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Purpose: The aim of this study is to evaluate the role of regional nodal
irradiation (RNI) in patients with T1-2N1MO breast cancer and to identify the
subgroup that could benefit from RNI.

Methods and materials: A total of 4,243 women with pT1-2N1IMO breast
cancer treated at two institutions in China were retrospectively reviewed.
Survival rates were calculated by the Kaplan—Meier method and compared
by the log-rank test. The association of risk factors with survival outcomes was
evaluated using multivariable proportional hazards regression.

Results: A total of 932 patients (22.0%) received RNI. At a median follow-up of
5.9 years, the 5-year locoregional recurrence (LRR), distant metastasis (DM),
disease-free survival (DFS), and overall survival (OS) rates were 4.0% and 7.2%
(P =0.001), 13.2% and 10.6% (P = 0.465), 85.0% and 84.7% (P = 0.131), and
93.9% and 92.8% (P = 0.004) in the RNI and non-RNI groups, respectively.
Multivariate analysis revealed that RNI was an independent prognostic factor
for lower LRR (P = 0.001) and longer DFS (P = 0.013). Patients were stratified
into low-, intermediate-, and high-risk groups based on the eight non-
therapeutic risk factors. RNI significantly decreased the 5-year LRR (2.2% vs.
7.0%, P = 0.001) and improved the 5-year DFS (88.8% vs. 84.9%, P = 0.015)
and OS (95.8% vs. 93.9%, P = 0.010) in the intermediate-risk group. However,
neither the low-risk group nor the high-risk group had survival benefit
from RNI.
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Conclusion: T1-2N1IMO breast cancer is a heterogeneous disease. We found
that RNI only improved survival in the intermediate-risk group. It might be
omitted in low-risk patients, and the role of RNI in high-risk patients needs

further study.

KEYWORDS

breast neoplasm, regional nodal irradiation, one to three positive nodes, radiotherapy,

risk factor

Introduction

Postmastectomy radiotherapy (PMRT), which commonly
includes chest wall and regional nodal irradiation (RNI), has
been recommended in patients with node-positive breast cancer
after mastectomy, whereas whole-breast irradiation (WBI) has
been generally recommended in early-stage patients after breast-
conserving surgery (BCS). Both PMRT and WBI have been
confirmed to reduce the risk of locoregional recurrence (LRR)
and improve breast cancer-specific survival (1, 2).

In the context of modern surgical techniques and enhanced
systemic therapy, the role of PMRT or RNI in addition to WBI
remains controversial in patients with T1-2N1MO breast cancer
who have undergone mastectomy or BCS plus axillary lymph
node dissection. The LRR rate was lower than 10% at 5 years and
11.2%-15.9% at 10 years (3-9). Some studies showed that PMRT
or RNI in addition to WBI reduced LRR (6, 8), whereas other
studies showed that PMRT had no impact on LRR (10-12),
breast cancer-specific survival (13), or overall survival (OS) (10,
14). A study on data from the National Cancer Database
(NCDB) and the Surveillance, Epidemiology, and End Results
(SEER) registry showed that PMRT improved OS only in select
patients, such as those with three positive nodes or two positive
nodes and T2 tumors (15). However, neither database included
data on tumor quadrant, biological markers, or lymphovascular
invasion (LVI), which have been reported as risk factors for LRR
(5, 8, 10, 16). Therefore, we retrospectively analyzed patients
with T1-2N1MO breast cancer to compare the survival outcomes
between those treated with RNT and without RNI and attempted
to identify the subgroup that could benefit from RNI based on
the clinically available risk factors.

