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Background: This study investigated the effect of postmastectomy radiotherapy (PMRT) in
patients with stage II–III triple-negative breast cancer (TNBC) after neoadjuvant chemotherapy
(NAC) and modified radical mastectomy (MRM).
Patients and methods: A total of 104 women with stage II–III TNBC who received NAC
and MRM at our institution between January 2000 and July 2007 were identified. Patients were
divided into 2 groups (PMRT and non-PMRT) for statistical analysis.
Results: The median follow-up time was 64 months (range 12–123 months). The 5 year
cumulative locoregional recurrence (LRR) and disease recurrence (DR) rates were 26.5% and
49.6%, respectively. Despite their more adverse prognostic features, patients with PMRT had
lower 5 year cumulative LRR and DR rates than those without PMRT (LRR: 18.3% vs 52.2%,
respectively, p=0.0005; DR: 45% vs 69.1%, p=0.0334, respectively). On multivariate analysis of
the entire study cohort, forgoing PMRT was significantly associated with developing LRR and
DR. Subset analysis revealed that PMRT significantly reduced the 5 year LRR rate in patients
with pre-chemotherapy clinical stages IIA (8.3% vs 46.2%, p=0.019) and IIIA (16% vs 66.7%,
p=0.003). PMRT also significantly reduced the 5 year DR rate in patients with pre-chemotherapy
clinical stage IIA (24.5% vs 69.3%, p=0.0151) and IIIB (70.8% vs 100%, p=0.0481).
Conclusion: In our cohort of patients with TNBC treated with NAC and MRM, PMRT significantly improved locoregional control and disease-free survival in the entire cohort as well as in
patients with stage IIA disease. Our results may help in tailoring adjuvant treatment decisions
for these particular patient populations.
Keywords: triple-negative breast carcinoma, neoadjuvant chemotherapy, surgery, adjuvant
radiation therapy, locoregional recurrence, disease recurrence
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Patients with triple-negative breast cancer (TNBC), defined as a breast malignancy
that lacks estrogen receptor (ER), progesterone receptor (PR), and human epidermal
growth factor receptor-2 (HER2) expression, are documented to have higher risks of
locoregional recurrence (LRR) and distant metastasis (DM), as well as shorter overall
survival (OS), than those with other breast cancer subsets. The lack of effective targeted treatments and its aggressive course make TNBC a notable clinical challenge.1,2
Nevertheless, TNBCs have been shown to be chemosensitive in previous studies.3,4
Large randomized trials and meta-analyses have demonstrated the benefit of
postmastectomy radiotherapy (PMRT) in terms of locoregional control (LRC) as
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well as OS in high-risk breast cancer patients.5–7 Based on
these studies, PMRT administration criteria were largely
determined according to traditional T and N stages, including
initial surgery followed by adjuvant chemotherapy, without
considering the molecular heterogeneity of breast cancers.8,9
However, the use of neoadjuvant therapy has become increasingly common, particularly for treating locally advanced
disease. Notably, patients experience significant changes
in the extent of their disease following neoadjuvant chemotherapy (NAC), which reduces the applicability of traditional
pathological guidelines for PMRT. Therefore, patients are
generally selected for PMRT according to their clinical stage
before NAC administration. However, consensus guidelines
have not been established regarding the use of PMRT after
NAC. With the increasing popularity of NAC as a standard
treatment for large subsets of patients with breast cancer,
data concerning the risk of LRR and the efficacy of PMRT
in the described setting are urgently needed.
Data specific to TNBCs treated with NAC are more
limited. Although previous studies have shown that TNBCs
are more likely to respond to NAC, they are associated with
inferior LRR as well as other adverse prognoses.10,11 On the
other hand, including PMRT in the treatment of high-risk
breast cancer, particularly stage III disease, has been shown
to produce superior outcomes, including in pathological
complete response (pCR) rates.12 However, there are few
published studies on the risk of LRR following PMRT in
patients with TNBCs treated with NAC.
The purpose of this study was to evaluate variables associated with LRR and disease recurrence (DR) in patients with
TNBC, and to examine the effect of PMRT in such patients
with stage II–III disease after they have already undergone
NAC and mastectomy.

