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Abstract
The necessity of postmastectomy radiotherapy (PMRT) for patients whose initially posi-
tive lymph nodes become node-negative (ypN0) after neoadjuvant therapy (NAT) is
uncertain. This study analyzed data from the Surveillance, Epidemiology, and End
Results database to evaluate PMRT’s effect on these patients. Women with unilateral
breast cancer who achieved ypN0 status post-NAT from 2010 to 2019 were categor-
ized into PMRT and non-PMRT groups. Propensity score matching (PSM) minimized
confounding factors. Statistical tests and multivariate analysis identified survival prognos-
tic factors, while Kaplan-Meier curves and forest plots assessed survival outcomes. The
study involved 699 cases, with 458 receiving PMRT and 241 not. After matching, 194
patient pairs were examined. Multivariate analysis revealed stage III disease (hazard ratio:
2.06; 95% CI: 1.12-3.79, p = 0.02) and lack of PMRT (hazard ratio: 2.48; 95% CI: 1.31-
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4.62, p = 0.01) as independent survival risk factors. PMRT significantly improved overall
survival (hazard ratio: 0.43; 95% CI: 0.26-0.72, p < 0.001), especially in patients with clin-
ical node status cN+ (cN1, hazard ratio: 0.47; 95% CI: 0.25-0.88, p = 0.016; cN2-3
hazard ratio: 0.35; 95% CI: 0.15-0.86, p = 0.017, respectively), grade 3 tumors(hazard
ratio: 0.47; 95% CI: 0.25-0.88, p = 0.016), stage III disease (hazard ratio: 0.47; 95%
CI: 0.26-0.83, p = 0.007), and triplenegative breast cancer (hazard ratio: 0.15; 95%
CI: 0.05-0.42, p < 0.001). However, it did not significantly benefit those with grade 1-
2 tumors, stage II disease, HER2-positive, or hormone receptor-positive/HER2-negative
tumors. The study suggests PMRT may not be necessary for these groups, particularly
for HR-positive/HER2-negative grade 1-2 with stage II disease, due to limited short-
term benefits.

Keywords
Breast cancer, neoadjuvant therapy, postmastectomy radiotherapy, SEER database,
stage II–III

Introduction
Breast cancer is the most common cancer among women, with incidence rates increasing
annually.1 Despite significant advancements in patient care and treatment, which
have resulted in a 5-year survival rate of up to 90%,2 several challenges remain
unresolved.

Neoadjuvant therapies (NATs), including neoadjuvant chemotherapy (NAC), endo-
crine therapy, and targeted therapy, have become increasingly common for the treatment
of breast cancer prior to surgery. Both the European Society for Medical Oncology and
the National Comprehensive Cancer Network (NCCN) consistently recommend the
implementation of NAC in patients with hormone receptor (HR)-positive, human epider-
mal growth factor-2 (HER2)-negative tumors larger than 5 cm or those involving more
than three lymph nodes.3,4 Furthermore, a substantial proportion of patients diagnosed
with triple-negative breast cancer is recommended to undergo NAC, while for
HER2-positive patients, the administration of NAC in combination with targeted therapy
is advised.3,4 Mamounas et al. conducted a combined analysis of the NSABP B-18 and
B-27 trials to investigate predictive factors for locoregional recurrence (LRR) after NAC.
They found that pathological response (e.g. pathologic complete response (pCR)) and
axillary lymph node status had a significant impact on LRR risk. The study indicated
that patients who achieved pCR and had negative axillary lymph nodes had a significantly
reduced risk of LRR, suggesting the potential for reduced radiotherapy use in patients
with favorable pathological responses. However, the study did not explore in depth the
specific value of postoperative radiotherapy in node-negative (ypN0) patients.5

Postmastectomy radiotherapy (PMRT) represents a critical therapeutic strategy for
patients receiving NAT, as it has the potential to improve locoregional control and overall
survival (OS).6 Nonetheless, PMRT is associated with side effects that can adversely
impact patients’ quality of life.7,8 Therefore, the selection of appropriate candidates for
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PMRT following NAT is of paramount importance. NCCN guidelines recommend that
decisions related to administration of adjuvant radiotherapy for patients receiving NAT
should be made based on maximal stage (i.e. clinical/anatomic stage, tumor characteris-
tics) at diagnosis (before preoperative systemic therapy), and pathologic stage at defini-
tive surgery (after preoperative systemic therapy).4 However, some breast cancer
radiotherapy guidelines lack explicit recommendations concerning the application of
PMRT after NAT.9 Despite previous studies on PMRT, there remains a lack of high-level
evidence guiding its use in ypN0 patients after NAT. Our study aims to fill this gap by
leveraging Surveillance, Epidemiology, and End Results (SEER) data to evaluate its
impact on OS. Studies have demonstrated that approximately 20–40% of patients with
clinically node-positive breast cancer who undergo NAC exhibit pathological ypN0
upon subsequent examination, and ypN0 has been identified as an independent prognos-
tic marker indicative of favorable outcomes in breast cancer patients.10,11 However, the
necessity of PMRT for patients who experience positive lymph node conversion to ypN0
following NAT remains uncertain.