Methods and materials
Patient selection

Patients with pT1-2N1MO breast cancer treated at two
institutions in China between January 1999 and December 2014
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were recruited for the study. The study protocol was approved by
the Institutional Review Board of Cancer Hospital, Chinese
Academy of Medical Sciences and Peking Union Medical
College (approval number 15-057/984). The requirement of
informed consent was waived. Patients were eligible if: 1) they
underwent upfront surgical management without the receipt of
any prior systemic therapy; 2) all surgery consisted of either
modified radical mastectomy or BCS with axillary lymph node
dissection; 3) primary tumors were 5 cm or less in diameter with
one to three positive axillary lymph nodes; 4) all received
postoperative radiotherapy after BCS; 5) distant metastasis
(DM) is absent at initial diagnosis. Physical examination and
imaging examination like mammography and ultrasound were
usually used for the diagnostic work-up of these patients at initial
diagnosis. Clinicopathological data were recorded, including age,
date of surgery, tumor morphology, histological grade, nodal
status, estrogen receptor (ER) status, progesterone receptor (PR)
status, human epidermal growth factor receptor 2 (HER2) status,
and information from adjuvant treatments.

Statistical analyses

After adjuvant treatments were finished, a follow-up was
conducted regularly and continued until death or loss to follow-
up. The general characteristics of the subjects are expressed as
frequencies and percentages and compared using the Fisher
exact or % test. LRR was defined as recurrence on the ipsilateral
chest wall/breast, ipsilateral axilla, supra/infraclavicular regions,
and internal mammary lymph nodes (IMNs). DM was defined
as clinical evidence of distant disease based on clinical and/or
radiographic findings. Disease-free survival (DFS) and OS rates
were calculated from the date of the definitive surgery. Survival
rates were calculated using the Kaplan-Meier method and
compared by the log-rank test. The association of survival
outcomes with potential prognostic factors was tested by
univariate Cox regression analysis and further evaluated using
multivariable proportional hazards regression. Statistical
analyses were performed using the SPSS package for Windows,
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version 23.0 (SPSS, Inc., Chicago, IL, USA). A P-value of <0.05
was considered statistically significant.

Results
Patient characteristics

After excluding 19 patients for whom RNI-related information
was unavailable, 4,243 women were included (Figure 1). Table 1
shows the demographic, tumor, and treatment characteristics of the
entire patient cohort. The median age was 48 years (range, 23-84
years). A total of 3,858 (90.9%) patients received mastectomy and
385 (9.1%) received BCS. The median number of axillary lymph
nodes removed was 17 [interquartile range (IQR), 13-22]. The
median number of positive nodes was 1 (range, 1-3). A total of
3,976 out of the 4,243 (93.7%) patients received adjuvant
chemotherapy with a median of six cycles (range, 1-16). Of the
3,279 out of the 4,243 (77.3%) patients with ER-/PR-positive
tumors, 2,845 (86.8%) received hormonal therapy. Of the 857 out
of the 4,243 (20.2%) patients with HER2-positive tumors, 231
(27.0%) received adjuvant trastuzumab.

Among 3,858 patients who underwent mastectomy, 832
(21.6%) received PMRT, with 823 (98.9%) receiving chest wall

4262 women with T1-2N1MO breast cancer who had undergone
mastectomy and axillary lymph node dissection without neoadjuvant
chemotherapy between January 1999 and December 2014

19 excluded:
missing data of RNI-
related information

A4

v

4243 patients included in the analysis:
. RNI: 932 patients (22.0%)
. non-RNI: 3311 patients (78.0%)

1000 excluded:
missing data to risk
stratification

v

A4

3043 patients included in the risk-stratification analysis
. low risk: 948 patients (31.1%)
. intermediate risk: 1508 patients (49.6%)
. high risk: 587 patients (19.3%)

FIGURE 1
Flow chart.
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irradiation plus RNI and 9 (1.1%) receiving chest wall irradiation
only. All 385 patients who underwent BCS received
postoperative radiotherapy. Of them, 109 (28.3%) received
WBI plus RNI, and 276 (71.7%) received WBI only. In the 932
patients who received RNI, the supra-/infraclavicular nodal
region, axilla, and IMNs were irradiated in 928 (99.6%), 52
(5.6%), and 82 (8.8%) patients, respectively. In the 1,217 patients
who received radiotherapy, the total dose was 50 Gy in 25
fractions or 48.6 Gy in 27 fractions in 1,130 (92.9%) patients or
40 Gy in 15 fractions or 43.5 Gy in 15 fractions in 87 (7.1%)
patients. An additional tumor bed boost of 8.7 Gy in three
fractions or 10 Gy in five fractions was delivered after WBI in
366 out of the 385 (95.1%) patients who underwent BCS.
Information on radiation techniques was available for a total
of 751 out of the 1,217 (61.7%) patients, of which 568 (75.6%), 27
(3.6%), and 156 (20.8%) received two-dimensional, three-
dimensional conformal, and intensity-modulated
radiotherapy, respectively.