Patients and methods
Patient population
Between January 1, 2000 and July 31, 2007, a total of 104
women with stage II–III TNBC who underwent NAC and
modified radical mastectomy (MRM) were identified at our
institution. This study was approved by the Institutional
Review Board of Fudan University Shanghai Cancer Center,
and written informed consent was obtained from each patient.
The definition of TNBC was based on immunohistochemistry
(IHC) staining of ER, PR, and HER2, which was routinely
performed in the pathology department of our hospital as
previously described.13 Patients were categorized as negative for ER and PR if nuclear staining for these receptors
was 1%, whereas patients were considered HER2 negative
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if their IHC scores for this receptor were 0–2+ and no HER2
amplification was observed by fluorescent in situ hybridization. The clinical evaluation of tumor response to NAC was
determined clinically according to the Response Evaluation
Criteria in Solid Tumors.14 pCR was defined as no evidence
of residual invasive disease within either the breast or axillary lymph nodes (LNs). All patients’ clinicopathological
data were recorded in a computerized database at accrual;
data included age, menopausal status, tumor characteristics,
treatment, and outcome. Patients with DM at diagnosis or
those with less than 1 month of follow-up were excluded.

Treatment
All patients were clinically staged at diagnosis according
to the 2003 American Joint Committee on Cancer (AJCC)
staging guidelines before and after undergoing NAC. NAC
regimens were chosen at the discretion of the oncologist;
93 patients (89.4%) received an anthracycline-based regimen.
All patients underwent MRM including level I–II axillary
dissection. The median number of excised axillary LNs was
14 (range 1–38). The decision to administer PMRT was
taken by the patients and their physicians. The radiotherapy
protocol for breast cancer was developed circa the year 2000
based on our experiences in conjunction with evidencebased international guidelines; the institutional review
board approved our protocol for the individual treatment of
patients with breast cancer. At the discretion of the radiation oncologist, PMRT was delivered to 79 patients (76%),
using external-beam irradiation with 46–50 Gy in 1.8–2.0 Gy
fractions to the chest wall and/or regional nodal areas that
generally included the internal mammary and supraclavicular
regions. The axillary nodes were not routinely included in
the PMRT field. The chest wall was treated with opposed
tangential beams using cobalt-60 or 4–6 MeV photons. The
regional nodal area was treated with an anterior photon field
with a design matched to the tangential fields.

Endpoints
Regular follow-up was performed, including clinical and/or
telephone follow-up by surgeons, radiation oncologists, or
nurses. Patients were followed every 3 months during the
first 2 years, and every 6 months thereafter. All patients’
information was recorded in a computerized database at
accrual and included clinicopathological details. The primary
endpoint of this study was LRR, defined as any clinical and/or
biopsy-proven tumor recurrence involving the ipsilateral
chest wall and/or the axillary, supraclavicular, intraclavicular,
or internal mammary nodes. All LRR events were recorded
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regardless of their concurrence with DM. The secondary endpoints were DR, defined as either locoregional and/or distant
recurrence, or death during follow-up. Both locoregionalrecurrence free survival (LRFS) and disease-free survival
(DFS) were calculated from the date of surgery to the date
of event occurrence. In the absence of such events, patients
were censored as of the final follow-up date.

Statistical analysis
Patients were divided into 2 groups for statistical analysis
based on whether or not they received PMRT. Comparisons
of tumor and treatment characteristics between the PMRT
and non-PMRT groups were performed using chi-square
and Fisher’s exact tests. The Fisher’s exact test was used
when the cell counts were too low to perform chi-square
tests. The 5 year cumulative LRR and DR rates were calculated using the Kaplan–Meier method, and comparisons
between the 2 groups were performed using the log-rank
test. Multivariate analysis was performed using the Cox
proportional hazards model, testing only those factors that
were found to be significant on univariate analysis. All
statistical analyses were performed using STATA version
11.0 (Stata Corporation, College Station, TX, USA). All
p-values were 2-sided, and a value of p0.05 was considered statistically significant.

