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Real-world impact of postmastectomy radiotherapy in T1–2 breast 
cancer with one to three positive lymph nodes
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Background: The utility of postmastectomy radiotherapy (PMRT) in breast cancer patients with T1–2 
(tumor size ≤5 cm) and N1 (one to three lymph nodes involved) disease remains controversial. The aim of 
this population-based study was to investigate the effectiveness of PMRT in this patient subset in the current 
clinical practice.
Methods: We included T1–2N1 breast cancer patients treated with mastectomy from 2004 to 2012 
using the data form the Surveillance, Epidemiology, and End Results program. The association of PMRT 
administration with breast cancer-specific survival was determined using multivariable Cox analysis.
Results: We identified 10,248 patients of this study, including 3,725 (36.3%) received PMRT and 6,523 
(63.7%) patients did not receive PMRT. Use of PMRT showed increase from 2008 onward; the percentage 
of patients receiving PMRT was 30.6% in 2004 and was 47.1% in 2012 (P<0.001). Patients diagnosis after 
2008, aged <50 years, high tumor grade, T2 stage, and ≥2 positive lymph nodes were independently related 
to PMRT receipt. Multivariate analysis indicated that PMRT was not related to better breast cancer–specific 
survival compared to those without PMRT both before (P=0.186) and after propensity score matching 
(P=0.137).
Conclusions: In breast cancer with T1–2N1 disease, PMRT does not appear to improve survival in the era 
of modern systemic therapy.
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Introduction

T h e r e  i s  a  g e n e r a l l y  a c c e p t e d  c o n s e n s u s  t h a t 
postmastectomy radiotherapy (PMRT) should be 
administered to breast cancer patients with ≥4 axillary 
nodes involved or tumor size larger than 5 cm. However, 
the benefit of PMRT in patients with T1–2 tumors (tumor 
size ≤5 cm) and one to three axillary nodes involved (N1) 
has not been fully elucidated. The findings from Early 
Breast Cancer Trialists’ Collaborative Group (EBCTCG) 
found that PMRT could provide survival benefit in T1–
2N1 patients. There was absolute benefit of 16.7% for 
locoregional recurrence (LRR) and 7.9% for breast cancer-
specific survival (BCSS) (1). However, cyclophosphamide, 
methotrexate, and fluorouracil was the main chemotherapy 
regimen in patients enrolled in the EBCTCG study. The 
findings from the Danish Breast Cancer Cooperative Group 
(DBCG) 82 b and c trials showed that the addition PMRT 
reduced the LRR and translated to a larger decrease of 
breast cancer specific death in T1–2N1 patients than those 
with ≥4 lymph node metastases (2). However, the DBCG 
trials were limited by suboptimal chemotherapy intensity 
and lymph node dissection.

Two recent  r andomized  t r i a l s ,  the  European 
Organisation for Research and Treatment of Cancer 
(EORTC) 22922/10952 trial and National Cancer Institute 
of Canada MA.20 trial, which were more representative 
of modern systemic therapy, also supported the utility of 
PMRT and/or irradiation to regional lymph node for N1 
disease (3,4). However, mastectomy was performed in only 
one quarter of patients in EORTC 22922/10952 trial and 
none of whom received mastectomy in the MA.20 trial.

The outcomes of N1 disease after mastectomy have 
been improved in recent studies, but this mostly reflects 
improvements in cancer screening, surgical approaches, 
and systemic therapy (5-7). In the modern series, the 5-year 
LRR in patients without PMRT was in the range of 3.2–
6.1%, and remained <10% even after 10 years of follow-
up (5,8-15). Therefore, the absolute benefits of PMRT for 
T1–2N1 disease may actually be small. Recently updated 
guidelines from the American Society of Clinical Oncology, 
American Society of Radiation Oncology, and Society of 
Surgical Oncology, the panel unanimously agreed that the 
administration of PMRT could decrease the risk of LRR 
and improve BCSS of T1–2N1 patients. However, some 
T1–2N1 patients may have a lower risk of LRR that any 
survival benefit with PMRT will be outweighed by the 
adverse effects (16). This knowledge can guide the clinician 

and patients for the decision making of PMRT due to the 
detrimental impacts including the associated costs, worse 
self-reported chest wall symptoms, and late toxicity by 
PMRT (17,18). In light of this, the aims of this population-
based study were to investigate the clinical value of PMRT 
in T1–2N1 breast cancer and to perform stratified analyses 
based on patient characteristics. 

