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a b s t r a c t

Purpose: To use pathologic indicators to determine which patients benefit from postmastectomy radi-
ation therapy (PMRT) for breast cancer after neoadjuvant chemotherapy (NACT) and total mastectomy
(TM).
Patients and methods: We enrolled 4236 patients with breast invasive ductal carcinoma who received
NACT followed by TM. Cox regression analysis was used to calculate hazard ratios (HRs) and confidence
intervals; independent predictors were controlled for or stratified in the analysis.
Results: After multivariate Cox regression analyses, the adjusted HRs derived for PMRT for all-cause
mortality were 0.65 (0.52e0.81, P < 0.0001) and 0.58 (0.47e0.71, P < 0.0001) in postchemotherapy
pathologic tumor stages T2e4 (ypT3e4) and postchemotherapy pathologic nodal stages N2e3 (ypN2e3),
respectively. Moreover, adjusted HRs derived for PMRT with all-cause mortality were 0.51 (0.38e0.69,
P < 0.0001), 0.60 (0.40e0.88, P ¼ 0.0096), and 0.64 (0.48e0.86, P ¼ 0.0024) in pathological stages IIIA,
IIIB, and IIIC, respectively. Additionally, the PMRT group showed significant locoregional control irre-
spective of the pathologic response, even ypT0, ypN0, or pathological complete response (pCR),
compared with the No-PMRT group. The multivariate analysis showed no statistical differences between
the PMRT and No-PMRT groups for distant metastasis-free survival in any pathologic response of ypT0
e4, ypN0e3, and pathologic American Joint Committee on Cancer stages pCR to IIIC.
Conclusion: For patients with breast cancer ypT3e4, ypN2e3, or pathologic stages IIIAeIIIC receiving
NACT and TM, benefit from PMRT if it is associated with OS benefits, regardless of the clinical stage of the
disease. Compared with No-PMRT, PMRT improved locoregional recurrence-free survival, even pCR, in
patients with breast cancer receiving NACT and TM.
© 2020 The Author(s). 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/).
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1. Introduction

Most patients with locally advanced breast cancer, and some
with early-stage disease, particularly with triple negative or human
epidermal growth factor receptor 2 (HER2) positive status, are
treated with neoadjuvant chemotherapy (NACT) [1,2]. The goal of
the treatment is to induce a tumor response before surgery and
enable breast conservation [1,2]. Moreover, NACT provides infor-
mation regarding response to therapy that may be useful in the
future if the disease recurs. NACT results in long-term distant
disease-free survival and overall survival (OS) comparable with
those achieved with primary surgery followed by adjuvant sys-
temic therapy [3,4]. However, the choice between breast conser-
vation and total mastectomy (TM) after NACT is dependent on the
pathologic response and patients’ breast size in relation to residual
tumor size [5,6]. Therefore, the surgical approach to the primary
tumor depends on the size of the tumor and breast [5,6]. Asian
women have relatively smaller breasts compared with women in
Western countries [7]. Thus, TM rates among women receiving
NACT in Asia have been high [8]. Therefore, the number of Taiwa-
nese patients with breast cancer receiving NACT followed by TM is
high [9]. The effect of postchemotherapy pathologic tumor stages
(ypT), postchemotherapy pathologic nodal stages (ypN), or overall
pathologic American Joint Committee on Cancer (AJCC) stages
would be valuable for further adjuvant treatment in Taiwan or Asia
because most patients in Taiwan still receive TM after NACT [8,9].

Postmastectomy radiation therapy (PMRT) has two potential
benefits, namely a decrease in the rate of locoregional recurrence
(LRR) and increases in long-term breast cancer-specific survival and
OS for certain patient populations (one or more of the following:
involvement of axillary lymph nodes, a tumor size of more than
5 cm, and invasion of the cancer to skin or pectoral fascia) [10e13].
These benefits have been consistently reported in multiple studies
[10e13]. Decisions on who should receive PMRT depend on the
baseline risk for recurrence, such as women who have >3 involved
lymph nodes, 1e3 involved lymph nodes, or high-risk primary tu-
mors [10e13]. However, the indications of PMRT for patients who
received neoadjuvant therapy have been controversial, especially in
patients receiving TM [14,15]. LRR benefits have been presented in
patients with any degree of residual macroscopic nodal disease
after NACT with PMRT because retrospective evidence suggests
that recurrence is high in such patients [16]. PMRT has been offered
to patients with residual breast disease (ypT1e4), although the
threshold to omit PMRT in such patients is lower than that for
patients with residual nodal (ypN1e3) disease [16,17]. Evidence
with ypT or ypN as indicators is insufficient for determining further
PMRT, and a combination of ypT and ypN as indicators has not been
considered for determining further PMRT.