Results
Patient characteristics
The median follow-up times for the entire cohort and for the
irradiated-only and non-irradiated patients were 64 (range
12–123), 65 (range 12–112), and 60 (range 12–123) months,
respectively. Comparisons of the key characteristics between
the PMRT and non-PMRT groups are shown in Table 1.
Patients in the PMRT group had significantly more advanced
pre-chemotherapy clinical T stage, pathological N stage, and
AJCC clinical stage than those in the non-PMRT group (all
p0.05) (Table 1). There were no differences between the
2 groups with respect to age, clinical N stage, pathological
tumor size, lymphovascular invasion (LVI) status, or grade
histology (all p0.05) (Table 1). Among the 79 patients
(76%) who received PMRT, 1 (1.27%) received treatment
directed to the chest wall only, 64 (81.01%) to the chest wall
as well as the regional nodal areas, and 14 (17.72%) to the
regional nodal areas only.

LRR
At the last follow-up visit, 25 patients (24%) had developed
LRR with a 5 year cumulative rate of 26.5%. Seven patients
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(6.7%) with pre-chemotherapy clinical stage IIA, IIB, or IIIB
achieved pCR after NAC; none developed LRR. Despite
exhibiting more adverse prognostic features, patients who
underwent PMRT had a lower 5 year cumulative LRR rate
than those who did not undergo PMRT (18.3% vs 52.2%,
respectively, p=0.0005) (Figure 1A). Table 2 shows the effect
of PMRT on the LRR rates according to various patient
parameters. Patients with clinical T2–T3 tumors and those
with clinical N-positive disease who underwent PMRT had
significantly lower LRR than same-category patients who
did not (all p0.05). With respect to pathological features,
PMRT reduced LRR in patients with T2 stage, as well as
those with N0 or N2 (all p0.05). Patients with clinical
stage IIA or IIIA had a significantly lower 5 year LRR rate
if their treatment included PMRT than if it did not (IIA:
8.3% vs 46.2%, respectively, p=0.019; IIIA: 16% vs 66.7%,
respectively, p=0.003).
Univariate analysis of LRR showed that lack of PMRT,
poorer clinical tumor response to NAC, pathological tumor
size 3 cm, LVI positivity, and grade III disease were associated with a higher risk of LRR (all p0.05). On multivariate
analysis of LRR, forgoing PMRT was the most powerful
significant predictor of LRR, with an HR of 3.97 (95% CI
1.7–9.3; p=0.001) (Table 3). LVI positivity was another
significant factor predicting LRR development (95% CI
1.55–8.84; p=0.003) (Table 3).

DR
Fifty-two patients in the cohort (50%) developed DR, and
the 5 year accumulative DR rate was 49.6%. Despite their
more adverse prognostic features, patients with PMRT had
a lower 5 year cumulative DR rate than those who did not
undergo PMRT (45% vs 69.1%, respectively, p=0.0334)
(Figure 1B). Analysis of various patient parameters revealed
that PMRT significantly reduced DR in patients with prechemotherapy clinical T3–T4 stage and clinical N-negative
disease. As for pathological features, PMRT reduced DR for
patients with pathological T2–T3, and pN2 (all p0.05). For
patients with clinical stage IIA or IIIB, the 5 year DR rate
was significantly lower for patients treated with PMRT than
for those who were not (IIA: 24.5% vs 69.3%, respectively,
p=0.0151; IIIB: 70.8% vs 100%, respectively, p=0.0481)
(Table 2).
On univariate analysis for DR, no PMRT, clinical non-response, pathological T 5 cm, LVI positivity, grade 3 histology,
pathological lymph nodes (LN) 4, and 25% positive LNs were
associated with increased DR (all p0.05). Multivariate analysis revealed that no PMRT, LVI positivity, and 25% positive
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Characteristics
Age (years)
50
50
Pre-chemotherapy clinical stage
IIA
IIB
IIIA
IIIB
IIIC
Pre-chemotherapy clinical T stage
T0–T2
T3–T4
Pre-chemotherapy clinical N stage
N0
N1
N2
N3
Clinical tumor response 1
CR
PR
SD
PD
Unknown
Clinical tumor response 2
Objective response
No response
Pathological tumor size (cm)
0
0.1–2.0
2.1–5.0
5.0
Unknown
Pathological response
pCR
Non-pCR
Histology
Ductal
Non-ductal
LVI
Yes
No
Unknown
Grade
I–II
III
Unknown
Pathological LN status
0
pN+
Percentage of LNs
30
30
No. of LNs examined
16
16
Unknown