Patients were classified into two groups: the RNI group
(n = 932, 22.0%) and the non-RNI group (n = 3,311, 78.0%).
As shown in Table 1, compared with the non-RNI group, the
RNI group had more patients treated between 2009 and 2014,
aged <40 years, with T2 disease, two to three positive nodes, LV,
grade 3 tumors, hormonal receptor negative, and HER2-positive
disease. More patients received mastectomy, chemotherapy, and
anti-HER2 targeted therapy in the RNI group than that in the
non-RNI group.

The role of RNI in the entire cohort

The median follow-up period was 5.9 (IQR, 4.1-8.4)
years. A total of 73 (1.7%), 190 (4.5%), and 68 (1.6%)
patients showed local, regional, and both local and regional
recurrence, respectively. Six hundred (14.1%) patients
showed DMs, and 442 (10.4%) patients died. The 5-year
LRR, DM, DES, and OS rates for the entire cohort were
6.6%, 11.1%, 84.8%, and 93.1%, respectively. Furthermore,
the 5-year LRR, DM, DEFS, and OS rates were 4.0% and 7.2%
(P=0.001),13.2% and 10.6% (P = 0.465), 85.0% and 84.7% (P
= 0.131), and 93.9% and 92.8% (P = 0.004) in the RNI and
non-RNI groups, respectively (Figure 2).

The results of the univariate and multivariate analyses of risk
factors for survival outcomes are shown in Table 2. RNI was an
independent risk factor for lower LRR [hazard ratio (HR), 0.41;
95% confidence interval (CI), 0.26-0.63; P < 0.00] and higher
DFS (HR, 0.73; 95% CI, 0.57-0.94; P = 0.013).

The role of RNI in different risk groups

The following eight non-therapeutic risk factors proven to
independently predict either LRR, DM, DFS, or OS in
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TABLE 1 Baseline characteristics of the entire patient cohort.

No. (%) P
Entire cohort (n = 4,243) Non-RNI (n = 3,311) RNI (n = 932)

Year < 0.001
1999-2008 1,975 (46.5) 1,613 (48.7) 362 (38.8)
2009-2014 2,268 (53.5) 1,698 (51.3) 570 (61.2)

Age (years) <0.001
<40 796 (18.8) 545 (16.5) 251 (26.9)
>40 3,447 (81.2) 2,766 (83.5) 681 (73.1)

Tumor location 0.777
Inner quadrant 906 (21.4) 714 (21.6) 192 (20.6)
Other quadrants 3,277 (77.2) 2,551 (77.0) 726 (77.9)
Unknown 60 (1.4) 46 (1.4) 14 (1.5)

T stage < 0.001
Tl 1,996 (47.0) 1,605 (48.5) 391 (42.0)
T2 2,247 (53.0) 1,706 (51.5) 541 (58.0)

No. of positive nodes <0.001
1 2,186 (51.5) 1,877 (56.7) 309 (33.2)
2-3 2,057 (485) 1,434 (43.3) 623 (66.8)

Lymphovascular invasion <0.001
No 3,439 (81.1) 2,717 (82.1) 722 (77.5)
Yes 521 (12.3) 357 (10.8) 164 (17.6)
Unknown 283 (6.6) 237 (7.2) 46 (4.9)

Histological grade <0.001
I 131 (3.1) 117 (3.5) 14 (1.5)
il 2,278 (53.7) 1,809 (54.6) 469 (50.3)
III 1,026 (24.2) 784 (23.7) 242 (26.0)
Unknown 808 (19.0) 601 (18.2) 207 (22.2)