Methods

Surveillance, epidemiology, and end results (SEER) and 
patients 

The present study retrospectively collected data for patients 
between 2004 and 2012 using the SEER program. The 
SEER program of the National Cancer Institute is a cancer 
statistics resource that includes data on cancer incidence, 
demographics, clinicopathological variables, treatment, and 
vital status derived from 18 cancer registries in the United 
States (US) (19). Women who met the following inclusion 
criteria were considered: (I) they had a pathologically 
confirmed diagnosis of T1–2N1 invasive ductal carcinoma; 
(II) they had undergone mastectomy with lymph node 
dissection and removal of ≥10 lymph nodes; (III) they 
had received chemotherapy with or without PMRT; and 
(IV) available data on race/ethnicity, hormone receptor 
(HoR) status, tumor grade, as well as marital status. 
Patients were excluded if they (I) did not have a positive 
pathology diagnosis, (II) had a metastatic disease at the 
time of initial diagnosis; (III) had received radiotherapy 
before mastectomy, or (IV) had been treated with non-
beam radiotherapy. The patients were separated into two 
groups according to whether or not they were treated with 
PMRT and outcomes were compared between the groups. 
In addition, the impact of PMRT on different patient 
subgroups was examined. Our study was exempt from the 
approval process by ethics committee because the SEER 
program only contains anonymous data.

Variables 

The following patients characteristics were included in this 
study: years of diagnosis, age at diagnosis, race/ethnicity, 
tumor stage, HoR status, tumor grade, number of axillary 
nodes involved, marital status, and receipt/non-receipt of 
PMRT. The primary outcome examined in this study was 
BCSS, which was estimated from the time of diagnosis of 
breast cancer to the time of death from breast cancer or the 
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follow-up cutoff.

Statistical analysis 

The χ2 test was conducted to compare the demographic and 
clinicopathological variables between the PMRT and non-
PMRT groups. Binomial logistic regression was performed 
to determine the independent predictors related to the 
administration of PMRT. We used a 1:1 propensity score 
matching (PSM) to decrease the selection bias between 
PMRT and Non-PMRT cohorts (20,21). BCSS curves 
were plotted by the Kaplan-Meier method and log-rank 
test was conducted to compare BCSS between PMRT 
and Non-PMRT cohorts. Multivariate Cox proportional 
hazard survival analyses were performed to examine the 
effectiveness of PMRT in terms of BCSS. P values less than 
0.05 were defined as statistical significance. All data were 
analyzed using SPSS 22.0 (IBM Corp., Armonk, NY, USA). 

Results

We identified 10,248 patients in the analysis. Of all 
the patients ,  53.1% (n=5,437),  58.7% (n=6,109), 
72.7% (n=7,454), and 62.3% (n=6,387) were poorly/
undifferentiated, T2 stage, estrogen receptor (ER) 
positive, and progesterone receptor (PR) positive disease, 
respectively. In addition, 4,962 (48.4%), 3,235 (31.6%), 
and 2,051 (20.0%) patients were one, two, and three 
axillary nodes involved, respectively. Table 1 summarizes the 
patients’ characteristics.

PMRT was administered to 3,725 (36.3%) patients 
and not administered to 6,523 (63.7%) patients. Patients 
diagnosed after 2008, aged <50 years, poorly differentiated/
undifferentiated tumors, ≥2 lymph node metastases, and ER 
negative as well as PR negative status were more likely to 
receive postoperative PMRT. Figure 1 shows the change in 
PMRT use from 2004 to 2012, notably that the percentage 
of PMRT receipt was significantly increased after 2008. The 
percentage of patients treated with PMRT was 30.6% in 
2004 and was 47.1% in 2012 (P<0.001). Binomial regression 
analysis showed that patients diagnosed after 2008, aged 
<50 years, higher tumor grade, T2 stage disease as well 
as ≥2 positive lymph nodes were independent predictors 
associated with the administration of PMRT (Table 2).