All (n=104)

PMRT (n=79)

Non-PMRT (n=25)

62 (59.6)
42 (40.4)

50 (63.3)
29 (36.7)

12 (48.0)
13 (52.0)

27 (26.0)
23 (22.1)
29 (27.9)
20 (19.2)
5 (4.8)

14 (17.7)
20 (25.3)
23 (29.1)
17 (21.5)
5 (6.3)

13 (52.0)
3 (12.0)
6 (24.0)
3 (12)
0 (0)

47 (45.2)
57 (54.8)

31 (39.2)
48 (60.8)

16 (64.0)
9 (36.0)

37 (35.6)
54 (51.9)
7 (6.7)
6 (5.8)

25 (31.6)
43 (54.4)
6 (7.6)
5 (6.3)

12 (48.0)
11 (44.0)
1 (4.0)
1 (4.0)

14 (13.5)
39 (37.5)
48 (46.2)
2 (1.9)
1 (0.9)

11 (13.9)
33 (41.8)
34 (43.0)
0 (0)
1 (1.3)

3 (12.0)
6 (24.0)
14 (56.0)
2 (8.0)
0 (0)

53 (51.0)
50 (48.1)

44 (55.7)
34 (43.0)

9 (36.0)
16 (64.0)

22 (21.2)
21 (20.2)
42 (40.4)
18 (17.3)
1 (0.9)

17 (21.5)
17 (21.5)
32 (40.5)
12 (15.2)
1 (1.3)

5 (20.0)
4 (16.0)
10 (40.0)
6 (24.0)
0 (0)

5 (4.8)
99 (95.2)

2 (2.5)
77 (97.5)

3 (12.0)
22 (78.0)

93 (89.4)
11 (10.6)

69 (87.3)
10 (12.7)

24 (96.0)
1 (4.0)

26 (25.0)
62 (59.6)
16 (15.4)

21 (26.6)
42 (53.2)

5 (20.0)
20 (80.0)

60 (57.7)
29 (27.9)
15 (14.4)

46 (58.2)
20 (25.3)

14 (56.0)
9 (44.0)

29 (27.9)
75 (72.1)

17 (21.5)
62 (78.5)

12 (48.0)
13 (52.0)

63 (60.6)
41 (39.4)

44 (55.7)
35 (44.3)

19 (76.0)
6 (24.0)

51 (49.0)
43 (41.3)
10 (9.6)

36 (45.6)
37 (46.8)

15 (60.0)
6 (24.0)

p-value
0.174

0.012

0.030

0.499

0.062

0.076

0.831

0.054

0.22

0.216

0.437

0.01

0.070

0.073

Note: Data are presented as numbers, with percentages in parentheses.
Abbreviations: TNBC, triple-negative breast cancer; PMRT, postmastectomy radiation therapy; CR, complete response; PR, partial response; SD, stable disease;
PD, progressive disease; pCR, pathological complete response; LVI, lymphovascular invasion; LN, lymph node; pN, pathological node.
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Figure 1 Kaplan–Meier probability curves of (A) locoregional recurrence and (B) disease recurrence according to the use of postmastectomy radiation therapy (RT) in the
entire cohort.

