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Abstract

Background: Neoadjuvant chemotherapy (NAC) has been the standard treatment for locally advanced breast cancer
for the purpose of downstaging or for conversion from mastectomy to breast conservation surgery (BCS). Locore-
gional recurrence (LRR) rate is still high after NAC. The aim of this study was to determine predictive factors for LRR in
breast cancer patients in association with the operation types after NAC.

Methods: Between 2005 and 2017, 1047 breast cancer patients underwent BCS or mastectomy after NAC in Chang
Gung Memorial Hospital, Linkou. We obtained data regarding patient and tumor characteristics, chemotherapy
regimens, clinical tumor response, tumor subtypes and pathological complete response (pCR), type of surgery, and
recurrence.

Results: The median follow-up time was 59.2 months (range 3.13-186.75 months). The mean initial tumor size was
4.89 cm (SD£2.95 cm). Of the 1047 NAC patients, 232 (22.2%) achieved pCR. The BCS and mastectomy rates were
41.3% and 58.7%, respectively. One hundred four patients developed LRR (9.9%). Comparing between patients who
underwent BCS and those who underwent mastectomy revealed no significant difference in the overall LRR rate of
the two groups, 8.8% in BCS group vs 10.7% in mastectomy group (p =0.303). Multivariate analysis indicated that
independent factors for the prediction of LRR included clinical N2 status, negative estrogen receptor (ER), and failure
to achieve pCR. In subgroups of multivariate analysis, only negative ER was the independent factor to predict LRR in
mastectomy group (p=0.025) and hormone receptor negative/human epidermal growth factor receptor 2 positive
(HR—/HER2 4) subtype (p=0.006) was an independent factor to predict LRR in BCS patients. Further investigation
according to the molecular subtype showed that following BCS, non-pCR group had significantly increased LRR
compared with the pCR group, in HR—/HER2 4 subtype (25.0% vs 8.3%, p =0.037), and HR—/HER2— subtype (20.4%
vs 0%, p=10.002).

Conclusion: Clinical N2 status, negative ER, and failure to achieve pCR after NAC were independently related to the
risk of developing LRR. Operation type did not impact on the LRR. In addition, the LRR rate was higher in non-pCR
hormone receptor-negative patients undergoing BCS comparing with pCR patients.
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breast cancer operable, NAC increases the number of
breast conservative therapy (BCS) candidates by down-
sizing locally advanced tumor [1, 2]. Hence, patients
undergoing BCS after NAC might have a more favorable
cosmetic outcome and quality of life [3].

Despite the fact that increased use of NAC has facili-
tated the treatment of breast cancer, long-term optimized
outcomes and treatment effects are concerning. In their
recently published meta-analysis on NAC and adjuvant
chemotherapy, Asselain and colleagues reported that
NAC has a higher local recurrence rate than adjuvant
chemotherapy in patients with locally advanced tumors
but no significant difference in terms of overall survival
between patients undergoing NAC and adjuvant chemo-
therapy [4]. Similar results were reported in a meta-anal-
ysis by Mauri in 2005 [5]. The frequency of BCS, defined
as lumpectomy, with whole breast irradiation, is higher
after the use of NAC compared with adjuvant chemo-
therapy after surgery [4].

The long-term survival rate among early breast cancer
women without NAC who undergo BCS was the same as
that among women who undergo radical mastectomy [6,
7]. However, several studies have demonstrated no signif-
icant difference in long-term survival or local recurrence
rates between women who underwent BCS and those
who underwent radical mastectomy after NAC [8, 9].
Although predictive factors for local recurrence in these
NAC-treated patient groups have not yet been clarified
yet, the higher local recurrence risk of NAC than of adju-
vant chemotherapy is controversial.

NAC is increasingly used in breast cancer therapy, and
clinic-pathological subtypes, such as estrogen recep-
tor positive (ER), progesterone receptor positive (PR),
and human epidermal growth factor receptor 2 positive
(HER-2), can provide prognostic information regarding
the risk of local regional recurrence after NAC. Further-
more, pathological complete response (pCR) after NAC
can significantly affect the prognosis of breast cancer [10,
11]. We would like to investigate these attributed factors
for recurrence reported in retrospective studies on NAC.
Furthermore, once the pCR-achieved status is confirmed,
the omission of mastectomy is feasible. Patients receiv-
ing NAC, in total, have higher BCS rate in literature. We
investigated these clinic-pathological attributed factors
in association with the operation types after NAC.

