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Abstract
Background: To evaluate the significance and benefit of radiotherapy (RT) in young 
early‐stage breast cancer patients according to different molecular subtypes.
Methods: We conducted a retrospective cohort study utilizing the Surveillance, 
Epidemiology, and End Results database with known hormone receptor (HoR) and 
human epidermal growth factor receptor 2 (HER2) status. Female patients aged 
18‐45, received RT treatment, and diagnosed with stage T1‐3, N0‐3, M0 primary 
breast cancer between 2010 and 2013 were identified.
Results: Of all the 23 148 included patients, 14 708 (63.54%), 3385 (14.62%), 1225 
(5.29%), and 3830 (16.55%) were diagnosed with luminal‐A (HoR + HER2‐), lumi-
nal‐B (HoR + HER2+), HER2‐enriched (HoR‐HER2+), and triple‐negative (HoR‐
HER2‐) breast cancer, respectively. RT was significantly correlated with improved 
overall survival (OS, HR: 0.295; 95% CI:0.138‐0.63, P = 0.002) and breast cancer‐
specific survival (BCSS, HR: 0.328; 95% CI: 0.153‐0.702, P = 0.004) in HER2‐en-
riched patients. In addition, a significantly prolonged OS was also observed when RT 
was given to luminal‐A (HR: 0.696; 95% CI: 0.538‐0.902, P = 0.006) and luminal‐B 
(HR: 0.385; 95% CI:0.199‐0.744, P = 0.005) breast cancer patients compared to 
those without RT. Multivariable‐adjusted analyses showed that HER2 was a signifi-
cant favorable factor for RT benefit in breast cancer patients.
Conclusions: RT could offer significant survival benefit in luminal‐A, luminal‐B, 
and especially HER2‐enriched young early‐stage breast cancer female patients. The 
results enabled clinicians to predict the benefits of RT and improve evidence‐based 
treatment for breast cancer patients.
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1  |   INTRODUCTION

Breast cancer is one of the most common cancers and the 
second leading cause of cancer death among women in 
the United States. Breast cancer is identified as having in-
creased prevalence at younger ages and increased mortality 
rates for these years.1,2 Approximately 11% of breast cancer 
women patients are diagnosed at age younger than 45 years.3 
Compared with older counterparts, they are often accompa-
nied by worse outcome, increased locoregional recurrence 
rate,4 and poorer treatment response owing to its more ag-
gressive behaviors.5,6 The Breast Cancer Education and 
Awareness Requires Learning Young (EARLY) act and prior 
research have identified woman under the age of 45 years 
to be particularly burdened by breast cancer.7,8 In addition, 
researchers investigated that breast cancer women patients 
younger than 45 years are correlated with higher‐than‐ex-
pected frequencies of BRCA mutations, which are associated 
with an 50%‐85% elevated lifetime risk for breast cancer.9,10 
Radiotherapy (RT) could reduce recurrence risks, improve 
local control, and prolong overall survival (OS) which plays 
an indispensable role in the treatment for invasive breast can-
cer patients.11,12

Breast cancer is classified into four major subgroups 
according to hormone receptors (HoR) and human epider-
mal growth factor receptor 2 (HER2) status, namely lu-
minal‐A, luminal‐B, HER2‐enriched, and triple‐negative 
subtypes.13,14 The heterogeneous of subgroups has substan-
tial influence on survivals and recurrence risks of breast 
cancer. Studies have investigated correlations between 
subtypes and response to different treatment strategies 
including chemotherapy, targeted therapy, and endocrine 
therapy in breast cancer. However, despite the majority of 
young patients with localized early‐stage breast cancer re-
ceiving radiotherapy, the effect of HoR and HER2 status 
on benefit of RT in early‐stage breast cancer has not been 
integrated much.15 Thus, this is the first study comparing 
the RT benefit in young women with localized early stage 
breast cancer according to molecular subtypes, which 
could help predicting RT response and improve patient's 
survival by adjusting treatment strategies for individuals 
in the future.