Until now, no detailed outcome analysis is available regarding
PMRT for breast cancer after NACT and TM depending on different
pathologic responses and stratification based on ypT, ypN, and
overall pathologic AJCC stages. In our study, we estimated the
detailed outcomes of OS, LRR, and distant metastasis (DM) in PMRT
for breast cancer status after NACT and TM with various pathologic
responses of ypT, ypN, or overall pathologic AJCC stages. Moreover,
we prefer using pathologic indicators to determine conditions for
PMRT for breast cancer after NACT and TM.

2. Patients and methods

In this study, we established a cohort of breast cancer using data
from the Taiwan Cancer Registry database (TCRD). The final cohort
eligible for further analysis consisted of 4236 patients (2917 and
1319 patients in PMRT and No-PMRT, respectively). We enrolled
patients with breast invasive ductal carcinoma (IDC) diagnosis
between January 1, 2007 and December 31, 2015. The follow-up
duration was from the index date (the date of breast cancer diag-
nosis) to December 31, 2016. The Cancer Registry database of the
Collaboration Center of Health Information Application contains
detailed cancer-related information of patients, including the
clinical stage, treatment modalities, pathological data, radiation
techniques, irradiation doses, hormone receptor status, HER2 sta-
tus, and chemotherapy regimens used [18e26]. In the study, we
included PMRT of both the chest wall and regional nodes with a
minimum of 50 Gy. Patients with no evidence of lymph node
involvement prior to or during NACT, or those who had negative
needle biopsies of any suspicious nodes at diagnosis, should un-
dergo post-NACT sentinel lymph node biopsy (SLNB). If the SLNB
post-treatment is positive, surgeons in Taiwan suggest proceeding
with axillary lymph node dissection (ALND). Our protocols were
reviewed and approved by the Institutional Review Board of Taipei
Medical University. The diagnoses of the enrolled patients were
confirmed through their pathological data, and patients who
received a new diagnosis of breast IDC were confirmed to have no
other cancer. Patients with a diagnosis of breast IDC receiving NACT
followed by TM, age �20 years, and AJCC clinical cancer stage IeIV
were included. Moreover, the AJCC clinical staging was recorded in
the TCRD. The breast cancer stages were based on AJCC, seventh
edition. Patients with metastasis, missing sex data, age <20 years,
nonstandard PMRT, unclear differentiation of tumor grade, unclear
pathologic response, missing estrogen receptor (ER), progesterone
receptor (PR) status, missing HER2 status, and unclear staging were
excluded. Furthermore, we excluded patients with unclear NACT
regimen, fewer than four cycles of NACT, ill-defined nodal surgery
(neither SLNB nor ALND), and nonrecorded hospital type [27] (ac-
ademic center or community hospitals) in our cohort. ER or PR
positive was defined as � 1% of tumor cells demonstrating positive
nuclear staining through immunohistochemistry [28], and HER2
positive was defined as immunohistochemistry score 3þ or fluo-
rescence in situ hybridization ratio � 2 [27,29]. Finally, we enrolled
patients with breast IDC receiving NACT followed by TM and
categorized them into the following groups according to the
treatment modality to compare their outcomes: group 1 (control
group), consisting of patients who did not receive PMRT, and group
2 (case group), consisting of patients who received PMRT. Index
date means the date met inclusion criteria and also the start of
follow-up. The index date was the date of breast cancer diagnosis.
Comorbidities were scored using the Charlson comorbidity index
(CCI) [30,31]. Only comorbidities observed 6 months before the
index date were included; comorbidities were identified and
included according to the main International Classification of Dis-
eases, Ninth Revision, Clinical Modification (ICD-9-CM) diagnosis
codes for the first admission or more than two repeated main
diagnosis codes for visits to the outpatient department.

After adjustment for confounders, the time-dependent Cox
proportional method was used to model the time from the index
date to all-cause mortality, LRR, and DM among patients who un-
derwent PMRT or No-PMRT. In the multivariate analysis, hazard
ratios (HRs) were adjusted for PMRT, age, diagnosis year, CCI scores,
tumor differentiation, AJCC clinical stages, ypT, ypN, NACT regimen,
nodal surgery, ER/PR, HER2 status, and hospital type. The effects of
PMRT on OS, LRR-free survival, and DM-free survival in multivari-
able Cox regression analysis, in patients who received NACTand TM
with or without PMRT, were stratified according to ypT, ypN, or
pathologic AJCC stages. Stratified analyses in different pathologic T
or N stages were performed to evaluate the OS, LRR, and DM risk
associated with PMRT or No-PMRT; furthermore, in the multivar-
iate analysis, we used age, diagnosis year, CCI scores, tumor dif-
ferentiation, AJCC clinical stages, ypT, ypN, NACT regimen, nodal
surgery, ER/PR, HER2 positive, and hospital type. All analyses were
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performed using SAS (version 9.3; SAS, Cary, NC, USA). A two-tailed
value of p < 0.05 was considered statistically significant.
3. Results