Hormonal receptor <0.001
Negative 911 (21.5) 667 (20.1) 244 (26.2)
Positive 3279 (77.3) 2610 (78.8) 669 (71.8)
Unknown 53 (1.2) 34 (1.0) 19 (2.0)

HER2 <0.001
Negative 2,830 (66.7) 2,259 (68.2) 571 (61.3)
Positive 857 (20.2) 641 (19.4) 216 (23.2)
Unknown 556 (13.1) 411 (12.4) 145 (15.6)

Surgery 0.002
Breast-conserving 385 (9.1) 276 (8.3) 109 (11.7)
Mastectomy 3,858 (90.9) 3,035 (91.7) 823 (88.3)

Chemotherapy < 0.001
No 239 (5.6) 229 (6.9) 10 (1.1)
Yes 3,976 (93.7) 3,056 (92.3) 920 (98.7)
Unknown 28 (0.7) 26 (0.8) 2(0.2)

Hormonal therapy 0.110
No 1,107 (26.1) 846 (25.6) 261 (28.0)
Yes 3,004 (70.8) 2,368 (71.5) 636 (68.2)
Unknown 132 (3.1) 97 (2.9) 35 (3.8)

Target therapy <0.001
No 3,438 (81.0) 2,744 (82.9) 694 (74.5)
Yes 231 (5.4) 142 (4.3) 89 (9.5)
Unknown 574 (13.5) 425 (12.8) 149 (16.0)

RNI, regional nodal irradiation; HER2, human epidermal growth factor receptor 2.
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Kaplan—Meier plots showing locoregional recurrence (A), distant metastasis (B), disease-free survival (C), and overall survival (D) between the

RNI'and non-RNI groups (4,243 patients).

multivariate analysis were used to define risk groups: age (<40
years vs.>40 years), tumor location (inner quadrant vs. other
quadrants), pT stage (T2 vs. T1), number of positive nodes (two
to three vs. one), LVI (yes vs. no), histological grade (grade 3 vs.
grades 1-2), hormonal receptor (negative vs. positive), and
HER?2 status (positive vs. negative). Out of the 4,243 patients,
3,043 (71.7%) patients who had information available on these
factors were stratified into three risk groups: low-risk [0-1 risk
factors, n = 948 (31.1%)], intermediate-risk [2-3 risk factors,
n = 1,508 (49.6%)], and high-risk [>4 risk factors, n = 587
(19.3%)] groups. Significant differences were observed in LRR,
DM, DEFS, and OS among the three risk groups (all P < 0.001,
Figure 3). After adjusting for treatment, the risk group was
independently associated with LRR, DM, DFS, and OS in
multivariate analysis (Table 3).

A total of 115 out of the 948 (12.1%) patients in the low-risk
group, 220 out of the 1,508 (21.9%) patients in the intermediate-
risk group, and 199 out of the 587 (33.9%) patients in the high-
risk group received RNI. RNI significantly reduced 5-year LRR
(2.2% vs. 7.0%, P = 0.001) and improved DFS (88.8% v. 84.9%,
P = 0.015) and OS (95.8% vs. 93.9%, P = 0.010) in the
intermediate-risk group but had no impact on survival
outcomes in the low- or high-risk groups (Figure 4).
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After adjusting for the eight non-therapeutic risk factors,
treatment era, surgery type, chemotherapy, hormonal therapy,
and targeted therapy, RNI was associated with lower LRR (HR,
0.22; 95% CI, 0.10-0.49; P < 0.001) and higher DFS (HR, 0.66;
95% CI, 0.46-0.94; P = 0.023) and OS (HR, 0.55; 95% CI, 0.31-
0.99; P = 0.048) in the intermediate-risk group (Supplementary
Table 1). In the high-risk group, RNT was only associated with
lower LRR (HR, 0.56; 95% CI, 0.31-1.00; 14.9% vs. 10.8% at 5
years; P = 0.050) (Supplementary Table 2). However, the low-
risk group did not benefit from RNI (Supplementary Table 3).