2  |   MATERIALS AND METHODS

2.1  |  Ethics statement
The Surveillance, Epidemiology, and End Results (SEER) 
research data were obtained using the reference number 
14684‐Nov2017. Informed consent is not required. Our 
study was in accordance with the ethical standards of Fudan 
University Shanghai Cancer Center (FDUSCC) and 1964 

Helsinki Declaration. The methods were carried out accord-
ing to the approved guidelines.

2.2  |  Study participants
We collected data of 23 148 patients using SEER*Stat (ver-
sion 8.3.5), which reported cases from 18 population‐based 
registries (1973‐2013) on demographic characteristics in-
cluding age, race, year of diagnosis, as well as laterality, 
grade, histology, TNM stage, ER, PR and HER2 status, 
tumor size, survivals and treatment strategies of patients in 
the United States. This analysis was limited to 18‐45 female 
patients, and diagnosed with stage T1‐3, N0‐3, M0 early‐
stage breast cancer (American Joint Committee on Cancer 
[AJCC] stages I‐IIIC) between 2010 and 2013. The des-
ignation of “young women” with the 18‐45 age range was 
selected based on common clinical practices and previous 
researches.16,17 All patients had complete information re-
garding the receipt of radiotherapy. Patients with ER and PR 
borderline were excluded for the accuracy of results. Patients 
were categorized according to their race (white, black, oth-
ers, or unknown), age (18‐40 or 41‐45 years), laterality (left, 
right, bilateral, or unknown), tumor size (≤2 cm, 2‐5 cm, 
>5 cm, or unknown), breast‐adjusted AJCC sixth T (T1, T2, 
or T3), breast‐adjusted AJCC sixth N (N01, N1, N2, or N3), 
breast‐adjusted AJCC sixth stage (I, IIA, IIB, IIIA, or IIIC), 
grade (I, II, III, IV, or unknown), ER, PR, and HER2 sta-
tus (positive or negative), and radiotherapy (yes or no). For 
molecular phenotyping, we defined HoR + as ER + and/or 
PR+, and HoR‐ as ER‐PR‐, while grouped tumors into four 
categories: luminal‐A (HoR+/HER2‐), luminal‐B (HoR+/
HER2+), HER2‐enriched (HoR‐/HER2+), and triple‐nega-
tive (HoR‐/HER2‐).18,19 Patients diagnosed before 2010 
were excluded since the HER2 status and molecular subtype 
information were not available.

2.3  |  Statistical analysis
The clinicopathological characteristics among different sub-
groups were compared using the Pearson's χ2 test. Breast 
cancer‐specific survival (BCSS) and OS were defined as the 
time from diagnosis to death due to breast cancer and any 
cause, respectively. Kaplan‐Meier analysis was performed 
to generate survival curves. Univariate and multivariate Cox 
hazard model was utilized to compare the prognostic role of 
RT in different subgroups, and calculate the HR and 95% CI. 
Subgroups were dichotomized according to the HoRs, HER2 
status and molecular subtypes. Considering the character-
istics unbalance between the subgroups, propensity score 
matching (PSM) was performed. All statistical analyses were 
performed using SPSS 25.0 software (SPSS, Chicago, IL). 
P < 0.05 was defined as statistically significant.
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3  |   RESULTS

3.1  |  Patient characteristics by molecular 
subtypes

A total of 23 148 young female patients diagnosed with early‐
stage breast cancer in 2010‐2013 were enrolled, including 
16 966 white patients, 3041 black patients, and 2961 patients 
of other races. The demographic and clinicopathological 
characteristics are presented according to molecular subtypes 
in Table 1. The median age of patients was 41 years, 10 468 
(45.2%) were younger than 40 years and 12 680 (54.8%) 
were 40‐45 years. Patients diagnosed with luminal‐A, lu-
minal‐B, HER2‐enriched, and triple‐negative breast cancer 
were 14 708 (63.5%), 3385 (14.6%), 1225 (5.2%) and 3830 
(16.5%), respectively. Radiotherapy was performed in 11 985 
(51.8%) patients. The majority of patients received surgery 
(22 310, 96.4%), and nearly half (45.3%) were performed be-
fore RT. Eight thousand six hundred and sixty‐eight (37.4%), 
7032 (30.4%), 3979 (17.2%), 2618 (11.3%), and 851 (3.7%) 
patients were diagnosed with stage I, IIA, IIB, IIIA, and IIIC, 
respectively. Nine thousand five hundred (41.0%) patients 
had positive lymph node metastasis. The median follow‐up 
was 22 months in the present study.