Methods

The study was a retrospective cohort study and was
approved by ethics committee of our institution and insti-
tutional review board number was 1711150042. Female
patients diagnosed with histologically proven unilateral
invasive breast cancer who received neo-adjuvant chem-
otherapy (NAC) and underwent mastectomy or breast
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conserving surgery at Chang Gung Memorial Hospital,
Linkou, between 2005 and 2017 were enrolled. Exclusion
criteria were inflammatory cancer, the initial presence
of distant metastasis, synchronous bilateral breast can-
cer, loss of clinical information, and patients who did not
undergo surgery after NAT either due to loss of follow
up or due to progression development of metastasis after
NAT. Clinical staging was determined through physi-
cal examination, mammography, ultrasonography of the
breast and axillary lymph nodes, a bone scan, and a whole
body computed tomography (CT) scan. Histological
Diagnosis was confirmed by the specimen of core needle
biopsy and abnormal axillary lymph node was routinely
evaluated by fine needle aspiration. Clinical informa-
tion including age, tumor histology, molecular subtype,
TNM stage, Scarft-Bloom-Richardson (SBR) grade, NAC
regimens, post-NAC response status, operation type, and
locoregional recurrence were collected. Chemotherapy
regimens included anthracycline-based and taxane-based
regimens and the target therapy for HER2 contained tras-
tuzumab and pertuzumab for some patients. Dose modi-
fications were based on blood cell counts and adverse
events. Preoperative radiological evaluation included
breast ultrasonography and mammography. The range of
resection would be decided as original tumor size while
the scattered distribution of the tumor was observed after
response of the treatment; the range of resection would
be the new tumor size while concentric response after
NAC according to the guideline of our institution. Oper-
ation including mastectomy or BCS and axillary sentinel
lymph node biopsies or axillary lymph node dissections
according to clinical posttreatment evaluation were per-
formed 2—4 weeks after NAC was completed. The indica-
tion for postoperative radiotherapy included all patients
after BCS and the patients receiving mastectomy with
initial T3 stage (tumor size>5 cm) and initial N2 stage
or residual positive lymph node after NAC. Almost all
patients received postoperative adjuvant therapy, includ-
ing hormone therapy, chemotherapy, and target therapy,
according to their clinicopathological factors. Analysis of
estrogen receptor, progesterone receptor, HER2 expres-
sion and the definition of pCR were described below. The
analysis was performed using immunohistochemistry
(IHC) staining techniques on pretreatment core needle
biopsy specimens. For ER and PR, the positivity in> 1% of
tumor cells was defined as expression. Hormone recep-
tor (HR) positive was defined as ER or PR positive while
HR negative was categorized as both negative ER and PR.
The definition of positive HER2 was IHC staining with a
score of 3+ or a positive fluorescence in situ hybridiza-
tion (FISH) test with IHC staining with a score of 24-.
PCR was defined as no residual invasive cancer cells in
the breast and axillary lymph nodes (ypT0/ypTisNO). LRR
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was defined as ipsilateral breast tumor recurrence includ-
ing invasive carcinoma and carcinoma in situ, chest wall
or skin recurrence, and ipsilateral regional lymph node
recurrence including the axilla, internal mammary and
supraclavicular region.

Statistical analysis

Numerical data were compared using a Student’s t-test
and presented as the mean + standard deviation (SD) and
a two-tailed p-value <0.05 was considered to be statisti-
cally significant. Pearson’s chi-squared test for determin-
ing whether measurements from different groups are
independent (the expected value in each cell is greater
than 5), if an expected number is less than 5- >use Fish-
er’s exact test of independence. To compare proportions
of a categorical outcome according to different independ-
ent groups, we use the chi-squared test or Fisher’s exact
test when appropriate. A log-rank test and the Kaplan—
Meier method were used for survival analysis. For multi-
variate analysis of prognostic factors, logistic regression
was used. All analyses were performed using SPSS 22.0
for Windows (SPSS, Chicago, IL).

Results

During the study period, we enrolled 1047 consecu-
tive patients with breast cancer who were treated
with NAC followed by surgery and adjuvant therapy.
The median follow-up time was 59.2 months (range
3.13-186.75 months) and the last follow up date was
June 30, 2020. The mean initial tumor size was 4.89 cm
(SD+2.95 cm). The T2 stage accounted for 582 patients
(55.6%), T3 for 205 patients (19.6%), and T4 for 220
patients (21.0%). For the clinical lymph node status,
79 patients (7.5%) were NO, 543 (51.9%) were N1, 425
(40.6%) were N2. Overall, 1028 (98%) were diagnosed
with invasive ductal carcinoma, of whom 77 patients
(7.3%) had tumor SBR grade 1, 405 (38.7%) had grade 2
for, and 466 (44.5%) had grade 3. According to IHC stain-
ing, 413 (39.4%) patients were ER-negative, while 634
patients (60.6%) were ER-positive; 520 (49.7%) patients
were PR-negative, while 527 (50.3%) were PR-positive;
and 466 (44.5%) patients were HER-2 positive. The tri-
ple negative subtype (HR—/HER2—) accounted for
15.5% (n=162) of patients, and the HR+ /HER2— sub-
type accounted for 40.0% (n=419). Regimens for NAC
was prescribed according to the physician’s preference.
A total of 603 patients (57.7%) were prescribed anthra-
cycline-based agents combined with taxane-based regi-
mens, while 325 patients (31.0%) received chemotherapy
agents combined with target therapies, of whom 68
patients received dual blockade therapy for HER2 + dis-
ease. Out of a total of 68 HER2-+ patients receiving
dual blockade therapy (trastuzumab + pertuzumab), 34
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patients (50%) achieved pCR while pCR occurred in 104
patients (40.5%) out of 257 HER2 + patients with single
blockade therapy (p=0.1579). All patients underwent
surgery after NAC; the BCS rate was 41.3% (n=432),
and the mastectomy rate was 58.7% (n=615). The over-
all pCR rate was 22.2% (n=232), while the non-pCR rate
was 77.8% (n=_815) (Table 1).