Discussion

The present study showed that T1-2N1MO breast cancer is a
heterogeneous disease, and patients can be stratified into three
groups on the basis of eight clinically available risk factors. RNI
significantly decreased LRR and improved DFS and OS in the
intermediate-risk group. The DFS and OS advantage from RNI
among patients in the intermediate-risk group was ~4% and
~2% at 5 years. However, RNT only decreased LRR in the high-
risk group in multivariate analysis and had no effect on the low-
risk group. The eight non-therapeutic risk factors may,
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TABLE 2 Univariate and multivariate analyses of risk factors for outcome events.

Variate Locoregional recurrence Distant metastasis Disease-free survival Overall survival
UnivariateHR P MultivariateHR P UnivariateHR P MultivariateHR P UnivariateHR P MultivariateHR P UnivariateHR P MultivariateHR P
(95% CI) (95% CI) (95% CI) (95% CI) (95% CI) (95% CI) (95% CI) (95% CI)

Year

1999-2008 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

2009-2014 0.77 (0.61-0.98)  0.034 1.13 (0.84-1.52) 0.416  0.79 (0.66-0.94)  0.008 0.94 (0.75-1.17) 0.579  0.73 (0.62-0.85)  <0.001  0.88 (0.73-1.07) 0.191  0.66 (0.53-0.83)  <0.001 0.78 (0.59-1.03) 0.079
Age (years)

>40 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

<40 1.48 (1.16-1.90) 0.002 1.53 (1.11-2.12) 0.009 1.28 (1.06-1.55) 0.011 1.47 (1.16-1.86) 0.002 1.24 (1.05-1.47) 0.011 1.41 (1.14-1.75) 0.001 1.17 (0.93-1.47) 0.178 1.46 (1.08-1.97) 0.013
Tumor location

Others 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Inner 2.02 (1.60-2.54) <0.001 1.92 (1.44-2.56) <0.001 1.53 (1.28-1.83) <0.001 1.47 (1.18-1.84) 0.001 1.49 (1.28-1.74) <0.001 1.46 (1.20-1.77) <0.001 1.40 (1.14-1.73) 0.002 1.29 (0.98-1.71) 0.069
quadrant
T stage

T1 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

T2 224 (1.77-2.84)  <0.001 1.95 (1.45-2.64) <0.001  1.75 (1.48-2.08)  <0.001 1.59 (1.28-1.96)  <0.001  1.78 (1.54-2.06)  <0.001 1.59 (1.32-1.91)  <0.001  1.80 (1.47-2.19)  <0.001 1.58 (1.22-2.05) 0.001
No. of positive nodes

1 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

2-3 1.48 (1.19-1.84) <0.001 1.85 (1.40-2.46) <0.001 1.75 (1.48-2.08) 0.002 1.29 (1.05-1.59) 0.014 1.23 (1.07-1.41) 0.003 1.24 (1.04-1.49) 0.017 1.23 (1.02-1.49) 0.027 1.17 (0.91-1.51) 0.215
Lymphovascular invasion

No 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Yes 1.42 (1.03-1.95) 0.033 1.37 (0.94-1.98) 0.102 1.30 (1.02-1.67) 0.037 1.38 (1.04-1.84) 0.025 1.23 (0.99-1.53) 0.064 1.25 (0.97-1.61) 0.086 1.14 (0.83-1.57) 0.414 1.09 (0.74-1.61) 0.653
Histological grade

I-1I 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

I 1.63 (1.26-2.11)  <0.001 1.43 (1.08-1.90) 0.013 1.32 (1.08-1.60)  0.005 1.10 (0.89-1.37) 0.381 1.39 (1,17-1.64)  <0.001 1.13 (0.93-1.36) 0216  1.59 (1.26-2.01)  <0.001 1.20 (0.93-1.57) 0.164
Hormone receptor