Owing to the large sample size of our study, significant dif-
ferences existed in clinical characteristics including race, age, 
differentiation, histologic, TNM stage, radiation type, sur-
gery, and tumor size. Among the four molecular subgroups, 
luminal‐A patients presented with an older age (41‐45 years: 
59.1% vs 48.0%, 46.2%, and 48.0% respectively; P < 0.001) 
and a lower differentiation degree (grade I: 19.7% vs 4.2%, 
1.3% and 0.9%, respectively; P < 0.001). HER2‐enriched and 
triple‐negative patients were more likely to be grade III com-
pared to luminal‐A and luminal‐B patients (70.8% and 85.4% 
vs 30.5% and 53.9%; P < 0.001). Luminal‐B and HER2‐en-
riched patients had more advanced tumors (tumor size >5 cm: 
14.1% and 11.6% vs 7.7% and 9.6%, respectively; P < 0.001) 
than luminal‐A and triple‐negative patients. The incidence of 
lymph node metastasis (N3: 7.3% vs 3.1%, 3.9% and 4.4%, re-
spectively; P < 0.001) and percentage of IIIA stage (15.9% vs 
10.6%, 13.1% and 11.8%, respectively; P < 0.001) was higher 
in the HER2‐enriched patients than in the luminal‐A, lumi-
nal‐B and triple‐negative. No difference was found among 
subgroups at year of diagnosis and laterality.

3.2  |  Comparison of OS and BCSS 
among the study population
The Cox hazard models were conducted to evaluate effects 
of important characteristics on OS and BCSS in breast cancer 
patients. Without adjusting for confounding factors, univariate 
analysis indicated that black race, 41‐45 years of age, duct car-
cinoma, higher T and N stage, higher degree of differentiation C
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and larger tumor size were associated with a worse overall sur-
vival, and a higher risk of death from breast cancer. However, 
age, T stage and tumor size were no longer distinctly correlated 
with prognosis in the adjusted multivariate model. Multivariate 
analysis results showed that RT was an independent prognostic 
factor for young early‐stage breast cancer patients. Compared 
to controlled groups, patients received RT had prolonged OS 
(HR: 0.717, 95% CI: 0.61‐0.844, P < 0.001) and BCSS (HR: 
0.736, 95% CI: 0.617‐0.878, P = 0.001). The results were con-
sistent with Kaplan‐Meier plots. In addition, black race, duct 
carcinoma, higher N stage, and differentiation degree were sig-
nificantly associated with worse OS (all P < 0.05). All of the 
factors above were associated with higher breast cancer‐related 
mortality (P < 0.05) except duct carcinoma, which exhibited 
a borderline correlation with higher HR (P = 0.066). Results 
of survival analysis were summarized in Table 2, and Kaplan‐
Meier curves of OS and BCSS by RT groups in the whole 
early‐stage breast cancer patients are shown in Figure 1.

3.3  |  Survival analysis in matched groups 
according to HoR and HER2
Since clinicopathological characteristics imbalance existed in 
the study and RT were not randomly assigned, we performed 
PSM with a 1:1 nearest‐neighbor method according to HoR 
and HER2 status to further investigate their effects on the ben-
efit of RT in patients. Kaplan‐Meier analysis was performed to 
compare survivals between patients with positive and negative 
HER2 status. As shown in Table 3, RT was an independent 
predictor for OS (HR: 0.343, 95% CI: 0.211‐0.558, P < 0.001) 
and BCSS (HR: 0.372, 95% CI: 0.218‐0.633, P < 0.001) in 
HER2 + breast patients. In addition, multivariate analysis dem-
onstrated that RT was correlated with significantly prolonged 
OS and BCSS in the HER2 + patients. However, patients with 
HER2‐ received no benefit from radiotherapy in OS and BCSS 
in the adjusted multivariable models.