Clinical T stage (p<0.0001), clinical N stage
(p<0.0001), SBR grade (p<0.0001), negative ER/PR
(p<0.0001), positive HER2 (p<0.0001) and molecular
subtype (p<0.0001) were predictors of pCR in univari-
ate analysis (Table 2). Multivariate analysis found similar
results, including clinical T1 stage (»<0.001) and clini-
cal T2 (p=0.028) as predictors of pCR compared with
clinical T4 stage. Clinical NO (»p =0.014) and clinical N1
(p<0.0001) were also predictors of pCR compared with
clinical N2 stage. SBR grade 3 (p=0.033) was predic-
tor of pCR compared with SBR grade 1. With regard to
subtype classification, HR +/HER2 + (p <0.0001), HR—/
HER2+ (p<0.0001) and HR—/HER2— (p<0.0001) were
predictors of pCR (Table 3).

During the follow up period, the recurrence rate was
26.8% (n=281), of which 9.9% (n=104) was locore-
gional recurrence (LRR) and 20.9% was distal metastasis.
By the conclusion of this study, 191 (18.2%) patients had
died from breast cancer and 23 (2.2%) patients had died
from other causes. Furthermore, on univariate analy-
sis of factors affecting LRR, we noted that clinical N2
stage (p<0.0001), SBR grade 3 (p=0.004), negative ER
(p=0.001), negative PR (p=0.003), negative HR sub-
types (p=0.043), and non-pCR (p=0.006) were predic-
tors of LRR (Table 4). Comparing between patients who
underwent BCS and those who underwent mastectomy
revealed no significant difference in the overall LRR rate
of the two groups, 8.8% in BCS group vs 10.7% in mas-
tectomy group (p=0.303). In multivariate analysis, only
clinical N2 status (p =0.018), negative ER (p=0.011) and
non-pCR (p=0.019) were found to be predictors of LRR
(Table 5). No significant difference of locoregional recur-
rence free survival rate (LRRFS) in the BCS and mastec-
tomy groups are shown in Fig. 1 (p =0.302). The effect of
PCR on LRRFS is demonstrated in Fig. 2 (p=0.004), as
5-year LRREFS is 94.1% in pCR group and 87.9% in non-
pCR group.

In patients who underwent mastectomy, clinical T
stage (p=0.019), clinical N stage (p <0.001), negative ER
(»=0.032) and non-pCR (p=0.034) were factors to pre-
dict LRR in univariate analysis. In multivariate analysis,
only negative ER remained an independent factor for
unfavorable LRR compared with ER positive patients
in mastectomy group (p=0.025) (Table 6). The LRRFS
rate in the pCR group following mastectomy showed a
favorable outcome (p=0.034), as shown in Fig. 3, while
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Table 1 Clinicopathological  characteristics the  study
population
Parameters No. of cases
Age (years), median (IQR) 49 (14)
Tumor size (cm), median (IQR) 4.1 (2.3)
Clinical T stage
T 40 (3.8%)
T2 582 (55.6%)
T3 205 (19.6%)
T4 220 (21.0%)
Clinical lymph node status
NO 79 (7.5%)
N1 543 (51.9%)
N2 425 (40.6%)

Histologic type
Invasive ductal carcinoma
Mucinous carcinoma

Invasive lobular carcinoma

Invasive micropapillary carcinoma

SBR grade
1
2
3
Unknown
ER status
Negative
Positive
PR status
Negative
Positive
HER2 status
Negative
Positive
Subtype
HR+-/HER2—
HR+/HER2 +
HR—/HER2+
HR—/HER2—
Surgery
Mastectomy
Breast conserving surgery
Margin
Free
Positive
Neoadjuvant regimens
Anthracycline only
Taxane only
Antracycline 4 taxane
Chemotherapy + target therapy
Pathological response
pCR
Non-pCR

1028 (98.1%)
(0.4%)

(1.0%)
©

.5%)

8
4
10
5

7(7.3%)
405 (38,7%)
6

66 (44.5%)
99 (9.5%)