This study focused on patients diagnosed with clinically node-positive breast cancer
who demonstrated pathologically negative nodes after NAT. Utilizing data from the
SEER database, the study examined the relationship between clinicopathological charac-
teristics and prognostic factors. Additionally, it investigated whether patients within this
category experienced a significant survival benefit from PMRT.

Materials and methods

Data acquisition and patient selection
The cases included in this study were from the SEER database. The analysis included
women diagnosed with primary unilateral breast cancer between 2010 and 2019 who
had no prior history of cancer. The patients who achieved nodal downstaging to ypN0
following NAT were included. Patients who underwent breast-conserving surgery and
did not undergo mastectomy procedures were excluded from the analysis.
Furthermore, cases involving pathological tissue types such as sarcoma, carcinosarcoma,
or pseudo-sarcoma-like carcinoma, as well as those with incomplete basic information or
pathological features of the tumor, were excluded. Patients with an unknown radiother-
apy status were also excluded from the analysis.

We used SEER*Stat software (version 8.4.0.1) to generate a comprehensive case
listing including the following variables: age at diagnosis, race, marital status, tumor
site, tumor location, pathological type, degree of tumor differentiation, surgical modal-
ity, clinical stage, T stage, N stage, estrogen receptor (ER) status, progesterone receptor
(PR) status, human epidermal growth factor receptor-2 (HER-2) status, molecular sub-
typing, history of NAC, history of radiation therapy, follow-up duration, and survival
status. The follow-up period extended until November 2022, with a median follow-up
duration of 49 months. The primary endpoint of this study was to determine OS,
defined as the duration from the pathological diagnosis of breast cancer to the date
of death.
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Statistical methods
The data was analyzed using R-studio statistical software and SPSS 26. A 1:1 propensity
score matching (PSM) was conducted with a caliper value of 0.02 to mitigate the effects
of data bias and confounding variables. Categorical variables were analyzed using the
chi-square test or Fisher’s exact test. Multivariate analysis was conducted to identify
independent prognostic factors influencing survival. PSM (1:1 caliper= 0.02) was
selected over other methods (e.g. inverse probability weighting) to directly balance cov-
ariates between groups, as it reduces selection bias in observational studies. Missing vari-
ables were addressed using multiple imputation with predictive mean matching. Survival
outcomes were assessed using the Kaplan–Meier survival curve, and subgroup analyses
were presented as a forest plot. A p-value of less than 0.05 was considered statistically
significant.

Results
A total of 699 breast cancer cases were included in this study, with 458 cases in the
PMRT group and 241 cases in the non-PMRT group, based on the specified inclusion
and exclusion criteria. The flowchart is shown in Figure 1.

Comprehensive demographic, clinicopathological, treatment, and survival data were
obtained from all participants. The demographic and clinicopathological characteristics
of the eligible patients are presented in Table 1. Analysis revealed that the decision to
undergo PMRT was independent of variables such as age, race, marital status, tumor
location, tumor position, histological type, degree of tumor differentiation, HR and
HER2 status, and molecular subtyping of breast cancer. However, a statistically signifi-
cant association was observed between the decision to undergo PMRT and clinical stage,
T stage, and N stage (p < 0.05) (Table 1). The selection of PMRT was more common
among patients with higher T staging, lymph node metastasis. Kaplan–Meier curves indi-
cated that PMRT did not achieve statistical significance (p= 0.152) (Figure 2).

After performing PSM on the baseline data of the two groups and excluding 311
patients without corresponding propensity score, a total of 194 matched pairs of patients
were obtained. The p-values for all covariates after matching exceeded 0.1, indicating
successful PSM (Table 2).

We next performed univariate and multivariate analysis to identify the risk factors for
OS (Table 3). Univariate analysis revealed that unmarried status (hazard ratio: 1.68; 95%
confidence interval [CI]: 1.03–2.75, p= 0.03), stage III disease (hazard ratio: 2.15; 95%
CI: 1.17–3.95, p= 0.01) and the absence of PMRT (hazard ratio: 2.36; 95% CI: 1.23–
4.54, p= 0.009) were risk factors and multivariate analysis identified stage III disease
(hazard ratio: 2.06; 95% CI: 1.12–3.79, p= 0.02) and the absence of PMRT (hazard ratio:
2.48; 95% CI: 1.31–4.62, p= 0.01) as independent risk factors for breast cancer patients
in the study.

