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Background: The prognostic impact of postmastectomy radiation therapy (PMRT) on high-risk patients
with T1-2N0 breast cancer is controversial. We aimed to investigate the effect of PMRT on high-risk
patients with T1-2N0 breast cancer.
Methods: A total of 3439 patients diagnosed with T1-2N0 breast cancer who received mastectomy be-
tween 2000 and 2016 in our institute were retrospectively analyzed. Leveraging the Fine and Gray
competing risks regression in unirradiated patients, risk factors of locoregional recurrence (LRR) were
identified. All patients were stratified into high-risk (3 or 4 risk factors) and low-risk (no more than 2 risk
factors) groups. The prognostic effect of PMRT was estimated in two subgroups. This subgroup analysis
was also performed in patients with T2N0 breast cancer.
Results: The median follow-up was 89 months. The 5-year cumulative incidence of LRR was 2.2% in
unirradiated patients. Tumor size, estrogen receptor (ER) status, histologic grade and lymphovascular
invasion (LVI) were identified as independent risk factors of LRR. In the high-risk group, PMRT was
correlated with a 8.3% risk reduction of 5-year LRR, 7.8% risk reduction of 5-year distant recurrence (DR),
and 6.4% risk reduction of 5-year breast cancer mortality (BCM), whereas it was not correlated with LRR,
DR, or BCM in low-risk group. In patients with T2N0 breast cancer, PMRT was associated with decreased
LRR, DR and BCM in high-risk group, other than low-risk group.
Conclusions: PMRT presented heterogenous effect on patients with T1-2N0 breast cancer. Patients at
high risk of LRR were more likely to benefit from PMRT.
© 2021 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Patients with T1-2 node-negative breast cancer presented low
risk of locoregional recurrence (LRR) and were not recommended
for postmastectomy radiation therapy (PMRT). However, increasing
evidence demonstrated that patients with T1-2N0 breast cancer
and unfavorable biological profile were at high risk of LRR (2%e9%)
[1e5], which was comparable to those of patients with one to three
positive nodes [6e8], indicating a potential candidate for PMRT.
Thus, in the latest NCCN guidelines, PMRT was considered for pa-
tients with T1-2N0 breast cancer who were at high risk of recur-
rence [9].
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In the Early Breast Cancer Trialists Collaborative Group meta-
analysis, PMRT did not improve the survival outcome of node-
negative patients, in terms of LRR, overall recurrence and breast
cancer mortality (BCM) [10]. In the EORTC 22922/10,925 trial, T1-
2N0 breast cancer patients with high-risk features who received
mastectomy constituted a minority of the trial cohort. The 15-year
results of this trial demonstrated significant risk reduction of
overall recurrence and BCMwith the addition of internal mammary
and medial supraclavicular irradiation to whole-breast radiation
therapy [11]. The other studies focused on identifying risk factors of
LRR and defining the high-risk patients by the number of risk fac-
tors [1e5,12]. However, whether patients with T1-2N0 breast
cancer at high risk of LRR can benefit from PMRT was still contro-
versial and rarely investigated.

In this study, we aimed to identify the risk factors of LRR and
investigate the effect of PMRT on high-risk patients with T1-2N0
breast cancer.
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Table 1
Characteristics of patients by receipt of PMRT.

Characteristic No-PMRT PMRT P

(n ¼ 3277) (n ¼ 162)

Age (mean (SD)) 50.17 (10.19) 46.23 (9.46) <0.001
Year of diagnosis <0.001
2000e2008 862 (26.3) 96 (59.3)
2009e2016 2415 (73.7) 66 (40.7)

Tumor size <0.001
T1 1558 (47.5) 40 (24.7)
T2 1719 (52.5) 122 (75.3)

ER status <0.001
Positive 2134 (65.1) 67 (41.4)
Negative 1143 (34.9) 95 (58.6)

PR status 0.932
Positive 2062 (62.9) 103 (63.6)
Negative 1215 (37.1) 59 (36.4)

HER2 status 0.743
Positive 602 (18.4) 33 (20.4)
Negative 2264 (69.1) 111 (68.5)
Unknown 411 (12.5) 18 (11.1)

Histologic grade <0.001
I-II 1596 (48.7) 38 (23.5)
III 1681 (51.3) 124 (76.5)

Histologic type 0.335
Ductal 2705 (82.5) 139 (85.8)
Other 572 (17.5) 23 (14.2)

LVI 0.329
Positive 353 (10.8) 13 (8.0)
Negative 2924 (89.2) 149 (92.0)

Adjuvant chemotherapy 0.612
Yes 1967 (60.0) 101 (62.3)
No 1310 (40.0) 61 (37.7)

Endocrine therapy 0.821
Yes 2166 (66.1) 109 (67.3)
No 1111 (33.9) 53 (32.7)

Abbreviations: PMRT, postmastectomy radiation therapy; ER, estrogen receptor; PR,
progesterone receptor; HER2, human epidermal growth factor receptor 2; LVI,
lymphovascular invasion.
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2. Materials and methods

2.1. Patients

Patients diagnosed with T1-2N0 breast cancer after mastectomy
between January 2000 and December 2016 from our institutional
database were retrospectively analyzed. We further excluded those
with synchronous distant metastases or other malignancies, or
those who had received neoadjuvant therapy. In total, 3439 pa-
tients were included into this study.