The final cohort eligible for further analysis consisted of 4236
patients (2917 and 1319 patients in groups 1 and 2, respectively).
The patient characteristics are summarized in Table 1. No statistical
differences were noted between the PMRT and No-PMRT groups in
terms of age, tumor grade, and ER/PR status (Table 1). The number
of patients receiving PMRT in 2011e2015 was higher than that in
2007e2010. In the PMRT group, the number of patients with breast
cancer with AJCC clinical stages IIIeIV was high. Few patients with
pathological complete response (pCR) received PMRT. Moreover,
most patients with breast cancer receiving PMRT received NACT
and TM irrespective of the pathologic response. Patients receiving
PMRT included those with advanced residual T or N stages. Most
patients in the PMRT group received ALND as nodal surgery. Most
Table 1
Characteristics of patients with breast cancer who received neoadjuvant chemotherapy

Variable T

P

Age Mean (SD) 5
Median (IQR: Q1, Q3) 5
20e49 1
50þ 1

Diagnosis year 2007e2010 9
2011e2015 1

CCI scores 0 2
1 3
2þ 1

Differentiation Well 1
Moderate 1
Poor 1

AJCC clinical stages I 6
II 9
III 9
IV 8

ypT ypT0 1
ypT1 7
ypT2 1
ypT3e4 8

ypN ypN0 8
ypN1 1
ypN2e3 6

yp pathologic AJCC stage pCR 1
IA 2
IB 3
IIA 4
IIB 4
IIIAeIIIC 1

NACT regimen Taxanes 1
Anthracycline 7
Both 8
Neither 1

Nodal surgery ALND 2
SLNB 8

ER/PR Negative 1
Positive 1

HER2 Negative 1
Positive 1

Hospital level Academic/research facility 1
Others 1

PMRT, postmastectomy radiation therapy; T, tumor; N, nodal; NACT, neoadjuvant chem
HER2, human epidermal growth factor receptor 2; pCR, pathological complete respon
standard deviation; CCI, Charlson comorbidity index; AJCC, American Joint Committee o
pathologic nodal stages; IQR, interquartile range.
patients receiving NACT with a taxane-based regimen received
PMRT. The PMRT group mostly consisted of HER2-positive patients.
Most patients receiving PMRT were treated in nonacademic hos-
pitals (Table 1).

According to themultivariate Cox regression analysis, PMRTwas
a significantly independent predictor of OS and LRR but a nonsig-
nificant predictor of DM (Tables 2e4). Both univariate and multi-
variate Cox regression analyses indicated that No-PMRT, CCI �2,
poor differentiation, AJCC clinical stages IIIeIV, and pathologic re-
sidual tumor (ypT1e4) or nodal (ypN1e3) stages are poor prog-
nostic factors for OS (Table 2). Well-differentiated tumor grade,
namely ypT0, ypN0, or ER/PR positive, was an independent good
prognostic factor for OS. In addition, according to a multivariate
analysis, poor prognostic factors for LRR were No-PMRT, poor dif-
ferentiation of tumor grade, AJCC clinical stages IIIeIV, residual
ypT1e4 or ypN1e3, and ER/PR positive status (Table 3). Table 4
shows that AJCC clinical stage IV, poor differentiation of tumor
grade, ypT2e4, ypN1e3, and HER2 positive status were poor
followed by total mastectomy stratified into PMRT and No-PMRT groups.