We subsequently conducted a survival analysis on these patient cohorts and found that
PMRT significantly improved OS (hazard ratio: 0.43; 95% CI: 0.26–0.72, p < 0.001)
(Figure 3). The improvement in OS with PMRT was observed across most subgroups
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(Figure 4). Specifically, PMRT did not improve OS in patients with grade 1 and grade 2
tumors (hazard ratio: 0.44; 95% CI: 0.16–1.2, p= 0.11); however, a significant improve-
ment in OS was observed in patients with grade 3 tumors (hazard ratio: 0.47; 95% CI:
0.25–0.88, p= 0.016) (Figure 5). Patients with stage II disease did not derive benefit
from PMRT (hazard ratio: 0.33; 95% CI: 0.1–1.08, p= 0.067), whereas those with stage
III disease did (hazard ratio: 0.47; 95% CI: 0.26–0.83, p= 0.007) (Figure 5).
Additionally, patients with cN1 and cN2–3 breast cancer both experienced benefits
from PMRT (hazard ratio: 0.47, 95% CI: 0.25–0.88, p= 0.016; hazard ratio: 0.35;
95% CI: 0.15–0.86, p= 0.017, respectively) (Figure 5). Furthermore, a subgroup analysis
was conducted for HER2-positive tumors, hazard ratio-positive HER2-negative tumors,
and triple-negative breast cancer. The results indicated that patients with triple-negative
breast cancer significantly benefited from PMRT (hazard ratio: 0.15; 95% CI: 0.05–0.42,
p < 0.001), whereas patients with other molecular subtypes did not exhibit a similar bene-
fit. For example, patients with grade 1–2 tumors, stage II disease, HER2-positive tumors,

Figure 1. Inclusion case screening flowchart.
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Table 1. Demographic and clinical characteristics in breast cancer patients before PSM.

Variable

Total population, N
(%)
(n= 699)

PMRT, N (%)
(n= 458)

Non-PMRT,
N (%)
(n= 241) p-Value

Age (years) 0.5731
<40 117 (16.7) 79 (17.2) 38 (15.8)
40–60 404 (57.8) 268 (58.5) 136 (56.4)
>60 178 (25.5) 111 (24.2) 67 (27.8)

Race 0.6228
Black 145 (20.7) 100 (21.8) 45 (18.7)
Caucasian 480 (68.7) 310 (67.7) 170 (70.5)
Others 74 (10.6) 48 (10.5) 26 (10.8)

Marital status 0.1098
Unmarried 332 (47.5) 207 (45.2) 125 (51.9)
Married 367 (52.5) 251 (54.8) 116 (48.1)

Type of pathology 0.7729
Ductal carcinoma 586 (83.8) 385 (84.1) 201 (83.4)
Lobular carcinoma 18 (2.6) 13 (2.8) 5 (2.1)
Others 95 (13.6) 60 (13.1) 35 (14.5)

Degree of differentiation 0.072
Poor differentiation 490 (70.1) 310 (67.7) 180 (74.7)
Well and moderate
differentiation

146 (20.8) 98 (21.4) 48 (19.9)

Undifferentiated 2 (0.3) 2 (0.4) 0
Unknown 61 (8.7) 48 (10.5） 13 (5.4)

Surgical modality 1
Modified radical
mastectomy

675 (96.6) 442 (96.5) 233 (96.7)

Radical mastectomy 24 (3.4) 16 (3.5) 8 (3.3)
Clinical staging <0.001*

II 219 (31.3) 113 (24.7) 106 (44.0)
III 480 (68.7) 345 (75.3) 135 (56.0)

Clinical T-staging 0.0009995*
T1 66 (9.4) 35 (7.6) 31 (12.9)
T2 223 (31.9) 129 (28.2) 94 (39.0)
T3 169 (24.2) 120 (26.2) 49 (20.3)
T4 241 (34.5) 174 (38.0) 67 (27.8)

Clinical N-staging 0.002658*
N1 498 (71.2) 311 (67.9) 187 (77.6)
N2 105 (15.0) 70 (15.3) 35 (14.5)
N3 96 (13.7) 77 (16.8) 19 (7.9)

Yp T-staging 0.153
T1 87 (12.4) 53 (60.9) 34 (39.1)
T2 293 (41.8) 187 (63.8) 106 (36.2)
T3 261 (37.2) 184 (70.4) 77 (29.6)
Unknown 58 (8.2) 34 (58.6) 24 (41.4)

HR status 0.449

(continued)

6 Science Progress 108(2)



and hazard ratio-positive/HER2-negative tumors did not show a statistically significant
improvement in OS with PMRT.