LNs were independent significant prognostic factors for
DR (PMRT: 95% CI 1.94–10.36; p=0.000; LVI; 95% CI
1.10–5.90; p=0.028; 25% positive LN; 95% CI 2.43–135.31;
p=0.005) (Table 4).

Discussion
Ours is the first large-scale single-institution study to investigate the efficacy of PMRT in patients with locally advanced
TNBC who were treated with NAC in terms of LRR and DR.

Table 2 Five-year cumulative rates of LRR and DR according to clinical and pathological disease status
Characteristics

5 year LRR rate
PMRT (%)

5 year DR rate
Non-PMRT (%)

p-value

PMRT (%)

Non-PMRT (%)

p-value

52.19

0.0005

44.96

69.14

0.0334

46.15
33.33
66.67
100

0.0190
0.2871
0.0028
0.4601

24.48
50.91
35.33
70.86

69.23
33.33
66.67
100

0.0151
0.6487
0.1731
0.0481

50
35.71
83.33
100

0.3173
0.0422
0.0000
0.4753

0
48.09
37.14
60.5

50
50
83.33
100

0.3173
0.4260
0.0154
0.0603

50
50
100

0.0053
0.0222
0.3365

34.08
43.67
72.73

66.67
54.55
100

0.0076
0.5647
0.3232

13.7
20.78

50
54.55

0.0053
0.0287

34.08
49.91

66.67
61.54

0.0076
0.4689

Pathological tumor size (cm)
0
21.87
0.1–2.0
12.61
0–2
16.82
2.1–5.0
16.41
25.93
5.0

0
50
22.22
70
73.33

0.2045
0.0754
0.7506
0.0002
0.1479

56.86
23.53
39.36
43.57
58.33

20
50
33.33
70
100

0.1667
0.2076
0.8077
0.0424
0.0097

No. of positive nodes
0
1–3
4–9
10

41.67
37.5
75
100

0.0203
0.4184
0.0014
0.0622

11.76
47.06
53.95
63.89

41.67
66.67
100
100

0.0559
0.2164
0.0132
0.1088

Entire cohort
18.34
Pre-chemotherapy clinical stage
IIA
8.33
IIB
10.84
IIIA
16.00
46.54
IIIB
Pre-chemotherapy clinical T stage
T0–T1
0
T2
12.89
T3
19.07
T4
27.08
Pre-chemotherapy clinical N stage
N0
13.7
N1
17.24
N2–N3
35.06
N0 vs N+
N0
N+

7.69
18.87
21.52
25.33

Abbreviations: LRR, locoregional recurrence; DR, disease recurrence; PMRT, postmastectomy radiation therapy.
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Table 3 Multivariate analysis of LRR probabilities for the entire
cohort
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Variables

LRR

PMRT (no vs yes)
Clinical tumor response (NR vs OR)
Pathological tumor size (3 cm vs 3 cm)
LVI status (positive vs negative)
Grade (III vs I/II)

p-value

HR

95% CI

0.001
0.596
0.176
0.003
0.145

3.97
0.74
2.04
3.70
2.01

1.69–9.30
0.24–2.23
0.72–5.74
1.55–8.84
0.78–5.13

Abbreviations: LRR, locoregional recurrence; PMRT, postmastectomy radiation
therapy; NR, no response; OR, objective response; LVI, lymphovascular invasion.