Propensity score matching analysis was also conducted in 
HR status‐based subgroup. Results showed that in the multi-
variable models, patients underwent RT showed significant 
prolonged OS (HR: 0.693, 95% CI: 0.484‐0.993, P = 0.046) 
in HoR + subgroup, while no significant differences were 

observed in breast cancer‐specific mortality. In addition, 
RT‐treated patients showed better BCSS (HR: 0.773, 95% 
CI: 0.612‐0.978, P = 0.032) in patients in the HoR‐ cohort, 
while significant difference was not observed in OS between 
HoR + and HoR‐ subgroups. The results were shown in 
Table 4.

3.4  |  Comparison of survival according to 
molecular subtypes
The multivariate model was utilized to identify OS and BCSS 
of breast cancer patients according to molecular subtypes. 
Results showed that RT was a significant predictor for fa-
vorable OS in luminal‐A (HR: 0.696, 95% CI: 0.538‐0.902, 
P = 0.006), luminal‐B (HR: 0.385, 95% CI: 0.199‐0.744, 
P = 0.005), and HER2‐enriched patients (HR: 0.295, 95% 
CI: 0.138‐0.63, P = 0.002). However, no significant benefit 
of RT on survivals was observed in the triple‐negative cohort 
(P = 0.534, Table 5).

In the multivariate model for BCSS, RT was a significant 
independent prognostic predictor and correlated with pro-
longed survival in HER2‐enriched patients (HR: 0.328, 95% 
CI: 0.153‐0.702, P = 0.004). Notably, RT was associated with 
a slightly higher BCSS (HR: 0.464, 95% CI: 0.211‐1.020, 
P = 0.056) in the luminal‐B cohort but statistical significance 
was not reached. There was no significant difference in BCSS 
between RT‐treated patients and controlled patients in lumi-
nal‐A (P = 0.112) and triple‐negative patients (P = 0.250). 
Higher N stage was also an independent adverse prognos-
tic factor for OS and BCSS in all breast cancer cohorts (all 
P < 0.05). Black race was associated with worse OS (HR: 
1.795, 95% CI: 1.341‐2.4, P < 0.001) and BCSS (HR: 1.212, 
95% CI: 01.212‐2.342, P = 0.002) in the luminal‐A cohort. 
Kaplan‐Meier curves of OS and BCSS for different breast 
cancer subgroups are shown in Figures 2 and 3, respectively.

3.5  |  Comparison of RT benefit according 
to the characteristics
We conducted an exploratory subgroup analysis to identify 
potential benefit of RT in specific subgroups. The HRs and 

F I G U R E  1   Kaplan‐Meier curve of overall survival (A) and breast cancer‐specific survival (B) in the whole early‐stage breast cancer patients
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95% confidence intervals comparing OS and BCSS accord-
ing to the RT for several of characteristics were shown in 
Figure 4, and detailed statistics are listed in Supplementary 
Table S1. Results showed that response to radiotherapy for 
patients varies according to different characteristics and fac-
tors (Table 6).

Black patients showed prolonged OS (HR: 0.742 vs 1.058 
and 1.229, all P > 0.05) and BCSS (HR: 0.749 vs 1.11 and 
1.168, all P > 0.05) compared to white patients and others 
with RT treatment. Patients aged 41‐45 showed better benefit 
from RT on OS (HR: 0.751 vs 1.268, P = 0.014 and 0.031, 
respectively) and BCSS (HR: 0.752 vs 1.329, P = 0.029 and 
0.016, respectively) compared to those younger than 40. In 
addition, breast cancer patients with grade I in differentia-
tion degree was associated with prolonged OS, though not 
significant in BCSS after RT receipt. Patients diagnosed 
with I, IIA and IIIC showed better OS (HR: 0.469, 0.616 
and 0.434, P = 0.002, 0.005 and <0.001, respectively) and 
BCSS (HR: 0.439, 0.634 and 0.411, P = 0.009, 0.016 and 
<0.001, respectively) received RT, while IIB and IIIA breast 
cancer showed no survival benefit from radiation treatment. 
A significantly prolonged OS was observed when RT was 
given to patients with breast tumor size less than 2 cm (HR: 
0.639, P = 0.008), as well as larger than 5 cm (HR: 0.674, 
P = 0.015). Patients with tumor size larger than 5 cm could 
also benefit from RT in breast cancer‐specific survival (HR 
0.679, P = 0.023).