413 (39.4%)
634 (60.6%)

520 (49.7%)
527 (50.3%)

581 (55.5%)
466 (44.5%)

419 (40.0%
237 (22.6%
229 (21.9%

62 (15.5%

615 (58.7%)
432 (41.3%)

1014 (96.8%)
33 (3.2%)

7 (3.5%)

82 (7.8%)
603 (57.7%)
325(31.0%)

232 (22.2%)
815 (77.8%)
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Table 1 (continued)

ER estrogen receptor, HR hormone receptor, HER-2 human epidermal growth
factor receptor 2, pCR pathological complete response, PR progesterone
receptor

Table 2 Comparison between patients pCR and non-pCR

Parameters pCR non-pCR P value
(n=232) (n=2815)

Age (years) 0.493
<50 132 (23.0%) 443 (77.0%)
>50 100 (21.2%) 372 (78.8%)

Clinical T stage <0.0001
T1 7 (42.5%) 3 (57.5%)
T2 149 (25,6%) 433 (74.4%)
T3 9 (19.0%) 166 (81.0%)
T4 (1 2.3%) 193 (87.7%)

Clinical lymph node status <0.0001
NO 19 (24.1%) 60 (75.9%)
N1 164 (30.2%) 379 (69.8%)
N2 49 (11.5%) 376 (88.5%)

SBR grade <0.0001
1 4 (5.2%) 3(94.8%)
2 51 (12.6%) 354 (87.4%)
3 110 (23.6%) 356 (76.4%)
Unknown 67 (67.7%) 2 (32.3%)

ER status <0.0001
Negative 144 (32.9%) 269 (65.1%)
Positive 88 (13.9%) 546 (86.1%)

PR status <0.0001
Negative 172 (33.1%) 348 (66.9%)
Positive 60 (11.4%) 467 (88.6%)

HER2 status <0.0001
Negative 78 (134%) 503 (86.6%)
Positive 154 (33.0%) 312 (67.0%)

Subtype <0.0001
HR+/HER2— 27 (6.4%) 392 (93.6%)
HR+/HER2 + 66 (27.8%) 1(72.2%)
HR—/HER2 + 88 (38.4%) 141 (61.6%)
HR—/HER2— 1(31.5%) 1(68.5%)

ER estrogen receptor, HR hormone receptor, HER-2 human epidermal growth
factor receptor 2, pCR pathological complete response

5-year LRRFS was 92.4% in pCR group and 88.2% in
non-pCR group. In BCS group, negative ER (p=0.005),
negative PR (0.004) and negative HR molecular subtype
(p=0.029) were predictors to LRR in univariate analysis.
HR—/HER2 + subtype (p=0.006) was an independent
factor to predict LRR in BCS patients (Table 7). LRREFS in
BCS group was also found to be numerically, but not sig-
nificant, different between the pCR and non-pCR groups,
as shown in Fig. 4 (p=0.080). Further analysis focusing
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Table 3 Multivariate analysis of factors predicting pCR after NAC
Parameters Odds ratio 95% Confidence interval P value
Clinical T stage
T1vsT4 5.304 2.222-12.664 <0.001
T2 vs T4 1.808 1.065-3.067 0.028
T3vsT4 1.216 0.648-2.282 0.541
Clinical N stage
NO vs N2 2434 1.201-4.933 0.014
N1 vs N2 3.344 2.196-5.090 <0.0001
SBR grade
2/1 2327 0.765-7.073 0137
31 3312 1.101-9.963 0.033
Subtype
HR+/HER2 +vs HR+/HER2— 4.851 2.862-8.221 <0.0001
HR—/HER2 4 vs HR+/ HER2— 8.781 5.146-14.986 <0.0001
HR—/HER2— vs HR + /HER2— 4.868 2.722-8.706 <0.0001

HR hormone receptor, HER-2 human epidermal growth factor receptor 2, NAC neoadjuvant chemotherapy, pCR pathological complete response

on the subtypes of the BCS group demonstrated that the
HR—/HER2 + non-pCR group had significantly increased
LRR compared with the HR—/HER2 + pCR group (25.0%
vs 8.3%, p=0.037). Furthermore, the HR—/HER2—
non-pCR group had significantly increased LRR com-
pared with the HR—/HER2—pCR group (20.4% vs 0%,
p=0.002). (Table 8). Moreover, there was no difference
in LRR found with regards to hormone receptor positive
disease between the between pCR and non-pCR groups.
Further analysis of molecular subtypes indicated no sig-
nificant difference for all subtypes between the pCR and
non-pCR groups following mastectomy (Table 8).