Our data indicate that adding PMRT to NAC and MRM
produces a significant reduction of LRR and DR in patients
with stage II–III TNBC. When patients with pre-NAC clinical
stage IIA disease were analyzed separately, the improvement in LRFS and DFS owing to PMRT inclusion remained
statistically significant. Our findings support recommending
PMRT in this group of patients, and should be considered
regardless of their response to initial chemotherapy.
Triple-negative status has previously been reported as a
predictor of worse outcome in patients with breast cancer.15–17
Although several studies revealed that the pCR rates in
patients with TNBC were significantly higher than those
in patients with non-TNBC, TNBC patients were reported
to have significantly poorer LRFS, DFS, and OS rates than
those with luminal subtypes in the setting of NAC; this was
attributed to a higher likelihood of relapse in patients who
did not achieve pCR.18
Randomized controlled trials and meta-analyses of
patients with breast cancer encompassing all molecular subtypes have demonstrated that substantial improvements in
LRC could translate into longer OS by including PMRT for
patients at high risk of LRR.5–7 Accordingly, current guidelines recommend the use of PMRT in patients with 4 or more
positive LNs or T3/T4 disease.8,9 However, the indications
for PMRT remain unclear and controversial in patients with
Table 4 Multivariate analysis of DR probabilities for the entire
cohort
Variables

DR

PMRT (no vs yes)
Clinical tumor response (NR vs OR)
Pathological tumor size (5 cm vs 5 cm)
LVI status (positive vs negative)
Grade (III vs I/II)
Pathological LNs (4 N+ vs 1–3 N+)
Percentage of LNs (25% vs 25%)