At median follow-up of 76 months, Kaplan-Meier 
analysis indicated that the PMRT cohort had worse 5-year 
BCSS than those in non-PMRT cohort before PSM (90.6% 
vs. 92.5%; log-rank test, P<0.001) (Figure 2). However, after 

adjustment for age, race/ethnicity, tumor stage, number of 
lymph nodes involved, tumor grade, HoR status, and marital 
status, comparable BCSS was observed between PMRT 
and Non-PMRT groups [hazard ratio (HR) =1.089, 95% 
confidence interval (CI): 0.960–1.235; P=0.186] (Table 3).  
Similar results were found after stratification by age 
category, HoR status, tumor grade, and marital status using 
multivariate Cox analysis (Figure 3A). 

The matching variables in PSM included years of 
diagnosis, age at diagnosis, race/ethnicity, tumor grade, 
tumor stage, number of lymph nodes involved, and HoR 
status. A total of 2,711 pairs of patients were completely 
matched using PSM (Table 1). In the PSM cohort, 
comparable BCSS was found between Non-PMRT 
and PMRT groups, the 5-year BCSS was 91.5% and 
90.6%, respectively (log-rank test, P=0.174) (Figure 2B). 
Multivariate Cox analysis also showed that the receipt of 
PMRT was not correlated with  better BCSS (HR =1.129, 
95% CI: 0.962–1.324; P=0.137) (Table 3). Similar results 
were found after stratification by age category, tumor stage, 
tumor grade, HoR status, and marital status (Figure 3B).

Discussion

The utility of PMRT remains controversial for T1–2N1 
breast cancer in recent decades. In the present study, we 
assessed the clinical value of PMRT in this patient subset 
using the data available in the SEER database and found 
that the addition of PMRT was not correlated with better 
BCSS in the current practice setting.

The trend in the receipt of PMRT has varied significantly 
over the years. A study from the National Cancer 
Database indicated that the utilization of PMRT increased 
significantly from 23.9% in 2003 to 36.4% in 2011, with 
an annual percentage change of 6.2% (22). The proportion 
of patients receiving PMRT was lower in Asia, but the 
utilization of PMRT increased in recent years (from 7.4% 
to 9.3% in earlier years to 14.1% to 23.5% in recent years) 
(8,23). In our study, the use of PMRT started increasing 
after 2008; while 30.6% of patients received PMRT in 
2004 and 47.1% received PMRT in 2012. The significantly 
increasing of PMRT receipt from 2008 onward may be 
related to the publication of findings from the DBCG trials, 
which demonstrated a survival benefit from PMRT for 
this population (2). The National Comprehensive Cancer 
Network guidelines also started strongly recommending 
PMRT in this population.

In addition to the years of diagnosis, there were several 
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Table 1 Characteristics of patients in the two treatment cohorts before and after PSM