M

MRT (N ¼ 2917) No-PMRT (N ¼ 1319) p

1.3 (10.3) 52.0 (10.9) 0.1108
1 (44,58) 51 (44,59)
301 (69.8%) 562 (30.2%) 0.2263
616 (68.1%) 757 (31.9%)
56 (63.2%) 556 (36.8%) <0.0001
961 (72.0%) 763 (28.0%)
423 (69.9%) 1042 (30.1%) 0.0065
50 (64.1%) 196 (35.9%)
44 (64.0%) 81 (36.0%)
85 (6.3%) 86 (6.5%) 0.9504
505 (51.6%) 690 (52.3%)
227 (42.1%) 543 (41.2%)
6 (57.9%) 48 (42.1%) <0.0001
95 (77.7%) 285 (22.3%)
59 (58.2%) 690 (41.8%)
97 (75.2%) 296 (24.8%)
97 (60.2%) 130 (39.8%) <0.0001
49 (64.1%) 419 (35.9%)
163 (68.6%) 532 (31.4%)
08 (77.2%) 238 (22.8%)
22 (71.6%) 326 (28.4%) <0.0001
291 (84.6%) 235 (15.4%)
6 (57.9%) 48 (42.1%) <0.0001
54 (56.0%) 121 (44.0%) <0.0001
77 (50.5%) 272 (49.5%)
6 (65.5%) 19 (34.5%)
48 (53.6%) 388 (46.4%)
56 (71.3%) 184 (28.8%)
546 (82.2%) 335 (17.8%)
176 (78.0%) 331 (22.0%) <0.0001
72 (59.2%) 533 (40.8%)
33 (73.1%) 306 (26.9%)
36 (47.7%) 149 (52.3%)
104 (70.3%) 890 (29.7%) <0.0001
13 (65.5%) 429 (34.5%)
401 (68.2%) 653 (31.8%) 0.3726
516 (69.5%) 666 (30.5%)
876 (67.2%) 915 (32.8%) 0.0013
041 (72.0%) 404 (28.0%)
595 (62.8%) 946 (37.2%) <0.0001
322 (78.0%) 373 (22.0%)

otherapy; TM, total mastectomy; ER, estrogen receptor; PR, progesterone receptor;
se; ALND, axillary lymph node dissection; SLNB, sentinel lymph node biopsy; SD,
n Cancer; ypT, postchemotherapy pathologic tumor stages; ypN, postchemotherapy



Table 2
Multivariate analysis of all-cause mortality in patients with breast cancer who received neoadjuvant chemotherapy followed by total mastectomy.

All-cause mortality

HR (95% CI) p value

PMRT No Ref 0.0001
Yes 0.71 (0.56e0.77)

Age 20e49 Ref 0.59
50þ 1.02 (0.89e1.16)

Diagnosis year 2007e2010 Ref 0.88
2011e2015 0.97 (0.89e1.11)

CCI scores 0 Ref 0.0004
1 0.91 (0.73e1.11)
2þ 1.54 (1.24e1.90)

Differentiation Poor Ref <0.0001
Moderate 0.73 (0.66e0.86)
Well 0.43 (0.32e0.61)

AJCC clinical stages I Ref <0.0001
II 1.86 (0.92e2.88)
III 2.08 (1.29e3.77)
IV 2.80 (1.44e3.75)

ypT ypT0 Ref <0.0001
ypT1 1.59 (1.11e2.32)
ypT2 1.79 (1.22e1.98)
ypT3e4 2.59 (2.01e3.70)

ypN ypN0 Ref <0.0001
ypN1 1.44 (1.16e1.84)
ypN2e3 2.33 (2.01e2.77)

NACT regimen Anthracycline Ref 0.39
Taxanes 1.10 (0.93e1.29)
Both 1.04 (0.87e1.20)
Neither 1.13 (0.89e1.37)

Nodal surgery SLNB Ref 0.88
ALND 1.07 (0.89e1.33)

ER/PR Negative Ref <0.0001
Positive 0.65 (0.55e0.74)

HER2 positive Negative Ref 0.88
Positive 1.02 (0.88e1.14)

Hospital level Academic Ref 0.29
Others 0.91 (0.82e1.07)

HR, hazard ratio; CI, confidence interval; PMRT, postmastectomy radiation therapy; T, tumor; N, nodal; NACT, neoadjuvant chemotherapy; ER, estrogen receptor; PR, pro-
gesterone receptor; HER2, human epidermal growth factor receptor 2; ALND, axillary lymph node dissection; SLNB, sentinel lymph node biopsy; CCI, Charlson comorbidity
index; AJCC, American Joint Committee on Cancer; ypT, postchemotherapy pathologic tumor stages; ypN, postchemotherapy pathologic nodal stages.
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prognostic factors for DM. According to both univariate and
multivariate Cox regression analyses, the adjusted HRs (95% con-
fidence interval [CI]) of PMRT and No-PMRT were 0.71 (0.56e0.77),
0.51 (0.41e0.58), and 0.91 (0.77e1.21) for all-cause mortality, LRR,
and DM, respectively.