Discussion
In total, 232 patients (22.2%) achieved pCR. Multivariate
analysis indicated that clinical T stage, clinical N stage,
and molecular subtype were independent predictors to
PCR. A total of 104 patients (9.9%) developed LRR of
which 12 were in the pCR group and 92 were in the non-
pPCR group. Our study reported that pCR in all breast
cancer subtypes, after NAC, provided better local con-
trol. The result was in line with the findings of our previ-
ous report published in 2018, in which no LRR occurred
in the pCR group and 31 patients (13.2%) in the non-pCR
group with significant difference in total 263 patients
all receiving neoadjuvant weekly epirubicin and doc-
etaxel regimens[12]. Our study revealed that 232 patients
(22.2%) achieved pCR among the 1047 patients under-
went while the BCS rate is 41% and the rest of patients
received mastectomy (59%). Overall, 281 patients experi-
enced tumor recurrence (26.8%).

Although the pooled analysis from CTNeoBC did not
support pCR as a surrogate endpoint for an improved

event-free survival or overall survival in all subtypes
of breast cancer [13], pCR was an effective surrogate
endpoint for selected patients in aggressive subtypes
including luminal B/HER-, HER2 overexpression and
triple negative breast cancer [14]. A recent compre-
hensive meta-analysis concluded that pCR followed by
NAC was associated with significantly better event-free
survival (EFS) and overall survival (OS), especially for
patients with triple-negative and HER2 + breast can-
cer. The tumor response effect observed in the pCR
group was similar in adjuvant chemotherapy and NAC
patients [15]. Moreover, data from the combined analy-
sis of the National Surgical Adjuvant Breast and Bowel
Project (NSABP) B-18 and B-27 showed that the resid-
ual tumor status was an independent predictor of LRR
in all patients at the 10 year follow-up, regardless of
surgery type [10]. Another large analysis of the Euro-
pean Organisation for Research and Treatment of Can-
cer (EORTC) 10,994/BIG 1-00 study of patients with
locally advanced breast cancer receiving NAC showed
that pCR was a favorable factor with regards to the pre-
diction of LRR after NAC [16]. Several retrospective
series also demonstrated that achieving pCR after NAC
can result in better local control following surgery [1,
2, 17, 18]. Therefore, achieving pCR was an important
factor not only for distant disease control but also for
local control. In our series, failure to achieve pCR was
also proved to be an independent predictor of LRR in
total population. In subgroup analysis of mastectomy
patients, the effect of pCR was only demonstrated in
univariate analysis while numerically but not signifi-
cantly lower LRR in pCR group comparing non-pCR
group in patients undergoing BCS.
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Table 4 Factors predicting LRR after NAC

Parameters LRR No LRR P value
(n=104) (n=943)

Age (years) 0.66
<50 55 (9.6%) 520 (90.4%)
>50 49 (10.4%) 423 (89.6%)

Clinical T stage 0.059
T 5(12.5%) 35 (87.5%)

T2 51(8.8%) 531(91.2%)
T3 16 (7.8%) 89 (92.2%)
T4 32 (14.5%) 188 (85.5%)

Clinical lymph node status <0.0001
NO 2 (2.5%) 77 (97.5%)

N1 40 (7.4%) 503 (92.6%)
N2 62 (14.6%) 363 (85.4%)

SBR grade 0.004

1 2 (2.6%) 75 (97.4%)
2 38 (9.4%) 367 (90.6%)
3 60 (12.9%) 06 (87.1%)

Unknown 4 (4.0%) 95 (96.0%)

Histologic type 0.083
Invasive ductal carcinoma 100 (9.7%) 928 (90.3%)

Invasive lobular carcinoma 2 (20.0%) 8 (80.0%)
Mucinous carcinoma 0 4 (100.0%)
Others 2 (40.0%) 3 (60.0%)

Margin 0.765
Free 102 (10.1%) 912 (89.9%)

Positive 2(6.1%) 31(93.9%)

ER 0.001
Positive 47 (7.4%) 587 (92.6%)
Negative 57 (13.8%) 356 (86.2%)

PR 0.003
Positive 38 (7.2%) 489 (92.8%)
Negative 66 (12.7%) 454 (87.3%)

HER2 0.722
Positive 48 (10.3%) 418 (89.7%)
Negative 56 (9.6%) 525 (90.4%)

Subtype 0.043
HR+/HER2— 33(7.9%) 386 (92.1%)
HR+/HER2 4 9 (8.0%) 218 (92.0%)
HR—/HER2 + (12 7%) 200 (87.3%)
HR—/HER2— 3(14.2%) 39 (85.8%)

Neoadjuvant regimens 0.189
Anthracycline only 7 (18.9%) 0 (81.1%)

Taxane only 6 (7.3%) (92 7%)
Anthracycline 4 taxane 63 (10.4%) 540 (89.6%)
Chemotherapy + target therapy 28 (8.6%) 297 (91.4%)

Operation type 0.303
Mastectomy 66 (10.7%) 549 (89.3%)

BCS 38 (8.8%) 394 (91.2%)

pCR 0.006
Yes 2(5.2%) 220 (94.8%)