p-value HR

95% CI

0.000
0.423
0.312
0.028
0.078
0.056
0.005

1.94–10.36
0.54–4.18
0.62–4.41
1.10–5.90
0.91–5.05
0.01–1.05
2.43–135.31

4.48
1.51
1.65
2.55
2.15
0.14
18.14

Abbreviations: DR, disease recurrence; PMRT, postmastectomy radiation
therapy; NR, no response; OR, objective response; LVI, lymphovascular invasion;
LN, lymph node.
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less advanced disease, including those with smaller primary
tumors and 1–3 positive LNs, for whom PMRT is thought
to be of little benefit. Notably, the large trials that enrolled
patients with all molecular subtypes were performed in the
setting of initial surgery followed by systemic therapy; therefore, there is insufficient evidence to recommend PMRT for
patients with potentially high-risk features such as TNBC,
and recommendations regarding patients who receive NAC
are also not concretely established.
Our results suggest that TNBC patients with stage II–III
disease have a significantly improved LRC and DFS when
PMRT is included in their treatment plans. The 5 year LRR
rate was reduced by two-thirds (18.3% vs 52.2% with and
without PMRT, respectively) and the 5 year DR rate by almost
25% (45.0% vs 69.1% with and without PMRT, respectively).
When analyzed separately, those with clinical stage IIA disease continued to derive a significant benefit in both LRFS and
DFS from the use of PMRT. Our data are in relative agreement with an analysis by Abdulkarim et al,19 who stratified
their patients according to locoregional management (breastconserving therapy, MRM without PMRT, and MRM with
PMRT) and found that the highest LRR rates were in patients
who underwent MRM without PMRT. Furthermore, MRM
without PMRT was found to be the only independent adverse
prognostic factor associated with increased LRR in patients
with T1–2N0 TNBC compared to breast-conserving therapy.
On the other hand, we also found that PMRT improved LRFS
and DFS in TNBC patients with pre-chemotherapy clinical
stage IIA disease; this was not observed in a study of similarly
treated patients with all molecular breast cancer subtypes.20
Our results, taken together with those of Abdulkarim et al,
indicate that T and N stage may be insufficient for predicting LRR risk in all patients with TNBC (compared to other
molecular subtypes) when considering adjuvant radiation
therapy, and suggest that TNBC might be a powerful prognostic factor when considering the benefit of PMRT in patients
with less advanced disease treated with NAC and MRM.
However, our findings should be interpreted with caution
owing to the study’s small sample size. Prospective studies
are required to validate our findings.
A previous study demonstrated that PMRT confers LRC
and a survival benefit in patients presenting with stage III–IV
disease following NAC and MRM,20 a finding consistent with
our own observations in terms of improved LRR in the setting
of PMRT after MRM and NAC, although we did not find that
PMRT provides any DFS benefit. This may be explained as
follows: First, the small number of patients and their imbalance in the 2 groups limited the statistical significance and
power of the data obtained. Second, it is generally assumed
OncoTargets and Therapy 2018:11
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that PMRT can improve LRC and reduce the risk of secondary
dissemination from residual locoregional tumor deposits.21
However, patients who would potentially achieve additional
survival benefits are those without micrometastatic disease
at presentation or with micrometastatic disease effectively
treated by systemic therapy.22 Therefore, it can be posited that
TNBC patients with stage III disease are more likely to harbor
a systemic subclinical disease burden, making any improvements in LRC following PMRT less likely to translate into
survival benefits. Finally, the TNBC-specific characteristics
themselves may play a role, as previous studies revealed
that TNBC has a predilection for DM,17,23 even at relatively
early stages of the disease. The competing risk of DM very
probably limits the translatability of improved LRC following PMRT into a survival benefit. Clearly, more data from
clinical trials are needed to guide treatment recommendations regarding this group of patients.
Our study also found that the 7 patients with prechemotherapy clinical stage II–IIIA breast cancer who
achieved pCR had excellence prognoses; only 1 had DM but
none experienced LRR. This result corroborates previous
findings that patients who achieve a pCR have remarkably
good prognoses compared to those who have residual disease
after NAC.4,18,24 Although the sample size of this subgroup was
small and did not provide sufficient statistical power to test the
impact of PMRT, it is notable that none of the 3 patients who
received PMRT relapsed. This result may in part reflect the
positive benefit of PMRT in this subset of patients with TNBC,
a finding also reported in a previous study of patients with
various molecular subtypes of breast cancer, demonstrating
that PMRT provides a significant clinical benefit for patients
who achieve a pCR after NAC.12 Nevertheless, additional
studies are required to clarify the role of PMRT restricted to
TNBC patients who achieve pCR after NAC and MRM.
On our multivariate analysis, LVI-positive status was
found to be significantly associated with an increased risk
of both LRR and DR. As a precursor to nodal involvement, LVI status has been reported to have an independent
prognostic value for survival in patients with invasive
breast cancer.25,26 Our study confirms this relationship after
separately analyzing TNBC patients in the NAC setting.
The other variable found to be associated with higher DR
was pathological $25% N-positive status; otherwise, other
factors that were previously reported to be prognostic (such
as young age, increased tumor size, and high nuclear grade)
did not significantly influence LRR or DR according to our
multivariate analysis. This may be attributable to the changes
in disease extent after NAC administration as well as the
TNBC-specific phenotypes observed in the present study.
OncoTargets and Therapy 2018:11
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Limitations
There were certain limitations in this study. First, it was prone
to selective bias toward particular patients and treatments
owing to its retrospective design. Although we endeavored to
mitigate several risk variables by controlling them in the multivariate model, it is possible that other unmeasured confounders
that we did not consider may have influenced our results in
part. Second, since the majority of patients with HER2 IHC
scores of 2+ (n=21) could not be reevaluated with fluorescent
in situ hybridization, some patients may potentially have been
misclassified as triple-negative, which could skew our findings. Finally, a larger sample size and longer follow-up period
may validate our findings and better define the subgroups of
patients most likely to benefit from PMRT. Nevertheless, our
study evaluated the LRR and DR risks exclusively in TNBC
patients treated with NAC and MRM, a population in which
data regarding outcomes following PMRT are scarce, and
provides evidence confirming the benefit of PMRT in selected
patients within this specific population.

Conclusion
In this population-based study of patients with stage II–III
TNBC treated with NAC and MRM, patients who underwent
PMRT were found to have significantly lower LRR and
DR rates despite possessing significantly worse prognostic
factors. The addition of PMRT to the treatment protocol was
associated with decreased LRR and DR rates in the entire
cohort as well as in pre-chemotherapy clinical stage IIA
patients. Our results may help in tailoring adjuvant treatment
decisions in these specific patient populations. Our study
was limited by its small sample size, and our findings should
therefore be validated in a larger, multi-institutional study.
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