2.2. Treatment

All patients underwent mastectomy with negative surgical
margin. Radiation therapy was administrated with modern
computed tomography (CT)-based dose planning. The total dose of
46e50 Gy was separated into 23 to 25 fractions. The area of irra-
diation included ipsilateral chest wall, infraclavicular, and supra-
clavicular area. Internal mammary nodes were irradiated when
tumors located medially. Chemotherapy regimen was determined
on the basis of clinical characteristics and patient willingness.
Adjuvant endocrine therapy for hormone receptor-positive tumor
maintained for at least 5 years.

2.3. Follow-up

Frequency of patient follow-up was once every 4 months in the
first 3 years after surgery, once every 6e12 months in the fourth
and fifth years, and annually after 5 years. Methods of follow-up
included office visit, telephone call, or postal contact. LRR was
defined as tumor recurrence in the ipsilateral chest wall or regional
lymph nodes as the first event. Distant recurrence (DR) was defined
as disease recurrence at distant organs. All-cause death was
considered as the competing risk event of LRR and DR. Other-cause
mortality was deemed as the competing risk event of BCM. Time
interval was counted from the date of surgery.

2.4. Statistical analysis

Correlations between variables and receipt of PMRT were eval-
uated using Chi-square test. The rates of LRR, DR, and BCM were
calculated by cumulative incidence function and compared by
Gray's test between groups. Based on Fine and Gray competing
risks proportional hazards regression model, correlates of LRR were
analyzed using univariate and multivariate analysis, with hazard
ratio (HR) adjusted by age, year of diagnosis, tumor size, estrogen
receptor (ER) status, progesterone receptor (PR) status, human
epidermal growth factor receptor 2 (HER2) status, histologic grade,
histologic type and lymphovascular invasion (LVI).

All unirradiated and irradiated patients were classified into
high-risk (3 or 4 risk factors) and low-risk (no more than 2 risk
factors) groups. In subgroup analysis, the prognostic impact of
PMRT in two subgroups was examined using Fine and Gray
regressionmodel adjusted by age, year of diagnosis, ER status, HER2
status, PR status, histologic grade, histologic type, LVI, receipt of
chemotherapy and receipt of endocrine therapy. This subgroup
analysis was performed twice in patients with T1-2N0 breast can-
cer or patients with T2N0 breast cancer. All tests were two sided
using R version 3.5.0 (R Foundation for Statistical Computing,
Vienna, Austria). A P value less than 0.05 was deemed statistically
significant.

3. Results

Of the 3439 patients identified, 162 of which (4.7%) received
2

PMRT. Table 1 presented the baseline characteristics of patients
stratified by receipt of PMRT. Patients diagnosed in the earlier
period and those with younger age, larger tumors, ER-negative, or
higher histologic grade disease were more likely to received PMRT.
A total of 2068 (60.1%) patients received adjuvant chemotherapy,
91.9% (n ¼ 1900) of which received anthracycline- or taxane-based
regimens.

After a median follow-up period of 89 months (interquartile
range, 58 to 122), 87 patients experienced LRR and 190 patients
experienced DR. A total of 104 patients died from breast cancer. The
5-year cumulative incidence of LRR, DR, and BCM of the whole
population was 2.2%, 4.4%, and 2.1%, respectively. In unirradiated
patients, univariate and multivariate analysis demonstrated that
four variables (tumor size, ER status, histologic grade and LVI) were
significantly associated with LRR (Table 2). Most (92.0%) irradiated
patients with T1-2N0 breast cancer have one or more risk factors.

For thewhole population, PMRTwas not significantly associated
with LRR (P ¼ 0.094), DR (P ¼ 0.400) or BCM (P ¼ 0.160; Table 3).
Patients with 3 or 4 risk factors were classified into high-risk group
(n¼ 668), with the others classified into low-risk group (n¼ 2771).