Discussion
Adjuvant radiotherapy is an important therapeutic scheme for breast cancer, which can
significantly reduce LRR and improve survival.4 However, high-quality evidence to

Table 1. Continued.

Variable

Total population, N
(%)
(n= 699)

PMRT, N (%)
(n= 458)

Non-PMRT,
N (%)
(n= 241) p-Value

HR− 444 (63.5) 296 (64.6） 148 (61.4）
HR+ 255 (36.5) 162 (35.4) 93 (38.6)

HER2 status 0.741
HER2− 425 (60.8) 281 (61.4) 144 (59.8)
HER2+ 274 (39.2) 177 (38.6) 97 (40.2)

Molecular subtyping 0.7038
HR−/HER2− 295 (42.2) 200 (43.7) 95 (39.4)
HR−/HER2+ 149 (21.3) 96 (21.0) 53 (22.0)
HR+/HER2− 130 (18.6) 81 (17.7) 49 (20.3)
HR+/HER2+ 125 (17.9) 81 (17.7) 44 (18.3)

Note: PMRT: postmastectomy radiotherapy; HR: hormone receptor; HER2: human epidermal growth factor-2;
PSM: propensity score matching.
An asterisk (*) denotes statistical significance.

Figure 2. Kaplan–Meier (K–M) curves before propensity score matching (PSM).
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Table 2. Demographic and clinical characteristics in breast cancer patients after PSM.

Variable

Total population, N
(%)
(n= 388)

PMRT, N
(%)
(n= 194)

Non-PMRT, N
(%)
(n= 194) p-Value

Age (years) 0.449
<40 61 (15.7) 26 (13.4) 35 (18.0)
40–60 229 (59.0) 117 (60.3) 112 (57.7)
>60 98 (25.3) 51 (26.3) 47 (24.2)

Race 0.873
Black 74 (19.1) 39 (20.1) 35 (18.0)
Caucasian 269 (69.3) 133 (68.6) 136 (70.1)
Others 45 (11.6) 22 (11.3) 23 (11.9)

Marital status 0.76
Unmarried 182 (46.9) 89 (45.9) 93 (47.9)
Married 206 (53.1) 105 (54.1) 101 (52.1)

Type of pathology 0.823
Ductal carcinoma 331 (85.3) 167 (86.1) 164 (84.5)
Lobular carcinoma 9 (2.3) 5 (2.6) 4 (2.1)
Others 48 (12.4) 22 (11.3) 26 (13.4)

Degree of differentiation 0.708
Poor differentiation 277 (71.4) 135 (69.6) 142 (73.2)
Well to moderately
differentiated

81 (20.8) 42 (21.7) 39 (20.1)

Unknown 30 (7.7) 17 (8.8) 13 (6.7)
Surgical modality 1

Modified radical
mastectomy

373 (96.1) 187 (96.4) 186 (95.9)

Radical mastectomy 15 (3.9) 7 (3.6) 8 (4.1)
Clinical staging 0.916

II 140 (36.1) 71 (36.6) 69 (35.6)
III 248 (63.9) 123 (63.4) 125 (64.4)

Clinical T-staging 0.438
T1 39 (10.1) 22 (11.3) 17 (8.8)
T2 140 (36.1) 71 (36.6) 69 (35.6)
T3 83 (21.4) 35 (18.0) 48 (24.7)
T4 126 (32.5) 66 (34.0) 60 (34.9)

Clinical N-staging 0.909
N1 282 (72.7) 140 (72.2) 142 (73.2)
N2+N3 106 (27.3) 54 (27.8) 52 (26.8)

Yp T-staging 0.490
T1 50 (12.8) 29 (58.0) 21 (42.0)
T2 166 (42.7) 83 (50.0) 83 (50.0)
T3 133 (34.2) 61 (45.9) 72 (54.2)
Unknown 39 (10.0) 21 (53.8) 18 (46.2)

HR status 0.531
HR− 239 (61.6) 116 (59.8) 123 (63.4)
HR+ 149 (38.4) 78 (40.2) 71 (36.6)

(continued)
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guide PMRT decisions in the patients following NAT, especially those with ypN0 status,
remains lacking. Here, we presented a comprehensive analysis of the impact of PMRT on
OS in patients treated with NAT who achieve ypN0 status, utilizing data from the SEER
database.