For stratified pathologic T (ypT0e4), pathologic N (ypN0e3), or
pathologic AJCC stages, multivariate Cox regression analyses
revealed that PMRT was a significant independent predictor of
improved OS in patients with breast cancer who received NACT and
TM with pathologic ypT3e4, ypN2e3, or pathologic AJCC stage
IIIAeIIIC (Fig. 1). Adjusted HRs for PMRT for all-cause mortality
were 0.65 (0.52e0.81) and 0.58 (0.47e0.71) in ypT3e4 and
ypN2e3, respectively (Fig. 1). Moreover, adjusted HRs for PMRT for
all-cause mortality were 0.51 (0.38e0.69), 0.60 (0.40e0.88), and
0.64 (0.48e0.86) in pathological AJCC stages IIIA, IIIB, and IIIC,
respectively (Fig. 1). Additionally, PMRT showed significant
locoregional control irrespective of the pathologic response, even
ypT0, ypN0, or pCR, comparedwith the No-PMRTgroup (Fig. 2). The
adjusted HRs (95% CI) of the PMRT group to No-PMRT group for
LRR-free survival were 0.36 (0.18e0.74), 0.39 (0.30e0.52), 0.64
(0.52e0.80), 0.42 (0.33e0.53), 0.60 (0.46e0.80), 0.46 (0.36e0.60),
and 0.28 (0.23e0.34) in ypT0, ypT1, ypT2, yoT3e4, ypN0, ypN1, and
ypN2e3, respectively (Fig. 2). The adjusted HRs of LRR-free survival
derived for PMRT for breast cancer after NACT and TM were 0.28
(0.12e0.64), 0.36 (0.21e0.60), 0.690(0.43e0.84), 0.61 (0.44e0.85),
0.24 (0.18e0.31), 0.40 (0.26e0.62), and 0.34 (0.25e0.46) in patients
with pathologic AJCC stage pCR, stage IA, IBeIIA, IIB, IIIA, IIIB, and
IIIC, respectively (Fig. 2). A multivariate analysis revealed no sta-
tistical differences between PMRT and No-PMRT groups for DM-
free survival in any pathologic response of ypT0e4, ypN0e3, and
pathologic AJCC stages pCR to IIIC (Supplemental Figure 1).
4. Discussion

PMRT has been prevalent in patients with breast cancer
receiving NACT and TM in recent years (Table 1). However, the
definitive indications of adjuvant PMRT are controversial in these
patients [14,15]; clinical stages did not provide convincing evidence
for performing PMRT in patients with breast cancer who have
received NACT and TM [32e38]. Because controversy exists
regarding clinical stages for indicating PMRT [14,15,32e38], path-
ologic tumor or nodal stages might be important basic references
for further PMRT in patients with breast cancer receiving NACT and
TM. Therefore, we focused on the pathologic stages after NACT as
indicators for performing further PMRT in these patients.

According to Table 1, the clinical stage or pathologic stages were
more advanced in the PMRT group than those in the No-PMRT
group. Patients in the PMRT group had higher CCI scores than did
those in the No-PMRT group (Table 1). Advanced clinical stages,
pathologic stages, and higher CCI scores were poor prognostic
factors for OS or LRR in patients with breast cancer after NACT and
TM (Tables 2 and 3). Although there were more patients with



Table 3
Multivariate analysis of locoregional recurrence in patients with breast cancer who received neoadjuvant chemotherapy followed by total mastectomy.

Locoregional recurrence

HR (95% CI) p value

PMRT No Ref <0.0001
Yes 0.51 (0.41e0.58)

Age 20e49 Ref 0.28
50þ 0.93 (0.84e1.06)

Diagnosis year 2007e2010 Ref 0.43
2011e2015 1.05 (0.92e1.18)

CCI scores 0 Ref 0.54
1 1.03 (0.91e1.26)
2þ 1.16 (0.90e1.50)

Differentiation Poor Ref 0.0081
Moderate 0.88 (0.75e0.94)
Well 0.64 (0.46e0.88)

AJCC clinical stages I Ref <0.0001
II 1.25 (0.76e1.97)
III 1.52 (1.01e2.34)
IV 1.85 (1.17e2.89)

ypT ypT0 Ref <0.0001
ypT1 1.61 (1.15e2.29)
ypT2 1.81 (1.29e2.51)
ypT3e4 2.48 (1.70e3.24)

ypN ypN0 Ref 0.0013
ypN1 1.40 (1.16e1.72)
ypN2e3 2.22 (1.84e1.93)

NACT regimen Anthracycline Ref 0.19
Taxanes 1.03 (0.96e1.09)
Both 1.10 (0.94e1.30)
Neither 1.12 (0.98e1.65)

Nodal surgery SLNB Ref 0.44
ALND 1.29 (0.93e1.80)

ER/PR positive Negative Ref 0.22
Positive 1.03 (0.93e1.27)

HER2 positive Negative Ref <0.0001
Positive 1.56 (1.34e1.70)