Positive 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Negative 2.13 (1.69-2.67) <0.001 2.01 (1.29-3.13) 0.002 1.68 (1.41-2.00) <0.001 1.70 (1.21-2.39) 0.002 1.86 (1.60-2.16) <0.001 1.82 (1.36-2.42) <0.001 2.09 (1.71-2.55)  <0.001 1.82 (1.25-2.66) 0.002
HER2

Negative 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Positive 1.67 (1.30-2.15) <0.001 1.47 (1.06-2.03) 0.020 1.16 (0.94-1.42) 0.159 1.18 (0.92-1.53) 0.192 1.34 (1.13-1.59) 0.001 1.29 (1.04-1.60) 0.021 1.36 (1.08-1.72) 0.010 1.32 (0.98-1.78) 0.069
Surgery type

Breast- 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
conserving

Mastectomy 236 (1.38-4.04)  0.002 1.58 (0.89-2.81) 0.117  1.63 (1.61-2.28)  0.004 1.08 (0.76-1.55) 0.657 1.98 (1.44-2.71)  <0.001 0.73 (0.57-1.12) 0.242 191 (1.24-2.93)  0.003 1.04 (0.66-1.65) 0.864
RNI

No 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Yes 0.60 (0.43-0.82) 0.001 0.41 (0.26-0.63) <0.001 1.08 (0.88-1.31) 0.465 0.83 (0.63-1.09) 0.186 0.87 (0.73-1.04) 0.131 0.73 (0.57-0.94) 0.013 0.68 (0.52-0.89) 0.004 0.74 (0.51-1.06) 0.102
Chemotherapy

No 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

(Continued)
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therefore, be useful as predictors for potential OS benefit from
RNI in patients with T1-2N1MO breast cancer.

The value of RNI in patients with T1-2N1MO breast cancer
remains a topic of great clinical relevance and controversy. Our
results showed that the 5-year LRR was 7.2% in patients with T1-
2NIMO breast cancer without RNI, which is consistent with
other contemporary studies showing that the 5-year LRR was
less than 10% (9, 17-19). Given the low LRR risk, the necessity of
RNI in T1-2N1MO breast cancer has been questioned. The
results of the EORTC 22922 and MA.20 randomized studies
suggested that RNI improved DFS independent of its effect on
LRR, and the absolute 10-year DFS benefit from RNI was 3% and
5% (20, 21). In these two studies, RNI decreased DM
significantly, indicating that RNI may eradicate locoregional
areas of disease not destroyed by systemic therapy and that
these areas could be the sources of eventual tumor
dissemination, although active disease may not clinically
manifest at those locoregional sites before or after systemic
relapse. The benefit of RNI should be evaluated by looking
beyond LRR rates. Therefore, we used the eight non-therapeutic
risk factors identified for either LRR, DM, DES, or OS to stratify
patients into three risk groups with different prognoses, which is
consistent with the findings of another study showing that the
concomitant presence of multiple risk factors contributes to
higher tumor recurrence (9).

In the low-risk group, the risk of recurrence was very low,
and there was no benefit from RNI in terms of any endpoints;
therefore, RNI may be omitted. Avoiding unnecessary RNI
might reduce the risk of toxicities such as hypothyroidism
(22), pneumonitis (20), lymphedema (20), or cardiac disease
(23) that were resulted from RNI. Similarly, Bazan et al. and
Mubhsen et al. found that most patients with T1-2N1MO breast
cancer with low tumor burdens had low event rates, such that
PMRT could have been omitted (24, 25). In contrast, an
observational cohort study was performed on patients with
T1-2N1 ER-positive breast cancer from the NCDB and the
SEER registry who underwent mastectomy, and the result
showed that the longer survival associated with radiotherapy
was limited to patients with a low Oncotype Dx score, which
indicates the complicated competitive relationship between local
and distant relapse and suggests that the risk group differentiated
solely by clinical factors may be insufficient (26). The ongoing
MA 39/TAILOR RT trial selected HR+HER2-negative
population with low Oncotype Dx score and randomized them
to receive PMRT or not (NCT03488693). The result of the study
is expected to answer the question of the role of RNI in the low-
risk group.