To mitigate selection bias, PSM was employed, resulting in more accurately matched
baseline characteristics between the PMRT and non-PMRT groups. Multivariate Cox
regression analysis identified the absence of PMRT as independent prognostic factor
for poor survival. Concurrently, our survival analysis of the patients in this study demon-
strated that PMRT was associated with improved OS. This positive association was
observed across most subgroups, including the patients with N1 disease. For patients
with N2 and N3 disease, the majority of studies corroborate the benefit of PMRT.12,13

Consistent with our findings, Rusthoven et al. evaluated the impact of PMRT on women
with cT1–3 cN1 M0 breast cancer treated with NAC using data from the National Cancer
Database and demonstrated that PMRT was independently associated with improved OS
among ypN0 (hazard ratio: 0.729, 95% CI: 0.566–0.939, p= 0.015).14 Another retro-
spective study suggested that PMRT improved LRR-free survival (a 5-year rate of
94.7% vs. 72.9%), distant metastasis-free survival (a 5-year rate of 92.8% vs. 75%),
and disease-free survival (a 5-year rate of 92.9% vs. 62.5%) in the subgroup of 53 patients
who achieved ypN0 status.15 Conversely, several other studies have reported conflicting
results, suggesting that PMRT may not be necessary for ypN0 breast cancer patients.16–19

Possible reasons for this discrepancy in findings may stem from variations in the sample
sizes of the study populations. While awaiting prospective results, the present analysis
supports the application of PMRT in patients with ypN0 status.

Our analyses identified stage III as an independent prognostic factor for patients who
initially presented with clinically positive nodes and subsequently converted to ypN0.
Subgroup analysis further revealed that patients with stage III significantly benefited
from PMRT, whereas those with stage II did not. The findings aligned with previous

Table 2. Continued.

Variable

Total population, N
(%)
(n= 388)

PMRT, N
(%)
(n= 194)

Non-PMRT, N
(%)
(n= 194) p-Value

HER2 status 0.300
HER2− 233 (60.1) 111 (57.2) 122 (62.9)
HER2+ 155 (39.9) 83 (42.8) 72 (37.1)

Molecular subtyping 0.445
HR−/HER2− 155 (39.9) 70 (36.1) 85 (43.8)
HR−/HER2+ 84 (21.6) 46 (23.7) 38 (19.6）
HR+/HER2− 78 (20.1) 41 (21.1) 37 (19.1)
HR+/HER2+ 71 (18.3) 37 (19.1) 34 (17.5)

Note: PMRT: postoperative radiotherapy; HR: hormone receptor; HER2: human epidermal growth factor-2;
PSM: propensity score matching.

Wang et al. 9



Table 3. Univariate and multivariate analysis comparing overall survival among selected variables
in breast cancer patients after PSM.

Variable
Univariable analysis Multivariable analysis

Hazard ratio
(95% CI) p-Value

Hazard ratio
(95% CI) p-Value

Age (years)
<40 reference
40–60 1.08 (0.51–2.34) 0.82
>60 1.62 (0.72–3.65) 0.24

Race
Black reference
Caucasian 0.76 (0.41–1.39) 0.38
Others 1.12 (0.48–2.6) 0.77

Marital status
Married reference reference
Unmarried 1.68 (1.03–2.75) 0.03 1.6 (0.98–2.61) 0.06

Type of pathology
Ductal carcinoma reference
Lobular carcinoma 1.19 (0.61–2.33) 0.61

Degree of differentiation
Well and moderate differentiation reference
Poor differentiation 1.373 (0.808–2.331) 0.41

Surgical modality
Modified radical mastectomy reference
Radical mastectomy 0.95 (0.23–3.9) 0.95

Clinical staging
II reference reference
III 2.15 (1.17–3.95) 0.01 2.06 (1.12–3.79) 0.02

Clinical T-staging
T1 reference
T2 1.13 (0.38–3.38) 0.81
T3 1.6 (0.53–4.83) 0.4
T4 2.24 (0.78–6.38) 0.13

Clinical N-staging
N1 reference
N2–3 1.37 (0.82–2.29) 0.21

HR status
HR− reference
HR+ 0.66 (0.39–1.12) 0.13

HER2 status
HER2− reference
HER2+ 0.76 (0.46–1.27) 0.30

Molecular typing
HR−/HER2− reference reference
HR−/HER2+ 0.808 (0.42–1.52) 0.51
HR+/HER2− 0.68 (0.34–1.36) 0.28
HR+/HER2+ 0.54 (0.26–1.15) 0.11

(continued)
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research indicating that PMRT improved local control even in patients with stage III dis-
ease who achieve a pCR to NAC.12,20,21 A prospective registry study (RAPCHEM,
BOOG 2010-03) included patients with clinical stage T1-2N1 (stage II) breast cancer
who underwent primary chemotherapy followed by breast and axillary surgery, con-
ducted between January 1, 2011 and January 1, 2015. The 5-year LRR rate was 2.1%
(0.9–4.3) in the ypN0 group, supporting the oncological safety of de-escalating locore-
gional radiotherapy based on LRR risk.22 However, two other retrospective studies
demonstrated that PMRT might not be necessary for ypN0 patients after NAC, irrespect-
ive of clinical stage.10,19 It is important to note that the patients included in these studies
were treated between 1990 and 2009, which could influence the results. Based on the
aforementioned findings and those from previous studies, we recommend that stage III
patients with ypN0 status after NAT should receive PMRT.