Hospital level Academic Ref 0.59
Others 1.02 (0.90e1.16)

HR, hazard ratio; CI, confidence interval; PMRT, postmastectomy radiation therapy; T, tumor; N, nodal; NACT, neoadjuvant chemotherapy; ER, estrogen receptor; PR, pro-
gesterone receptor; HER2, human epidermal growth factor receptor 2; ALND, axillary lymph node dissection; SLNB, sentinel lymph node biopsy; CCI, Charlson comorbidity
index; AJCC, American Joint Committee on Cancer; ypT, postchemotherapy pathologic tumor stages; ypN, postchemotherapy pathologic nodal stages.
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advanced stages or high CCI scores in the PMRT group compared
with in the No-PMRT group, OS was superior in the PMRT group
compared with the No-PMRT group. The survival benefits of OS in
the PMRT group were only underestimated and null to the hy-
pothesis. PMRT leads to improved OS and LRR, and the conclusions
could not be overturned.

According to Table 2, the AJCC clinical stage was an independent
poor prognostic factor of OS, especially in stages IIIeIV. In addition,
clinical stage IIIeIV was a poor prognostic factor for LRR (Table 3),
and clinical stage IV was a poor prognostic factor for DM (Table 4).
The clinical stage is an important factor indicating the risk of OS,
LRR, and DM (Tables 2e4). Our findings were compatible with
previous studies [32e38]. Retrospective data of women with clin-
ical stage III receiving PMRT have indicated improved local control
even for patients who had a pCR to NACT [32,34,37,38]. In one
retrospective study consisting of >670 women treated with NACT
followed by TM, PMRT was associated with a significantly low rate
of LRR at 10 years (22% versus 11%) and a low risk of death from
breast cancer (HR 0.5, 95% CI 0.34e0.71) [34]. Among the 46 pa-
tients who presented with clinical stage III or IV and achieved a pCR
with NACT, PMRTwas associatedwith a reduced 10-year rate of LRR
(3% versus 33% among patients not receiving PMRT). By contrast,
other retrospective data have suggested that certain patients who
achieve a pCR with NACT have low rates of LRR following TM
without PMRT [14,15]. The conclusions are conflicting regarding the
need for PMRT in patients with breast cancer who received NACT
and TM, especially pCR [14,15]. For example, a large retrospective
study of 3000 women treated with mastectomy with or without
PMRT revealed that PMRT was associated with a modest reduction
in 10-year LRR (10.3% versus 12.6% among patients who did not
receive PMRT), with predictors of recurrence being clinical node
involvement prior to NACT and tumor size > 5 cm [15]. Patients
lacking these features were at low risk of LRR [15]. Taken together,
whether PMRT is advantageous for patients with breast cancer after
NACT and TM based on clinical stages is still debatable. Thus,
pathologic findings might be crucial indicators of PMRT. Our study
showed that PMRT improves OS in patients with ypT3e4, ypN2e3,
or pathologic stage IIIAeIIIC compared with the No-PMRT group,
and clinical stages were adjusted (Fig. 1). Regardless of clinical
stages, we recommend that PMRT is necessary for patients with
breast cancer who received NACT and TM with ypT3e4, ypTN1e3,
or pathologic stages IIIAeIIIC, and PMRT could result in greater OS
than could No-PMRT.

Other predictors of OS in these patients with breast cancer who
received NACT and TM are also presented in Table 2, with poor
differentiation, CCI �2, and ER/PR negative being poor prognostic
factors for OS. No study has shown that poor differentiation, CCI�2,
and ER/PR negative are poor prognostic factors in breast cancer
after NACT and TM, but previous studies have considered high CCI
scores [39], ER/PR negative [40], and poor tumor differentiation
[41e43] as poor prognostic factors for OS, DM, or LRR in patients
with breast cancer who received various treatments. Our study



Table 4
Multivariate analysis of distant metastasis in patients with breast cancer who received neoadjuvant chemotherapy followed by total mastectomy.

Distant metastasis

HR (95% CI) p value

PMRT No Ref 0.33
Yes 0.91 (0.77e1.21)

Age 20e49 Ref 0.37
50þ 0.89 (0.88e1.21)

Diagnosis year 2007e2010 Ref 0.45
2011e2015 0.93 (0.73e1.16)

CCI scores 0 Ref 0.1386
1 1.22 (0.87e1.69)
2þ 1.43 (0.23e1.89)

Differentiation Poor Ref 0.0039
Moderate 0.78 (0.39e0.85)
Well 0.69 (0.35e0.79)