Variables
Before PSM After PSM

n No, n (%) Yes, n (%) P n No Yes P

Year of diagnosis <0.001 1

2004 1,018 706 (10.8) 312 (8.4) 472 236 236

2005 942 671 (10.3) 271 (7.3) 398 199 190

2006 1,021 716 (11.0) 305 (8.2) 480 240 240

2007 1,229 827 (12.7) 402 (10.8) 614 307 307

2008 1,287 814 (12.5) 473 (12.7) 730 365 365

2009 1,306 848 (13.0) 458 (12.3) 698 349 349

2010 1,270 773 (11.9) 497 (13.3) 738 369 369

2011 1,138 619 (9.5) 519 (13.9) 674 337 337

2012 1,037 549 (8.4) 488 (13.1) 618 309 309

Age (years) <0.001 1

<50 4,468 2,587 (39.7) 1,881 (50.5) 2,500 1,250 1,250

≥50 5,780 3,936 (60.3) 1,844 (49.5) 2,922 1,461 1,461

Race/ethnicity 0.029 1

Non-Hispanic White 6,638 4,263 (65.4) 2,375 (63.8) 3,886 1,943 1,943

Non-Hispanic Black 1,242 744 (11.4) 498 (13.4) 542 271 271

Hispanic (all races) 1,277 825 (12.6) 452 (12.1) 570 285 285

Other 1,091 691 (10.6) 400 (10.7) 424 212 212

Grade <0.001 1

Well-differentiated 864 657 (10.1) 207 (5.6) 272 136 136

Moderately differentiated 3,947 2,599 (39.8) 1,348 (36.2) 2,036 1,018 1,018

Poorly/undifferentiated 5,437 3,267 (50.1) 2,170 (58.3) 3,114 1,557 1,557

Tumor stage <0.001 1

T1 4,139 2,938 (45.0) 1,201 (32.2) 1,756 878 878

T2 6,109 3,585 (55.0) 2,524 (67.8) 3,666 1,833 1,833

Number of positive lymph nodes (n) <0.001 1

1 4,962 3,534 (54.2) 1,428 (38.3) 2,396 1,198 1,198

2 3,235 2,008 (30.8) 1,227 (32.9) 1,872 936 936

3 2,051 981 (15.0) 1,070 (28.7) 1,154 577 577

ER status 0.002 1

Negative 2,794 1,711 (26.2) 1,083 (29.1) 1,488 744 744

Positive 7,454 4,812 (73.8) 2,642 (70.9) 3,934 1,967 1,967

Table 1 (continued)
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Figure 1 Change in use of PMRT during the study period. PMRT, postmastectomy radiotherapy.

Table 1 (continued)

Variables
Before PSM After PSM

n No, n (%) Yes, n (%) P n No Yes P

PR status 0.007 1

Negative 3,861 2,394 (36.7) 1,467 (39.4) 1,966 983 983

Positive 6,387 4,129 (63.3) 2,258 (60.6) 3,456 1,728 1,728

Marital status 0.981

Unmarried 3,556 2,264 (34.7) 1,292 (34.7) – – – –

Married 6,692 4,259 (65.3) 2,433 (65.3) – – – –

ER, estrogen receptor; PR, progesterone receptor; PSM, propensity score matching.
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indicator associated with PMRT administration including 
young age, large tumor size, high tumor grade, higher 
number of positive axillary nodes, extracapsular nodal 
extension, lymphovascular invasion (LVI), invasive lobular 
histology, and triple negative disease (22-24). In our study, 
patients with aged <50 years, higher tumor grade, T2 stage 
as well as ≥2 lymph node metastases were found to be 
independent predictors of PMRT administration. However, 
ER status, PR status, and marital status were not related to 
PMRT administration.

The EBCTCG meta-analysis showed that PMRT could 
improve locoregional control and survival outcomes in 
T1–2N1 breast cancer when systemic therapy was given. 
However, most patients in that study received insufficient 
systemic therapy. The 10-year LRR rates in patients 
receiving systemic therapy were 21.0% and 4.3% in the 
non-PMRT and PMRT groups, respectively (1). The 

findings from DBCG 82 b&c trials also showed lower risk 
of LRR and better survival outcomes with the addition of 
PMRT (2). However, the suboptimal axillary management 
and systemic treatment in the DBCG trials may have been 
responsible for the higher risk of LRR and breast cancer 
related death. It should be noted that modern systemic 
treatments were more effective for reducing the risk of 
LRR and distant metastases (25,26). In modern series, the 
5- and 10-year LRR rate was only 3.2% to 6.1% and less 
than 10% for this population without PMRT, respectively 
(5,8-15). As we demonstrated in our study, PMRT did 
not appear to be associated with better BCSS in the era of 
modern systemic therapy. All patients in our study received 
chemotherapy and had ≥10 lymph nodes removed, which 
may decrease the potential bias of patients selection and 
strengthen our results. Therefore, for women considering 
PMRT today, the absolute risk of LRR may be lower 
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Table 2 Independent predictors of PMRT receipt