4  |   DISCUSSION

Although RT has been accepted as one of the most significant 
treatments for breast cancer patients, the impact of molecular 
subtypes on RT response in early‐stage breast cancer patients 
has not been exactly elucidated in previous literatures.20-23 
To the best of our knowledge, this is the first population‐
based retrospective study aimed to address the prognostic 
role of RT and its impact on OS and BCSS in young early‐
stage breast cancer female patients according to molecular 
subtypes.

We carried out the Kaplan‐Meier analysis and found that 
RT is a significant predictor in the entire young early‐stage 
breast cancer cohort. Furthermore, we attempted to inves-
tigate the potential subgroups that would benefit from RT. 
Significant prolonged OS and BCSS were observed in RT‐
treated HER2 + breast cancer patients compared to those with 
HER2‐ after demographic and clinicopathologic characteris-
tics adjustment. However, patients treated with radiotherapy 
presented a significantly better OS in HoR + cohort, while a 
prolonged BCSS in the HoR‐subgroup. Multivariate analysis 
showed that relative to triple‐negative subtype, RT‐treated 
patients with luminal‐A, luminal‐B, or HER2‐overexpressing 
had a significant prolonged OS. HER2‐overexpressing breast C
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cancer patients subjected to RT was also correlated with bet-
ter BCSS.

Studies had investigated different effects of adjuvant RT 
according to tumor subtype in mastectomy cases. Marianne 
et al reported 1 000 high‐risk breast cancer patients re-
ceived postmastectomy radiotherapy (PMRT) and demon-
strated that HoR, HER2 status, and the constructed subtypes 
may be predictive of locoregional recurrence and survival. 
Results showed a significant improved OS among patients 
after PMRT characterized by good prognostic markers such 
as HoR + and HER2‐ patients.24 Another study demon-
strated that triple‐negative patients had the highest risk of 

locoregional recurrence and the least benefit from PMRT, 
while the greatest effect was seen among luminal‐A pa-
tients.25 These researches indicated that the largest RT bene-
fit was shown in luminal‐type breast cancer.

Luminal‐A and luminal‐B patients subjected to RT 
showed improved OS in our study, which was in consistent 
with the previous discoveries. We also revealed that HER2‐
enriched patients showed the mostly benefit from radiation 
therapy. While a preclinical analysis revealed that no signif-
icant OS improvement after PMRT was found in HER2‐en-
riched high‐risk breast cancer patients,24 HER2 + was shown 
as a predictor for favorable survival compared with the 

F I G U R E  2   Kaplan‐Meier curve of overall survival in patients with luminal A (A), luminal B (B), HER2‐enriched (C) and triple negative (D) 
early‐stage breast cancer

F I G U R E  3   Kaplan‐Meier curve of breast cancer‐specific survival in patients with luminal A (A), luminal B (B), HER2‐enriched (C) and 
triple negative (D) early‐stage breast cancer



2854  |      LIU et al.

HER2‐ in RT‐treated patients in our study. Furthermore, our 
results showed that RT was not an independent significant 
factor for BCSS in luminal‐A and luminal‐B breast cancer 
patients, with statistical significance not reached (P = 0.112 
and 0.056, respectively). This discrepancy might be due to 
the following factors: (a) different inclusion criteria. Patients 
recruited in the previous study were presented with more 
malignancy‐associated properties, while patients were re-
stricted to young early‐stage breast cancer in our study; (b) 
different therapy strategies. All their patients received a total 
mastectomy and a partial axillary dissection while surgery 
was given randomly in our study; (c) different types of radio-
therapy. Apart from PMRT they performed, the type of RT 
in our study also included radioactive implant, isotopes. The 
sequence of RT with surgery also varies; (d) heterogeneity of 
patient's resources; and (e) the follow‐up period in our study 
was not long enough.