Table 3. Continued.

Variable
Univariable analysis Multivariable analysis

Hazard ratio
(95% CI) p-Value

Hazard ratio
(95% CI) p-Value

Postoperative treatment modalities
PMRT 0.24 (0.08–0.73) 0.01 0.26 (0.08–0.84) 0.02
Non-PMRT reference reference

Note: 95% CI: 95% confidence interval; HR: hormone receptor; HER2: human epidermal growth factor-2;
PMRT: postmastectomy radiation therapy; reference: control group, within-group HR= 1; NA: represents any
values that are “not available” or “missing”; PSM: propensity score matching.

Figure 3. Kaplan–Meier (K–M) curves after propensity score matching (PSM).
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Additionally, it was observed that PMRT did not confer a survival benefit in certain
subgroups, such as those with HER2-positive tumors and HR-positive/HER2-negative
tumors. Most previous studies on PMRT were conducted during an earlier treatment
era, which did not incorporate molecular analysis.10,12 Several studies have since under-
scored the impact of molecular subtypes on treatment responses, including adjuvant
radiotherapy.23,24 However, only a limited number of studies have investigated the influ-
ence of breast cancer subtypes on PMRT following NAT. A retrospective study, which
reviewed 682 patients with clinical stage II–III breast cancer who underwent NAC and
mastectomy from 2013 to 2017, demonstrated that PMRT was associated with improved
LRR-free survival in patients with triple-negative breast cancer (p= 0.03).25 However, a
study from a Korean cohort reported that PMRT conferred no additional survival benefits
for any molecular subtype in patients who achieved ypN0 status following NAC and mast-
ectomy.26 Our findings indicated that patients with grade 1 and grade 2 tumors, as well as
those with non-ductal invasive tumors, experience less pronounced short-term benefits
from PMRT. Further prospective studies are warranted to validate these observations.

The NRG Oncology/NSABP B-51/RTOG 1304 study is a pivotal prospective phase
III randomized controlled trial designed to evaluate whether breast cancer patients who
achieve nodal clearance (ypN0) after NAC require comprehensive postoperative
regional radiotherapy.27 Its significance lies in being the first study to provide high-
quality evidence on the feasibility of radiotherapy de-escalation after NAC. If the

Figure 4. Forest plot of the effect of postmastectomy radiotherapy (PMRT) on overall survival
(OS) improvement.
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results confirm that radiotherapy can be safely omitted, it will significantly reduce
treatment-related toxicity, improve patients’ quality of life, and offer critical guidance
for clinical practice.28

This study had several limitations. First, the database reports OS without including
other survival outcomes such as local or distant recurrence. Second, the database lacks
information regarding systemic therapy, including the selection of chemotherapy or tar-
geted regimens and the duration of treatment. Third, selection bias cannot be entirely
eliminated in this retrospective study. Fourth, a notable limitation of this study is the rela-
tively short median follow-up period of 49 months, which may be insufficient to fully
capture the long-term survival benefits, especially in HR-positive patients. Lastly, due
to the ethnic diversity of the SEER database, our findings may not be generalizable to
regions characterized by high levels of ethnic homogeneity. Our study is limited by
the absence of recurrence data and systemic therapy details, which may confound sur-
vival outcomes. Additionally, the retrospective design and short median follow-up (49
months) necessitate cautious interpretation. Future randomized trials (e.g. NRG

Figure 5. Kaplan–Meier survival curves of postmastectomy radiotherapy (PMRT) and non-PMRT
groups in patients with grade 3, AJCC stage III, N1, N+, and hormone receptor (HR)–human
epidermal growth factor-2 (HER2) status after propensity score matching (PSM); the blue curve
represents PMRT, and the yellow curve represents non-PMRT.

Wang et al. 13



Oncology/NSABP B-51) are needed to validate our findings and explore long-term out-
comes. Our study highlights the potential benefit of PMRT in high-risk ypN0 patients but
suggests a more selective approach for low-risk groups. Future studies with recurrence
data and prospective validation are needed to refine treatment guidelines.