Variables OR 95% CI P

Year of diagnosis

2004 1

2005 0.929 0.760–1.135 0.471

2006 0.991 0.815–1.205 0.928

2007 1.183 0.983–1.423 0.075

2008 1.369 1.142–1.640 0.001

2009 1.291 1.077–1.547 0.006

2010 1.548 1.293–1.855 <0.001

2011 1.986 1.653–2.386 <0.001

2012 2.142 1.776–2.582 <0.001

Age (years)

<50 1

≥50 0.623 0.573–0.678 <0.001

Race/ethnicity

Non-Hispanic White 1

Non-Hispanic Black 1.101 0.967–1.253 0.147

Hispanic (all races) 0.853 0.748–0.972 0.017

Other 0.978 0.852–1.124 0.759

Grade

Well differentiated 1

Moderately differentiated 1.409 1.182–1.679 <0.001

Poorly/undifferentiated 1.745 1.468–2.073 <0.001

Tumor stage

T1 1

T2 1.583 1.449–1.729 <0.001

Number of positive lymph nodes (n)

1 1

2 1.497 1.360–1.648 <0.001

3 2.640 2.367–2.948 <0.001

ER status

Negative 1

Positive 0.963 0.838–1.106 0.595

PR status

Negative 1

Positive 0.961 0.847–1.091 0.543

Marital status

Unmarried 1

Married 1.004 0.917–1.099 0.932

PMRT, postmastectomy radiotherapy; CI, confidence interval; 
ER, estrogen receptor; OR, odds ratio; PR, progesterone 
receptor.

than that of women in the trials cited above, and the 
absolute risk reduction achieved with the administration of 
PMRT may be smaller. The secondary analyses of Breast 
Cancer International Research Group (BCIRG)-005 
trial and Breast International Group 02-98 trial showed 
that the receipt of PMRT was associated with lower risk 
of LRR (10-year LRR: 2–2.5% vs. 6.5–9.0% in PMRT 
vs. no PMRT cohorts), though survival outcomes were 
comparable between the treatment arms (14,15). Muhsen 
et al. showed that the receipt of PMRT was not related to 
better locoregional control and lower breast cancer related 
death (24). Several recent studies also indicated that PMRT 
was not correlated with lower risk of LRR in this population 
treated in the modern era (5,6). However, Chang et al. 
showed a significantly improved disease-free survival (DFS) 
in patients with extremely low risk of LRR who received 
PMRT, suggesting that the progress of systemic treatment 
might not mitigate the survival benefit of PMRT in this 
patient subset (8). However, their study only had 97 patients 
in the PMRT cohort, which may limit the generalizability 
of their findings. 

Several studies have attempted to identify the subgroups 
likely to derive survival benefit with PMRT. Our previous 
study have showed that PMRT was related to better 
locoregional control and DFS in high-risk subsets of 
patients [i.e., T2 stage, ≥2 axillary nodes involved, and 
human epidermal growth factor receptor 2 (HER2)-
enriched subtype] (27). Another SEER study that included 
patients diagnosed between 1998 and 2008 showed a 
reduction in breast cancer related death after PMRT only 
in patients with three axillary nodes involved or those with 
T2 stage and two axillary nodes involved (28). However, 
40.2% of patients in the above study had <10 lymph nodes 
removed, and the information of chemotherapy was also 
not included in the analysis. The common high-risk factors 
for LRR in T1–2N1 patients including young age, large 
tumor size, higher number of positive lymph nodes, LVI, 
HoR negative, extracapsular extension, and close resection 
margin (29). However, the results regarding to high-risk 
factors of LRR in T1–2N1 patients were inconsistent. With 
the development of genetic testing, the association between 
genetic testing and the risk of LRR may help guide to the 
decision-making of PMRT in this patient subset.