RT showed no significant prolonged OS and BCSS among 
patients with triple‐negative breast cancer (TNBC) in this 
study. Similar to our results, several of previous articles dis-
covered that there might exist radio‐resistance in TNBC pa-
tients, which has not been confirmed though. A meta‐analysis 
performed by Kyndi et al showed that the local recurrence 
rates in triple‐negative patients did not decrease as much as 
those with luminal type, which indicated the relatively low 
radio‐sensitivity of TNBC cells.24 According to a research 
from The Cancer Genome Atlas, the radioresistance might 
be due to depletion or overexpression of several genes, such 
as the epidermal growth factor receptor (EGFR). In TNBC 
cells, EGFR overexpression could enhance proliferation and 

DNA damage response, as well as reduce apoptosis via PI3K‐
Akt signaling pathway, and led to increased radioresistance.26 
Other similar regulations including MELK overexpression or 
CDC27 depletion also contributed to the radio‐resistance of 
TNBC cells in the same way. However, all of these do not 
mean that RT in TNBC is not important. Studies clarified that 
postoperative radiotherapy for TNBC patients could reduce 
the local recurrence rate, especially for the patients with ≥4 
positive axillary lymph nodes.15,27,28 In addition, we could 
discover and target specific potential biomarkers to regulate 
the proliferation and radio‐sensitivity of TNBC cells.

The underlying mechanism of how molecular subtypes 
affect RT benefit in breast cancer patients remains uncertain, 
further studies are still needed to elucidate potential signal-
ing pathways. The results could help predicting tumor tissue 
response to RT, thus improve evidence‐based patients care 
and prolong patient's survival by adjusting therapy strate-
gies. There also exist limitations in our study. First of all, 
we only included patients after 2010 since the HER2 status 
was not available before, which largely limited our follow‐
up period. Secondly, some important information including 
Ki‐67 level, chemotherapy and endocrine therapy strategies 
were not available, this may result in potential bias. Lastly, 
the retrospective nature is an unavoidable weakness, thus 
larger perspective researches are needed to confirm the re-
sults. This limitation highlights the need for large designed 
prospective clinical researches to guide radiotherapy strat-
egy in different IHC‐based subtypes of breast cancer, as 
well as achieve a longer follow‐up time to verify and ex-
tend our findings. In addition, therapeutic evaluation with 

F I G U R E  4   Hazard ratio and 95% confidence interval for overall survival (A) and breast cancer‐specific survival (B) according to the receipt 
of radiotherapy in the subgroup of patients for each characteristic
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systemic treatments including chemotherapy, hormone 
therapy and monoclonal target therapy should be added in 
further studies to understand RT benefit and the underlying 
mechanisms better. Despite the limitations, our study has 
several of strengths. No previous study has focused on the 
survival benefit in young early‐stage breast cancer for RT, 
though many have shown improvement in local control and 
local‐regional recurrence with postoperative radiation.27,28 
This is the first study comparing the RT benefit in young 
women with localized early stage breast cancer according 
to molecular subtypes via PSM to minimize potential bias. 
In addition, another major strength of this study is the large 
size of the patient cohort, which allowed us to provide con-
temporary information to the significance and benefit of RT 
in young early‐stage breast cancer patients according to dif-
ferent molecular subtypes‐that reflect the circumstances in 
the real world.

Based on our results, RT tended to have survival benefit in 
luminal‐A, luminal‐B and especially HER2‐enriched young 
early‐stage breast cancer female patients. In addition, HER2 
was significant favorable factor for RT benefit in breast can-
cer patient. The results could help predicting RT response 
and improve patient's survival by adjusting treatment strat-
egies for individuals. Further studies are needed to identify 
underlying mechanisms of the difference RT sensitivity in 
breast cancer molecular subtypes.
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