No 92 (11.3%) 723 (88.7%)
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Table 4 (continued)

ER estrogen receptor, HR hormone receptor, HER-2 human epidermal growth
factor receptor 2, LRR locoregional recurrence, NAC neoadjuvant chemotherapy,
pCR pathological complete response, PR progesterone receptor

Table 5 Multivariate analysis of factors to predict LRR

Parameters Odds ratio  95% Confidence interval P value

Clinical lymph node

status

NO 1

N1 2.981 0.700-12.701 0.14

N2 5.668 1.343-23.929 0018
SBR grade

1 1

2 3.012 0.700-12.954 0.139

3 3572 0.827-15.428 0.088

Unknown 1.541 0.259-9.157 0.634
ER

Positive 1

Negative 4.272 1.405-12.995 0.011
PR

Positive 1

Negative 1.768 0.896-3.487 0.1
Subtype

HR+/HER2— 1

HR+/HER2 + 1.029 0.552-1.919 0929

HR—/HER2 + 0.295 0.075-1.159 0.08

HR—/HER2— 0329 0.083-1.313 0.115
pCR

Yes 1

No 2.247 1.146-4.407 0.019

HR hormone receptor, HER-2 human epidermal growth factor receptor 2, LRR
locoregional recurrence, pCR pathological complete response

The results from the EORTC 10994/BIG 1-00 study
of patients with locally advanced breast cancer receiv-
ing NAC showed that breast cancer subtypes, including
HER2 + with or without trastuzumab and triple-negative,
are predictive factors for high LRR after NAC [16]. Yang
et al. reported that 233 stage II-III breast cancer patients
treated with NAC, mastectomy, and post-mastectomy
radiotherapy had an 8% LRR rate over 5 years with a
62-month median follow-up. The authors concluded that
patients with triple-negative breast cancer had the high-
est LRR rate and those with HR+and HER2+ breast
cancer had favorable LRR rates, regardless of NAC
response [18]. In other several retrospective studies,
molecular subtypes including HER2+and triple-nega-
tive also showed poor LRR in BCS patients [1, 2]. In our
study, negative ER was found an independent significant
factor for the prediction of LRR, regardless of treatment
response. Negative ER remained an independent factor
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Table 6 Univariate and multivariate analysis of factors predicting LRR in patients undergoing mastectomy after NAC
Parameters Univariate analysis Multivariate analysis
LRR (n=66) No LRR (n=549) P value Odds ratio 95% Confidence interval P value
Age (years) 0477
<50 30(9.8%) 275 (90.2%)
>50 36 (11.6%) 274 (88.4%)
Clinical T stage 0.019
T 3(20.0%) 12 (80.0%) 1
T2 23 (9.1%) 229 (90.9%) 0335 0.081-1.380 013
T3 9 (6.1%) 138 (93.9%) 0.228 0.050-1.035 0.055
T4 31 (15.4%) 170 (84.6%) 0434 0.105-1.782 0.246
Clinical lymph node status <0.001
NO 1 (4.8%) 20 (95.2%) 1
N1 16 (5.7%) 264 (94.3%) 1.223 0.151-9914 0.85
N2 49 (15.6%) 265 (84.4%) 2983 0.380-23.421 0.299
SBR grade 0.07
1 1(2.1%) 46 (97.9%)
2 25(10.3%) 217 (89.7%)
3 37 (13.5%) 238 (86.5%)
Unknown 3(5.9%) 48 (94.1%)
Histologic type 0.534
Invasive ductal carcinoma 64 (10.6%) 539 (89.4%)
Invasive lobular carcinoma 1(16.7%) 5(83.3%)
Mucinous carcinoma 0 3(100.0%)
Others 1(33.3%) 2 (66.7%)
Margin >0.999
Free 66 (10.1%) 541 (89.1%)
Positive 0 8 (100.0%)
ER 0.032
Positive 33(8.6%) 349 (91.4%) 1
Negative 33 (14.2%) 200 (85.8%) 1.837 1.078-3.131 0.025
PR 0.105
Positive 29 (8.8%) 299 (91.2%)
Negative 37(12.9%) 250 (87.1%)
HER2 0.51
Positive 27 (9.8%) 248 (90.2%)
Negative 39(11.5%) 301 (88.5%)
Subtype 0.206
HR+/HER2— 26 (9.8%) 240 (90.2%)
HR+ /HER2 + 11 (8.5%) 119 (91.5%)
HR—/HER2 + 16 (11.0%) 129 (89.0%)
HR—/HER2— 13 (17.6%) 61 (82.4%)
Neoadjuvant regimens 0.229
Anthracycline only 5(19.2%) 21 (80.8%)
Taxane only 5(11.4%) 39 (88.6%)
Anthracycline +Taxane 44 (11.6%) 336 (88.4%)
Chemotherapy +Target therapy 12 (7.3%) 153 (92.7%)
pCR 0.034
Yes 4 (4.4%) 87 (95.6%) 1
No 62 (11.8%) 462 (88.2%) 2.524 0.856-7.444 0.093

ER estrogen receptor, HR hormone receptor, HER-2 human epidermal growth factor receptor 2, LRR locoregional recurrence, NAC, neoadjuvant chemotherapy, pCR
pathological complete response, PR progesterone receptor
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for unfavorable LRR compared with ER positive patients
in mastectomy group and HR—/HER2 + subtype was an
independent factor to predict LRR in BCS patients. The
status of the hormone receptor appears to play a more
important role in LRR than the NAC treatment response
in our results.