AJCC clinical stages I Ref 0.0048
II 1.29 (0.97e1.69)
III 1.34 (0.82e2.20)
IV 1.77 (1.19e2.39)

ypT ypT0 Ref <0.0001
ypT1 1.90 (0.94e3.66)
ypT2 2.73 (1.45e5.51)
ypT3e4 4.41 (2.21e7.87)

ypN ypN0 Ref <0.0001
ypN1 1.19 (1.11e1.59)
ypN2e3 1.28 (1.07e2.90)

NACT regimen Anthracycline Ref 0.89
Taxanes 0.98 (0.74e1.39)
Both 1.04 (0.78e1.30)
Neither 1.01 (0.72e1.46)

Nodal surgery SLNB Ref 0.1098
ALND 1.08 (0.91e1.43)

ER/PR positive Negative Ref 0.35
Positive 1.13 (0.90e1.44)

HER2 positive Negative Ref <0.0001
Positive 1.80 (1.39e2.21)

Hospital level Academic Ref 0.26
Others 0.87 (0.69e1.12)

HR, hazard ratio; CI, confidence interval; PMRT, postmastectomy radiation therapy; T, tumor; N, nodal; NACT, neoadjuvant chemotherapy; ER, estrogen receptor; PR, pro-
gesterone receptor; HER2, human epidermal growth factor receptor 2; ALND, axillary lymph node dissection; SLNB, sentinel lymph node biopsy; CCI, Charlson comorbidity
index; AJCC, American Joint Committee on Cancer; ypT, postchemotherapy pathologic tumor stages; ypN, postchemotherapy pathologic nodal stages.
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showed that ER/PR negative, CCI �2, or poor tumor differentiation
are poor prognostic factors for OS in patients with breast cancer
receiving NACT and TM (Table 2). In addition, poor differentiation
and HER2 positive status are poor prognostic factors for LRR
(Table 3), and our outcomes were similar to those of previous
studies in different treatments for breast cancer [41,44]. Moreover,
poor differentiation and HER2 positive status were high risk factors
for DM (Table 4), and our findings were compatible with those of
other studies in different treatments for breast cancer [42,45]. Thus,
poor differentiation was a poor prognostic factor for OS, LRR, and
DM; HER2 positive was a poor prognostic factor for LRR and DM;
and CCI �2 and ER/PR positive were poor prognostic factors for OS.
Furthermore, our study showed that not only were clinical stages,
pathologic stages, ypT, and ypN significant factors for survival but
also poor differentiation, CCI �2, and HER2 positive status were
poor prognostic factors for survival (Tables 2e4).

According toTables 2e4, pathologic stages are significant factors
for PMRT in patients with breast cancer receiving NACTand TM. The
effects of PMRT on OS, LRR-free survival, and distant metastasis-
free survival in multivariable Cox regression analysis for patients
who received NACT and TM with or without PMRT were analyzed
(Figs. 1 and 2 and Supplemental Figure 1). After the adjustment of
all predictors mentioned in Table 2, PMRT was found to be superior
for OS in patients with breast cancer receiving NACT and TM with
ypT3e4, ypN1e3, and pathologic AJCC stages IIIAeIIIC compared
with the No-PMRT group. Our findings suggest that PMRT might be
necessary for patients with breast cancer receiving NACT and TM
with ypT3e4, ypN2e3, or pathologic stages IIIAeIIIIC. Thus, PMRT
is not required for patients with breast cancer receiving NACT and
TM with pCR, early pathologic stages IAeIIB, ypT0e2, or ypN0e1
regardless of clinical stages or other predictors (Fig. 1). Moreover,
PMRT is significantly superior for LRR-free survival in patients with
breast cancer receiving NACTand TMwith pCR, ypT0e4, or ypN0e3
(Fig. 2). Our findings were compatible with some retrospective
studies, indicating that PMRT is beneficial for lowering LRR irre-
spective of the pathologic response [32e38]. In addition, PMRT is
not significant for the reduction of DM risk in patients with breast
cancer receiving NACT and TM (Supplemental Figure 1). Our find-
ings suggest that PMRT associated with improved OS should be a
necessary factor for ypT3e4, ypN2e3, or pathologic stage IIIAeIIIC
patients with breast cancer receiving NACT and TM regardless of
clinical stages. PMRT could improve LRR-free survival, even pCR, in
patients with breast cancer receiving NACT and TM compared with
No-PMRT (Fig. 2).

