B-51 shows 
that around 20% of patients in each group were T3, 
with no subgroup analysis of these cases being presented 
separately and no information on how many of these 
patients underwent mastectomy, although we do not believe 
there would be any change in this specific scenario. The 
NSABP B-51 did not include initially cN2 patients. A study 
conducted by the Italian Association of Radiation Therapy 
and Clinical Oncology (AIRO) evaluated the effect of loco-
regional radiation therapy for operated patients in clinical 
stage cN2 at diagnosis and ypN0 after NAC: in this meta-
analysis, the small number of studies and heterogeneity did 
not allow do draw definitive conclusions (45).

Another important topic of debate is the impact of 
radiotherapy on breast cancer with aggressive biology, 
particularly triple-negative tumors, even in cases of ypN0. 
Some analyses, including some studies contained in this 
review, show the particular benefit of PMRT in hormone 
receptor-negative breast cancer (28,38). Other studies, 
including the NSABP B-51, in which 20% of cases were 
of this subtype, failed to show any benefit of radiotherapy 
(PMRT or RNI) on hormone receptor-negative breast 
cancer following NAC and ypN0. Indeed, in the analysis 
of subgroups in the randomized study, these cases appeared 
to be those that least benefitted from radiotherapy (23). 
There are two points that need to be mentioned: first, 
the 5-year follow-up in the NSABP B-51 study appears 
to be sufficient to capture most of the events in this type 
of disease and, second, with the advent of new treatments 
such as neoadjuvant immunotherapy in which the rate of 

pCR (breast and axilla) exceeds 60%, a possible benefit of 
radiotherapy appears highly improbable (18). In relation to 
the time of follow-up, the hormone-positive subtype may 
demand further attention, since a considerable proportion 
of recurrences appear after more than five years of follow-
up (46). A subject linked to these discussions is the absence 
of breast pCR in which some analyses may suggest some 
impact of radiotherapy in cases of important residual 
disease (ypT2 or higher). In the analysis of subgroups in 
the NSABP B-51, no benefit was found in 20% of the 
cases that failed to achieve pCR of the breast; however, the 
disease volume was not described separately. On the other 
hand, there are some drugs that could be used in adjuvant 
therapy that were not yet readily available for the patients 
with high-risk residual disease in those analyses, including 
capecitabine, T-DM1, abemaciclib and olaparib in cases 
with the BRCA mutation (10,11,47,48).

The type of surgery performed has also been a subject 
of debate following presentation of the NSABP B-51 study, 
as the absence of PMRT could affect outcomes in cases of 
nipple- and areola-sparing mastectomy due to the increased 
risk of leaving residual breast tissue in patients. In our 
opinion, in addition to the question that residual breast 
tissue following mastectomy does not necessarily imply a 
greater risk of recurrence, this subject is not specifically 
related to the benefit of PMRT but, rather, to the quality 
of the technique used, and cases should be evaluated on an 
individual basis regarding the need for this treatment (49). 
Indeed, up to the present time, the NSABP B-51 study 
has not presented information on the type of mastectomy 
performed, although mastectomy was carried out in 42% of 
cases. In relation to the axilla, in many older studies ALND 
was the surgical procedure used in most cases with positive 
axillary nodes at initial diagnosis, even when axillary pCR 
was achieved. More recently, following presentation of the 
results of some phase II studies and institutional analyses, 
SLNB has been performed, with very low rates of axillary 
recurrence irrespective of the type of tracer used (6,50,51). 
In the NSABP B-51, 58% of the patients underwent SLNB; 
however, subgroup analysis showed radiotherapy to have 
had no effect. Nevertheless, up to the present time, no 
data have been presented on the type of technique used 
in these cases. Conversely, the present review consistently 
found benefit in the studies, particularly of PMRT in cases 
with residual disease of the lymph nodes (ypN+), mainly in 
ypN2 disease. This type of disease is known to be associated 
with a high rate of locoregional recurrence irrespective of 
the type of surgery performed and it appears reasonable to 
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affirm that radiotherapy should be routinely recommended 
in such cases.

Implications and actions needed

The current findings challenge the earlier belief that 
radiotherapy recommendations for patients undergoing 
NAC should be based on the disease volume at breast cancer 
diagnosis. However, as gaps in information remain, other 
studies are required on the advantages of radiotherapy. 

Conclusions

The studies evaluated in conjunction in this analysis appear 
to show that in cases of axillary pCR (ypN0) following 
NAC in patients with breast cancer and initially positive 
axilla (cT1-3 cN1 M0), no benefit is gained from PMRT 
or RNI. Conversely, in cases of initially more advanced 
clinical staging (cT4 cN2/3) or residual lymph node disease, 
radiotherapy should be recommended. Further studies are 
required to confirm these findings.
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