In high-risk group, PMRT was significantly associated with
lower LRR (5-year cumulative incidence 1.2% vs 9.5%; HR, 0.084;
95% CI, 0.010e0.692; P ¼ 0.021), reduced DR (5-year cumulative
incidence 2.6% vs 10.4%; HR, 0.187; 95% CI, 0.057e0.615; P ¼ 0.006)
and decreased BCM (5-year cumulative incidence 1.5% vs 7.9%; HR,
0.127; 95% CI, 0.034e0.481; P ¼ 0.002; Table 3; Fig. 1). In contrast,
PMRT was not correlated with LRR (P ¼ 0.470), DR (P ¼ 0.260) or
BCM (P ¼ 0.480; Table 3; Fig. 1) in low-risk group.

Of note, majority (75.3%) of irradiated patients in our study have



Table 2
Univariate and Multivariatea analysis for LRR in 3277 unirradiated patients.

Variable Univariate analysis Multivariate analysis

HR (95%CI) P HR (95%CI) P

Age (continuous) 0.990 (0.970e1.011) 0.360
Year of diagnosis
2000e2008 Reference
2009e2016 0.781 (0.482e1.267) 0.320

Tumor size
T2 vs. T1 3.817 (2.206e6.603) <0.001 3.112 (1.783e5.430) <0.001

ER status
Positive vs. Negative 0.216 (0.134e0.348) <0.001 0.325 (0.146e0.725) 0.006

PR status
Positive vs. Negative 0.291 (0.185e0.458) <0.001 0.853 (0.383e1.900) 0.700

HER2 status
Negative Reference
Positive 1.508 (0.663e1.117) 0.263
Unknown 0.895 (0.426e1.880) 0.770

Histologic grade
III vs.I-II 4.123 (2.388e7.119) <0.001 2.547 (1.397e4.640) 0.002

Histologic type
Other vs. ductal 2.024 (0.978e4.189) 0.057

LVI
Positive vs. Negative 4.641 (2.706e7.959) <0.001 4.427 (2.542e7.710) <0.001

Abbreviations: LRR, locoregional recurrence; HR, hazard ratio; ER, estrogen receptor; PR, progesterone receptor; HER2, human epidermal growth factor receptor 2; LVI,
lymphovascular invasion.

a The Fine-Gray model was adjusted by age, year of diagnosis, ER status, HER2 status, PR status, histologic grade, histologic type and LVI.

Table 3
Effect of PMRT on LRR, DR and BCM according to adjusted Fine-Gray model in different subgroupsa.

PMRT LRR DR BCM

HR (95%CI) P HR (95%CI) P HR (95%CI) P

All patients No (n ¼ 3277)
Yes (n ¼ 162) 0.305 (0.076e1.224) 0.094 0.743 (0.372e1.483) 0.400 0.544 (0.233e1.272) 0.160

Low-risk No (n ¼ 2696)
Yes (n ¼ 75) 1.837 (0.356e9.466) 0.470 1.585 (0.711e3.535) 0.260 1.428 (0.527e3.867) 0.480

High-risk No (n ¼ 581)
Yes (n ¼ 87) 0.084 (0.010e0.692) 0.021 0.187 (0.057e0.615) 0.006 0.127 (0.034e0.481) 0.002

Abbreviations: PMRT, postmastectomy radiation therapy; LRR, locoregional recurrence; DR, distant recurrence; BCM, breast cancer mortality; HR, hazard ratio.
a The Fine-Gray model was adjusted by age, year of diagnosis, ER status, HER2 status, PR status, histologic grade, histologic type, LVI, receipt of chemotherapy and receipt of

endocrine therapy.
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tumors 2e5 cm in size. Therefore, we further analyzed the effect of
PMRT in patients with T2N0 breast cancer. As depicted in the forest
plot (Fig. 2), PMRT was associated with decreased LRR (HR, 0.052;
95% CI, 0.006e0.477; P ¼ 0.009), DR (HR, 0.184; 95% CI,
0.056e0.609; P ¼ 0.006) and BCM (HR, 0.125; 95% CI, 0.033e0.482;
P ¼ 0.003) in high-risk group. In contrast, no correlation of PMRT
with survival outcome was observed in low-risk group.
4. Discussion

The prognostic effect of PMRT in high-risk patients with T1-2
node-negative breast cancer is contentious. In this large
population-based study, for patients at high risk of LRR, PMRT was
associated with a 8.3% risk reduction in 5-year cumulative inci-
dence of LRR, 7.8% risk reduction in 5-year cumulative incidence of
DR and 6.4% risk reduction in 5-year cumulative incidence of BCM.