The Early Breast Cancer Trialists’ Collaborative Group
(EBCTCQG) recently reported that NAC was associated
with more frequent local recurrence than that of adju-
vant chemotherapy. The 15-year local recurrence rate
was reported to be 21.4% for NACT compared with
15.9% for adjuvant chemotherapy from a meta-analysis
of individual patient data from 10 randomized trials with
average 9 years of follow-up. The study group also found
that patients who underwent NAC had an increased fre-
quency of breast-conserving therapy (65%) versus those
treated with adjuvant chemotherapy (49%). The larg-
est difference of LRR appeared in planned mastectomy
patients and surgery less commonly used patients. The
authors concluded tumors downsized by NAC might
have higher local recurrence after BCS than tumors of
the same dimensions in women who did not undergo
NAC. Furthermore, the majority of patients only received
anthracycline-based chemotherapy and final enrollment
of patients occurred in 2002 [4]. Previous NSABP B-27

trial reports indicated that anthracycline-based regimens
with the addition of taxane were associated with higher
PCR rates and better local control [19]. Moreover, neo-
adjuvant chemotherapy plus trastuzumab was shown
to be a predictor factor for favorable long-term sur-
vival but trastuzumab cannot be used before 2002 [20].
In our studies, the majority of patients received anthra-
cycline-based regimens combined with taxane-based
chemotherapy and every patient underwent appropri-
ate surgery. Results from the combined study of NSABP
B-18 and B-27 revealed that the 10-year LRR was 12.3%
for patients with mastectomy and 10.3% for patients with
lumpectomy plus whole breast radiotherapy, indicating
no significant difference between the mastectomy and
BCS groups following NAC [10]. In the I-SPY trial there
was no substantial difference in LRR between the mas-
tectomy and BCS groups, given the fact that the mastec-
tomy group on average had higher clinical staging [21].
A higher breast conservation rate would not increase the
LRR rate, which the NSABP B-18 and the EORTC stud-
ies have confirmed [22, 23]. In another pooled analysis
of 5500 participants, the mastectomy rate in NAC group
was found to be lower than in the adjuvant chemotherapy
group, without interfering the local control [24]. In our
report, 615 (58.7%) patients chose mastectomy, while 432
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Table 7 Univariate and multivariate analysis of factors predicting LRR in patients undergoing BCS after NAC

Parameters Univariate analysis Multivariate analysis
LRR (n=38) No LRR (n=394) P value QOdds ratio 95% confidence interval P value
Age (years) 0.661
<50 25(9.3%) 245 (90.7%)
>50 13 (8.0%) 149 (92.0%)
Clinical T stage 0.77
T 2 (8.0%) 23(92.0%)
T2 28 (8.5%) 302 (91.5%)
T3 7(12.1%) 51(87.9%)
T4 1(5.3%) 18 (94.7%)
Clinical lymph node status 0.089
NO 1(1.7%) 57 (98.3%)
N1 24(9.1%) 239 (90.9%)
N2 13 (11.7%) 98 (88.3%)
SBR grade 0.091
1 1(3.3%) 29 (96.7%)
2 13 (8.0%) 150 (92.0%)
3 23 (12.0%) 168 (88.0%)
Unknown 1(2.1%) 47 (97.9%)
Histologic type 0.127
Invasive ductal carcinoma 36 (8.5%) 389 (91.5%)
Invasive lobular carcinoma 1(25.0%) 3(75.0%)
Mucinous carcinoma 0 1 (100.0%)
Others 1(50.0%) 1 (50.0%)
Margin >0.999
Free 36 (8.8) 371(91.2%)
Positive 2 (8.0%) 23 (92.0%)
ER 0.005
Positive 14 (5.6%) 238 (94.4%)
Negative 24 (13.3%) 156 (86.7%)
PR 0.004
Positive 9 (4.5%) 190 (95.5%)
Negative 29 (12.4%) 204 (87.6%)
HER2 0.151
Positive 21 (11.0%) 170 (89.0%)
Negative 17 (7.1%) 224 (92.9%)
Subtype 0.029
HR+/HER2— 7 (4.6%) 146 (95.4%) 1
HR+/HER2 + 8 (7.5%) 99 (92.5%) 1.685 0.592-4.797 0328
HR-/HER2 + 13 (15.5%) 71 (84.5%) 3.819 1.460-9.990 0.006
HR—/HER2— 10 (11.4%) 78 (88.6%) 2674 0.980-7.300 0.055
Neoadjuvant regimens 0.345
Anthracycline only 2 (18.2%) 9 (81.8%)
Taxane only 1 (2.6%) 37 (97.4%)
Anthracycline +taxane 19 (8.5%) 204 (91.5%)
Chemotherapy + target therapy 16 (10.0%) 144 (90.0%)
pCR 0117
Yes 8(5.7%) 133 (94.3%)
No 30(10.3%) 261 (89.7%)