Conclusions
This analysis identified the prognostic value of PMRT in patients who underwent NAT
and achieved ypN0 status. The majority of subgroups exhibited improved OS with the
administration of PMRT. However, patients with favorable prognostic characteristics
(such as grade 1–2 tumors, stage II disease, HER2-positive, and HR-positive/
HER2-negative tumors) may derive limited short-term benefit from PMRT. These find-
ings warrant further validation in prospective studies with longer follow-up periods.
These findings suggest that PMRT may be unnecessary for these specific patient cohorts.
Further studies with longer follow-up are needed to confirm these observations.

ORCID iD
Xiaoyu Wang https://orcid.org/0009-0000-7335-8028

Author contributions
Xiaoyu Wang, Xiaolin Zhao, and Pian Cheng: conception and design of the analysis. Xiaoyu
Wang, Xiaomeng Zou, Weike Zhang, and Jie Liu: collection of the data. Pian Cheng, Xiaomeng
Zou, Weike Zhang, and Jie Liu: contribution of the data and analysis of tools. Xiaoyu Wang,
Xiaolin Zhao, and Weike Zhang: perform of the analysis. Xiaoyu Wang, Xiaomeng Zou, and Jie
Liu: conception of the manuscript, reviewing and editing of the manuscript, and final approval
of the version to be published.

Funding
The author(s) disclosed receipt of the following financial support for the research, authorship, and/
or publication of this article: This work was supported by the Natural Science Foundation of
Shandong Province (ZR2020MH210) and the Jinan Medical and Health Science and
Technology Development Project (202303110816).

Declaration of conflicting interests
The author(s) declared no potential conflicts of interest with respect to the research, authorship, and/
or publication of this article.

Ethical approval
The data in this research were obtained from the SEER database following approved guidelines.
The information on patients had been studied by the US Department of Health and
HumanServices. The data are publicly available and deidentified after permission. We confirm
that the research was performed in accordance with the principles stated in the Declaration of

14 Science Progress 108(2)

https://orcid.org/0009-0000-7335-8028
https://orcid.org/0009-0000-7335-8028


Helsinki. No personally identifying information was used in the study, which eliminated the
requirement for Institutional Review Board approval or informed patient consent.

Data availability statement
Publicly available datasets were analyzed in this study. These data can be found at: https://seer.
cancer.gov/data/. Further inquiries can be directed to the corresponding author.

References
1. Sung H, Ferlay J, Siegel RL, et al. Global Cancer Statistics 2020: GLOBOCAN estimates of

incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin 2021;
71: 209–249.

2. Allemani C, Matsuda T, Di Carlo V, et al. Global surveillance of trends in cancer survival
2000–14 (CONCORD-3): analysis of individual records for 37 513 025 patients diagnosed
with one of 18 cancers from 322 population-based registries in 71 countries. Lancet 2018;
391: 1023–1075.

3. Cardoso F, Paluch-Shimon S, Senkus E, et al. 5th ESO-ESMO international consensus guide-
lines for advanced breast cancer (ABC 5). Ann Oncol 2020; 31: 1623–1649.

4. Gradishar WJ, Moran MS, Abraham J, et al. Breast cancer, version 3.2022, NCCN clinical
practice guidelines in oncology. J Natl Compr Cancer Netw 2022; 20: 691–722.

5. Mamounas EP, Anderson SJ, Dignam JJ, et al. Predictors of locoregional recurrence after
neoadjuvant chemotherapy: results from combined analysis of National Surgical Adjuvant
Breast and Bowel Project B-18 and B-27. J Clin Oncol 2012; 30: 3960–3966.

6. Orecchia R. Breast cancer: post-mastectomy radiotherapy reduces recurrence and mortality.
Nat Rev Clin Oncol 2014; 11: 382–384.

7. Soumarová R and Rušinová L. Cardiotoxicity of breast cancer radiotherapy—overview of cur-
rent results. Rep Pract Oncol Radiother 2020; 25: 182–186.

8. Cheng YJ, Nie XY, Ji CC, et al. Long-term cardiovascular risk after radiotherapy in women
with breast cancer. J Am Heart Assoc 2017; 6: 20170521.

9. Chinese Medical Doctor Association, Radiation Oncology Physicians Branch; Yexiong L, Yu
W, et al. Breast cancer radiotherapy guidelines (2020 edition of the Chinese Medical Doctor
Association). Chin J Radiat Oncol 2021; 30: 22.

10. Le Scodan R, Selz J, Stevens D, et al. Radiotherapy for stage II and stage III breast cancer
patients with negative lymph nodes after preoperative chemotherapy and mastectomy. Int J
Radiat Oncol Biol Phys 2012; 82: e1–e7.

11. Saxena N, HartmanM, Aziz R, et al. Prognostic value of axillary lymph node status after neoad-
juvant chemotherapy. Results from a multicentre study. Eur J Cancer 2011; 47: 1186–1192.