In the present study, the effect of RNI on LRR and the
translation from LRR benefit to survival benefit differed
between the intermediate-risk and high-risk groups. The
relative reduction of LRR from RNI was greater in the
intermediate-risk group than that in the high-risk group (HR
0.22 vs. 0.56). The intermediate-risk group showed survival
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Kaplan—Meier plots showing locoregional recurrence (A), distant metastasis (B), disease-free survival (C), and overall survival (D) among different

risk groups (3,043 patients).

benefits from RNI in multivariate analysis, thus select use of
RNI in the intermediate-risk group is reccommended. Whereas
RNI had no impact on survival in the high-risk group,
significant decrease in LRR was achieved. A previous meta-
analysis showed that comprehensive chest wall and RNI
reduced LRR by two-thirds and that the survival benefit was
proportional to the absolute reduction of LRR?. Our findings
showing that RNI was less effective in the high-risk group
might first be explained by the competing risk of distant disease
recurrence in the high-risk group that might negate survival
benefits from RNI. The systemic therapy was insufficient, e.g.,
anti-HER?2 targeted therapy was administered in only 27% of
patients with HER2-positive disease. Second, the lower use of
INM irradiation might reduce the efficacy of RNI. Given the
potential increased dose to the heart and lung and unconfirmed
OS benefit from additional IMN irradiation in randomized
trials (20, 27, 28), we did not routinely irradiate IMN in prior
clinical practice. However, we found that medial tumors were
independently associated with poorer survival. A few studies
have consistently shown that medial breast cancers carry a
worse prognosis than lateral breast cancers, even after
adjusting for other known prognostic factors (5, 29, 30).
Because IMN involvement occurred more frequently in
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patients with medially located tumors (31), coverage of IMN
in RNI might be considered. One previous study showed that
supraclavicular or IMN irradiation alone did not improve
survival outcomes in N1 breast cancer (18). A Danish study
showed that additional IMN irradiation significantly improved
the OS in patients with one to three positive nodes and
medially located tumors (32). A meta-analysis of four
prospective trials revealed that supra-/infraclavicular nodal
irradiation reduced LRR without improvement in OS, and a
prolongation in survival due to RNI is achieved when the IMN
is included, based on a reduction in DM (33). Therefore, we
assumed that the high-risk group might expect benefit from
RNT if systemic therapy is sufficient and IMN is included. In
contrast, Luo et al. reported that patients with T1-2N1 breast
cancer were sorted into three risk groups with distinct LRRs on
the bases of five risk factors, namely, T2 disease, three positive
nodes, grade 3 disease, ER-negative status, and presence of LVL
PMRT was significantly correlated with decreased LRR, DM,
and breast cancer mortality in the high-risk group (34). Wu
et al. restaged T1-2N1 breast cancer from the SEER registry on
the basis of the eighth edition of the American Joint Committee
on Cancer (AJCC) pathological staging system and found that
PMRT was only associated with better BCSS in the high-risk
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TABLE 3 Multivariate analyses of risk group adjusted by era and treatments.

Distant metastasis

Variate Locoregional recurrence

HR (95% CI) p HR (95% CI)
Risk group
Low-risk 1.00 1.00
Intermediate-risk 2.46 (1.63-3.70) <0.001 1.61 (1.24-2.09)
High-risk 5.42 (3.46-8.49) <0.001 2.60 (1.91-3.55)
Year
1999-2008 1.00 1.00
2009-2014 1.09 (0.81-1.46) 0.552 0.93 (0.75-1.16)
Surgery type
Breast-conserving 1.00 1.00
Mastectomy 1.71 (0.97-3.02) 0.062 1.14 (0.80-1.62)
RNI
No 1.00 1.00
Yes 0.47 (0.30-0.71) <0.001 0.91 (0.70-1.19)
Chemotherapy
No 1.00 1.00
Yes 1.88 (0.83-4.25) 0.129 0.99 (0.62-1.58)
Hormonal therapy
No 1.00 1.00
Yes 0.85 (0.63-1.14) 0.273 0.73 (0.59-0.92)
Target therapy
No 1.00 1.00
Yes 0.58 (0.31-1.08) 0.085 0.53 (0.32-0.88)

HR, hazard ratio; CI, confidence interval.

group, i.e., stage IIIA disease (35). However, details regarding
the radiation fields used for the patients analyzed were not
provided in these two studies.