The strength of our study is that it is the largest cohort study in
Taiwan to estimate the detailed outcomes of PMRT for patients with
breast cancer, including OS, LRR, and DM, depending on the path-
ologic response of ypT, ypN, or pathologic stages. The PMRT treat-
ment and NACT regimens were relatively homogenous in our study.
Scarce studies have estimated the effects of PMRT for detailed
outcomes of OS, LRR, and DM in patients with breast cancer
receiving NACT and TM and adjustment of all predictors including
clinical stages. In our study, poor prognostic factors for OS in these
patients were no PMRT, advanced clinical stages IIIeIV before NACT,



Fig. 1. Impact of PMRT on overall survival in multivariate Cox regression analysis for patients who received total mastectomy with or without PMRT. Adjusted hazard ratio: All
variables presented in Table 2 were used in the multivariate analysis. HR, hazard ratio; CI, confidence interval; PMRT, postmastectomy radiation therapy; T, tumor; N, nodal.
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poor differentiation, ypT1e4, ypN1e3, CCI �2, ER/PR negative, and
HER2 positive status (Table 2). Multivariate Cox regression analysis
for patients who received NACT and TM with or without PMRT
revealed that PMRT led to superior OS in ypT3e4, yN1e3, or stage
IIIAeIIIC irrespective of clinical stages and other predictors (Fig. 1).
Our study is the first to estimate the OS, LRR, and DM of PMRT for
patients with breast cancer receiving NACT and TM with different
ypT, ypN, and overall AJCC pathological stages. The beneficial ef-
fects of PMRT were improved OS and LRR-free survival compared
with the No-PMRT group based on the multivariate analysis.

This study has some limitations. First, because all patients with
breast IDC were Asian, the corresponding ethnic susceptibility
compared with non-Asian populations remains unclear; hence, our
results should be cautiously extrapolated to non-Asian populations.
However, no evidence demonstrates the differences in outcomes of
PMRT for patients with breast cancer receiving NACT and TM be-
tween Asian and non-Asian populations. Second, the diagnoses of
all comorbid conditions were based on ICD-9-CM codes. Never-
theless, the Taiwan Cancer Registry Administration randomly re-
views charts and interviews patients to verify the accuracy of the
diagnoses, and hospitals with outlier chargers or practices may be
audited and subsequently heavily penalized if malpractice or dis-
crepancies are identified. Third, to prevent the creation of several
subgroups, various neoadjuvant treatments were not categorized
separately during the analyses. Thus, the effects of different neo-
adjuvant treatments remain unclear. Fourth, the selection bias in
the study were patients in the PMRT group had higher CCI scores
than did those in the No-PMRT group. However, there were more
patients with advanced stages or high CCI scores in the PMRTgroup
compared with in the No-PMRT group, OS was superior in the
PMRT group compared with the No-PMRT group. The survival
benefits of OS in the PMRT group were only underestimated and
null to the hypothesis. PMRT leads to improved OS and LRR, and the
conclusions could not be overturned. Accordingly, to obtain crucial
information on population specificity and disease occurrence, a
large-scale randomized trial comparing carefully selected patients
undergoing suitable treatments is essential. Finally, the TCRD does
not contain information regarding dietary habits, socioeconomic
status, or body mass index, all of which may be risk factors for
mortality. However, considering the magnitude and statistical sig-
nificance of the observed effects in this study, these limitations are
unlikely to affect the conclusions.
5. Conclusions

In patients with breast cancer type ypT3e4, ypN2e3, or path-
ologic stage IIIAeIIIC receiving NACT and TM, benefit from PMRT if
it is associated with improved OS. Compared with No-PMRT, PMRT
improved LRR-free survival, even pCR, in patients with breast
cancer receiving NACT and TM.
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Fig. 2. Impact of PMRT on locoregional recurrence-free survival in multivariate Cox regression analysis for patients who received total mastectomy with or without PMRT. Adjusted
hazard ratio: All variables presented in Table 2 were used in the multivariate analysis. HR, hazard ratio; CI, confidence interval; PMRT, postmastectomy radiation therapy; T, tumor;
N, nodal.
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Condensed abstract

No large-scale study has estimated detailed outcome patterns of
postmastectomy radiation therapy (PMRT) stratified based on
postchemotherapy pathologic tumor or nodal stages (ypT and ypN,
respectively) for overall survival (OS), locoregional recurrence, or
distant metastasis in patients with breast cancer receiving neo-
adjuvant chemotherapy (NACT) and total mastectomy (TM). We
used pathologic indicators to determine which patients benefit
from PMRT for breast cancer after NACT and TM. For patients with
breast cancer ypT3e4, ypN2e3, or pathologic stages IIIAeIIIC
receiving NACT and TM, PMRT should be performed if it is associ-
ated with OS benefits, regardless of their clinical stages. Compared
with No-PMRT, PMRT improved locoregional recurrence-free sur-
vival and even pathological complete response in patients with
breast cancer receiving NACT and TM.
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