12. Huang EH, Tucker SL, Strom EA, et al. Postmastectomy radiation improves local-regional
control and survival for selected patients with locally advanced breast cancer treated with
neoadjuvant chemotherapy and mastectomy. J Clin Oncol 2004; 22: 4691–4699.

13. Huang EH, Tucker SL, Strom EA, et al. Predictors of locoregional recurrence in patients with
locally advanced breast cancer treated with neoadjuvant chemotherapy, mastectomy, and
radiotherapy. Int J Radiat Oncol Biol Phys 2005; 62: 351–357.

Wang et al. 15

https://seer.cancer.gov/data/
https://seer.cancer.gov/data/
https://seer.cancer.gov/data/


14. Rusthoven CG, Rabinovitch RA, Jones BL, et al. The impact of postmastectomy and regional
nodal radiation after neoadjuvant chemotherapy for clinically lymph node-positive breast can-
cer: a National Cancer Database (NCDB) analysis. Ann Oncol 2016; 27: 818–827.

15. Cao L, Ou D, Shen KW, et al. Outcome of postmastectomy radiotherapy after primary sys-
temic treatment in patients with clinical T1-2N1 breast cancer. Cancer Radiother 2018; 22:
38–44.

16. Tan CF, Wang J, Zhong XR, et al. Is postmastectomy radiotherapy necessary for breast cancer
patients with clinically node-positive downstaging to ypN0 after neoadjuvant chemotherapy?
Breast Cancer Res Treat 2024; 206: 45–56.

17. Dai Y, Ma S, Lan A, et al. The impact of postmastectomy radiotherapy on cT1-2N1 breast
cancer patients with ypN0 after neoadjuvant chemotherapy: a retrospective study based on
real-world data. Discov Oncol 2023; 14: 2.

18. Zhang Y, Zhang Y, Liu Z, et al. Impact of postmastectomy radiotherapy on locoregional con-
trol and disease-free survival in patients with breast cancer treated with neoadjuvant chemo-
therapy. J Oncol 2021; 2021: 6632635.

19. Miyashita M, Niikura N, Kumamaru H, et al. Role of postmastectomy radiotherapy after
neoadjuvant chemotherapy in breast cancer patients: a study from the Japanese Breast
Cancer Registry. Ann Surg Oncol 2019; 26: 2475–2485.

20. McGuire SE, Gonzalez-Angulo AM, Huang EH, et al. Postmastectomy radiation improves the
outcome of patients with locally advanced breast cancer who achieve a pathologic complete
response to neoadjuvant chemotherapy. Int J Radiat Oncol Biol Phys 2007; 68: 1004–1009.

21. Swisher SK, Vila J, Tucker SL, et al. Locoregional control according to breast cancer subtype
and response to neoadjuvant chemotherapy in breast cancer patients undergoing breast-
conserving therapy. Ann Surg Oncol 2016; 23: 749–756.

22. 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
results of a Dutch, prospective, registry study. Lancet Oncol 2022; 23: 1201–1210.

23. Kayali M, Abi Jaoude J, Mohammed M, et al. Post-mastectomy radiation therapy in triple-
negative breast cancer patients: analysis of the BEATRICE trial. Ann Surg Oncol 2022; 29:
460–466.

24. Valla M, Vatten LJ, Engstrøm MJ, et al. Molecular subtypes of breast cancer: long-term
incidence trends and prognostic differences. Cancer Epidemiol Biomarkers Prev 2016; 25:
1625–1634.

25. Kim D, Kim JH, Kim IA, et al. Impact of postmastectomy radiation therapy on breast cancer
patients according to pathologic nodal status after modern neoadjuvant chemotherapy. Cancer
Res Treat 2023; 55: 592–602.

26. Cho WK, Park W, Choi DH, et al. The benefit of post-mastectomy radiotherapy in ypN0
patients after neoadjuvant chemotherapy according to molecular subtypes. J Breast Cancer
2019; 22: 285–296.

27. Park KU, Mamounas EP, Katz MHG, et al. Clinical trials for the surgical oncologist: oppor-
tunities and hurdles. Ann Surg Oncol 2020; 27: 2269–2275.

28. Krug D, Baumann R, Budach W, et al. Individualization of post-mastectomy radiotherapy and
regional nodal irradiation based on treatment response after neoadjuvant chemotherapy for
breast cancer: a systematic review. Strahlenther Onkol 2018; 194: 607–618.

16 Science Progress 108(2)


	 Introduction
	 Materials and methods
	 Data acquisition and patient selection
	 Statistical methods

	 Results
	 Discussion
	 Conclusions
	 References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile ()
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 5
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    33.84000
    33.84000
    33.84000
    33.84000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    9.00000
    9.00000
    9.00000
    9.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