In the no-PMRT group of this study, 60.1% of patients received
adjuvant chemotherapy, 91.9% (n ¼ 1900) of which received
anthracycline- or taxane-based regimens. This contemporary
practice might account for the relative low rate of LRR in
3

unirradiated patients (5-year cumulative incidence 2.2%). Consis-
tently, previous studies also demonstrated low rate of LRR (2.1%e
3.1%) in unirradiated patients with T1-2N0 breast cancer who
mostly received chemotherapy [3e5]. In contrast, studies with
minority of unirradiated patients receiving chemotherapy
demonstrated higher rates of LRR (5.2%e9.2%) [2,12]. As the mod-
ern systemic therapy improved the outcome of breast cancer pa-
tients [13], effect of PMRT on patients with T1-2N0 breast cancer
needs to be clarified with caution.

Several retrospective studies focused on identifying patients
with T1-2N0 disease at high risk of LRR. In a study including 1136
unirradiated patients who were diagnosed between 1980 and
2004, larger tumor size (>2 cm), close or positive margin, younger
age and LVI were found to be associatedwith increased LRR. The 10-
year cumulative incidence of LRR for patients with three or more
risk factors was 19.7%, while the rate for patients without risk
factors was 2.0% [2]. In a cohort of 672 unirradiated patients treated
between 2006 and 2011, increasing tumor size (>2 cm) was found
as a correlate of LRR. Patients with four or more high-risk features
exhibited a rate of 9.4% for 5-year LRR, whereas those with one



Fig. 1. Cumulative incidence of LRR, DR and BCM by PMRT in all patients with T1-2N0 breast cancer (aec), low-risk group (def) and high-risk group (gei). Abbreviations: LRR,
locoregional recurrence; DR, distant recurrence; BCM, breast cancer mortality; PMRT, postmastectomy radiation therapy.
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high-risk feature presented a rate of 3.8% [1]. In a study of 1505
unirradiated patients treated between 1989 and 1999, Truong et al.
[4] demonstrated that larger tumor size (>2 cm), higher tumor
grade and LVI were predictive of LRR. Patients with two ormore risk
factors presented a 10-year LRR risk of 20%, while those without
risk factors exhibited a rate of 5.5%. In the present study, we
identified tumor size, ER status, histologic grade and LVI as the risk
factors of LRR. The 5-year rate of LRR for unirradiated patients with
3 or 4 risk factors was 9.5%, while the rate for low-risk patients was
0.8%, which is comparable to the above-mentioned rates. Although
studies concentrated on identifying risk factors of LRR, the results
were varied. Thus, the patient selection criteria for PMRT in pa-
tients with T1-2N0 breast cancer was still uncertain.

There is limited evidence to directly investigate the effect of
PMRT on patients with T1-2N0 breast cancer. The Early Breast
Cancer Trialists Collaborative Group meta-analysis demonstrated
no benefit form PMRT for node-negative patients, in terms of LRR,
overall recurrence and BCM. Consistently, we found no correlation
between PMRTand outcomes of interest in all patients with T1-2N0
breast cancer in the present study. For patients with T1-2N0 breast
cancer and high-risk features, the favorable findings from the
4

EORTC 22,922/10,925 trial support the addition of nodal irradiation
to whole-breast radiation therapy [11]. In the present study, for
patients with 3 or 4 risk factors of LRR, PMRT was significantly
associated with reduced LRR, DR and BCM, suggesting a heteroge-
neous effect of PMRT on patients with T1-2N0 breast cancer. PMRT
might be beneficial for patients at high risk of LRR by eradicating
the remaining tumor foci after surgery. On the contrary, despite the
advances in radiation technology [14], the risk of detrimental effect
of PMRT might outweigh its benefit for patients at low risk of LRR.
The benefit-risk evaluation of PMRT in patients with T1-2N0 breast
cancer should be taken into consideration in clinical practice.

Since majority of irradiated patients in our study have tumors
2e5 cm in size, we further analyzed the effect of PMRT in patients
with T2N0 breast cancer. PMRT was found to be correlated with
decreased LRR, DR and BCM in high-risk group, other than low-risk
group. These results were consistent with the former findings in
patients with T1-2N0 breast cancer, confirming the hypothesis that
patients with higher risk of LRR might benefit from PMRT.

The limitation to this study is the retrospective nature, which
might subject to selection bias.



Fig. 2. The effect of PMRT on patient subgroups with T2N0 breast cancer. Abbreviations: PMRT, postmastectomy radiation therapy; LRR, locoregional recurrence; DR, distant
recurrence; BCM, breast cancer mortality.
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5. Conclusions

In this large sample sized study, we identified tumor size, ER
status, histologic grade and LVI as the risk factors of LRR in patients
with T1-2N0 breast cancer. Patients with 3 or 4 risk factors were
more likely to benefit from PMRT. Our findings need to be validated
by further studies.
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