Subgroup analysis in this study indicated that the 
administration of PMRT was associated with lower BCSS in 
patients with T2 stage, one positive lymph node, and other 
race (Figure 3). This was probably due to selection bias, as 
patients with adverse factors were more likely to receive 
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Figure 2 Comparison of BCSS between the non-PMRT and PMRT cohorts before (A) and after (B) PSM. BCSS, breast cancer-specific 
survival; PMRT, postmastectomy radiotherapy; PSM, propensity score matching.
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Figure 3 Adjusted hazard ratios for BCSS between non-PMRT and PMRT cohorts in different subgroups before (A) and after (B) PSM. 
BCSS, breast cancer-specific survival; PMRT, postmastectomy radiotherapy; PSM, propensity score matching.

PMRT.
The primary strengths in the present study include the 

large sample size and the subgroup analysis. In addition, 
our study arises from a real-world database that is more 
generalizability and represents the current population. 
However, several limitations should be recognized of 
our study. First, this was a retrospective study, and the 
two treatment cohorts were probably not comparable 
in all respects. Patients in the PMRT cohort had more 

adverse prognostic factors, and this might have influenced 
the results. Second, details on chemotherapy regimen, 
endocrine therapy, and targeted therapy are not recorded 
in the SEER database. In the US, 50–80% of patients with 
node-positive breast cancer were treated with anthracycline-
based chemotherapy from 1999 to 2005, and taxane-based 
chemotherapy regimens were increased after 2005 (30). 
Therefore, we assumed that taxanes and anthracyclines were 
the main systemic treatment regimens used in our study. As 
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Table 3 Multivariate analysis of prognostic factors (before and after PSM)

Variables
Before PSM After PSM

HR 95% CI P HR 95% CI P

Age (years)

<50 1 1

≥50 1.119 0.989–1.268 0.075 1.142 0.969–1.347 0.113

Race/ethnicity

Non-Hispanic White 1 1

Non-Hispanic Black 1.254 1.062–1.482 0.008 1.141 0.899–1.448 0.278

Hispanic (all races) 0.943 0.777–1.144 0.550 0.730 0.540–0.987 0.041

Other 0.839 0.676–1.040 0.109 0.880 0.645–1.201 0.420

Grade

Well differentiated 1 1

Moderately differentiated 1.905 1.281–2.832 0.001 1.825 0.891–3.739 0.100

Poorly/undifferentiated 2.857 1.929–4.233 <0.001 3.060 1.501–6.238 0.002

Tumor stage

T1 1 1

T2 1.846 1.607–2.120 <0.001 1.925 1.564–2.369 <0.001

Number of positive lymph nodes (n)

1 1 1

2 1.125 0.979–1.292 0.097 0.968 0.804–1.164 0.727

3 1.234 1.059–1.438 0.007 1.105 0.901–1.355 0.338

ER status

Negative 1 1

Positive 0.805 0.676–0.958 0.015 0.796 0.611–1.039 0.093

PR status

Negative 1 1

Positive 0.555 0.466–0.661 <0.001 0.553 0.422–0.724 <0.001

Marital status

Unmarried 1 1

Married 0.862 0.761–0.977 0.020 0.845 0.718–0.995 0.044

PMRT

No 1 1

Yes 1.089 0.960–1.235 0.186 1.129 0.962–1.324 0.137

CI, confidence interval; ER, estrogen receptor; HR, hazard ratios; PMRT, postmastectomy radiotherapy, PR, progesterone receptor; PSM, 
propensity score matching.
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all patients in the present study was received chemotherapy 
and the 5-year BCSS was over 90%, we can assume that 
these patients may have better compliance with endocrine 
therapy and targeted therapy. Third, the SEER database 
does not have information on Ki-67, HER2, and LVI status; 
the dose and target volume of PMRT; and the patterns 
of LRR. Finally, we recognized that there was potential 
underreporting of PMRT in the SEER database (31).

Conclusions

In conclusion, PMRT does not appear to improve survival 
of T1–2N1 breast cancer patients treated in the modern era. 
We expect the results of the Selective Use of Postoperative 
Radiotherapy After Mastectomy (SUPREMO) trial to 
clarify the indications of PMRT in this patient subset.
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