To our knowledge, the present study is one of the few
studies to investigate the role of RNI in patients with TI-
2N1MO stage breast cancer. An important strength of our study
was the inclusion of data from two large cancer centers to
thoroughly investigate the role of RNI by risk stratification.
Furthermore, our study accounts for as many confounding
factors as possible.

This study was designed with reference to most randomized
or prospective studies like EORTC 22922, KROG 08-06, and
Danish study, in which RNI was evaluation in patients who had
undergone BCS and mastectomy (21, 32, 36). However, the
study is subject to the same limitations of a retrospective study.
First, patients with high-risk factors were chosen to receive RNI,
which only accounted for 22% of the entire cohort. Adjustment
for registered characteristics might not exclude residual
confounding, and selection bias still potentially influenced the
estimation of treatment effects. Second, with advancements in
diagnostic and therapeutic strategies, treatment guidelines for
patients with breast cancer have changed over the time period
that this study covers, and the findings may not fully reflect the
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Overall survival

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

1.00 1.00

<0.001 1.76 (1.39-2.22) <0.001 1.60 (1.15-2.22) 0.005

<0.001 2.70 (2.05-3.56) <0.001 250 (1.71-3.66) <0.001
1.00 1.00

0.545 0.88 (0.73-1.06) 0.175 0.78 (0.59-1.02) 0.074
1.00 1.00

0.474 1.29 (0.93-1.80) 0.130 1.10 (0.70-1.73) 0.671
1.00 1.00

0.491 0.79 (0.62-0.99) 0.045 0.80 (0.56-1.15) 0235
1.00 1.00

0.969 0.75 (0.53-1.07) 0.118 0.43 (0.28-0.64) <0.001
1.00 1.00

0.007 0.65 (0.54-0.79) <0.001 0.43 (0.33-0.56) <0.001
1.00 1.00

0.014 0.52 (0.33-0.81) 0.005 0.34 (0.15-0.78) 0.011

outcomes of patients currently being treated. Specifically, this
cohort appeared to receive more intensive surgery and
chemotherapy but less endocrine therapy and anti-HER2
targeted therapy than would be expected in the modern era.
For example, over 90% of patients in this cohort underwent
mastectomy; we only included patients who received axillary
lymph node dissection, rather than sentinel node biopsy; and
93.7% of patients received chemotherapy; when indicated, only
86.8% and 29% of patients received endocrine therapy and anti-
HER? targeted therapy. However, the study from NCDB registry
demonstrated marked trends toward higher proportions of BCS-
eligible patients undergoing mastectomy, breast reconstruction,
and bilateral mastectomy (37). Thus, the findings of the present
study are clinically relevant. Third, to eliminate the influence of
confounding, all patients in the study had not received
neoadjuvant chemotherapy that is widely used to treat stage II
to IIT breast cancers in modern era. Further study is needed to
analyze the value of RNI based on the neoadjuvant
chemotherapy. Fourth, the sample sizes of the risk stratified
groups become quite small and conclusions from this cohort
might be tempered on the basis of the small number of patients
in each group. At last, because of the limited follow-up time, the
effect of RNI on survival warrants further validation.
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Kaplan—Meier plots showing locoregional recurrence, distant metastasis, disease-free survival, and overall survival between the RNI and non-RNI
groups in low-risk patients (A—D), intermediate-risk patients (E-=H), and high-risk patients (I-L).

Conclusions

T1-2N1MO breast cancer is a heterogeneous disease. We
found that the RNI only improved survival in the intermediate-
risk group. RNI might be omitted in the low-risk group, and the
role of RNI in the high-risk group needs further study.
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