ER estrogen receptor; HR hormone receptor; HER-2 human epidermal growth factor receptor 2; LRR locoregional recurrence; NAC neoadjuvant chemotherapy; pCR
pathological complete response; PR progesterone receptor
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Table 8 Comparison of LRR in pCR and non-pCR patients after BCS and mastectomy in different subtypes

Parameters Subtype Recurrence patterns Pathological total response
Operation type pCR Non-pCR P value
(N=91) (N=524)
Mastectomy HR 4+ /HER2- LRR 1(9.1%) 25 (9.8%) >0.999
(N=615) (N=266) No LRR 10 (90.9%) 230 (90.2%)
HR+/HER2 + LRR 0 1(10.8%) 0.12
(N=130) No LRR 28 (100%) 91 (89.2%)
HR—/HER2 + LRR 1(2.5%) 5(14.3%) 0.071
(N=145) No LRR 39 (97.5%) 90 (85.7%)
HR—/HER2— LRR 2 (16.7%) 1(17.7%) >0.999
(N=74) No LRR 10 (83.3%) 1(82.3%)
Conserving breast surgery HR 4+ /HER2— LRR 1(6.3%) 6( 49%) 0.546
(n=432) (N=153) No LRR 15 (93.7%) 131 (95.6%)
HR+4/HER2 + LRR 3(7.9%) 5(7.2%) >0.999
(N=107) No LRR 35(92.1%) 64 (92.8%)
HR—/HER2 + LRR 4(8.3%) 9 (25.0%) 0.037
(N=84) No LRR 44 (91.7%) 27 (75.0%)
HR—/HER2— LRR 0 10 (20.4%) 0.002
(N=288) No LRR 39 (100%) 39 (79.6%)

HR hormone receptor, HER-2 human epidermal growth factor receptor 2, LRR locoregional recurrence, pCR pathological complete response
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(41.3%) received BCS. However, the choice of surgery
types did not affect the LRR rate—10.7% in mastectomy
patients and 8.8% in BCS patients in the total population.

Subgroup analysis revealed 38 cases of LRR (8.8%) fol-
lowing BCS, in which 5.7% in pCR group and 10.3% in
non-pCR group. Further investigation according to the
molecular subtype showed that in the BCS group, HR—/
HER2+non-pCR patients had significantly increased
LRR than HR—/HER2+pCR patients and that HR—/
HER2— non-pCR patients had a significantly increased
LRR than HR—/HER2—pCR patients. In the mastectomy
group, an increasing trend with regards to the risk of LRR
in the non-pCR group was observed, but this was not
significant. Caudle et al. reported that HR—/HER2 +and
HR-/HER2- patients with a poor response to NAC had
worse LRRFS after BCS. Furthermore, the authors found
that patients with HR +/HER2— and HR + /HER2 + sub-
types had excellent LRREFS, regardless of tumor response
to NAC[1]. Another study group from Korea revealed
HR—/HER2— subtypes and HER2+without trastu-
zumab subtypes predicted higher rates of LRR after NAC
and BCT, while A pCR was predictive of improved LRR
in HR—/HER2— subtype [2]. Moreover, the I-SPY 1 Trial
reported that the 5-year local recurrence risk was 0% for
mastectomy and 9% for breast conservation in patients
with an excellent response to NAC while the local recur-
rence rate was 12% for mastectomy and 7% for breast
conservation in significant residual disease [21]. Another
critical point was the resection area of operation after
NAC. In patients who undergo NAC in order to achieve
breast-tumor downstaging to enable BCS, the tumor site
should be marked with a clip before initiating NAC, and
resection of the entire volume of breast tissue originally
occupied by tumor is not necessary [25]. However, the
difference of resection area influencing local recurrence
was still unknown in neoadjuvant setting. Local con-
trol appeared to be worse in HR- subtype non-pCR BCS
patients after NAC in our study, but the effect on over-
all survival remains unknown. Further investigation is
needed to determine overall survival outcomes.

Limitation

One of the limitations of this study is that it was a ret-
rospective study from a single institution, which may
result in selection bias. This study is also limited by the
relatively short follow-up period. Furthermore, not all
patients with the same subtype diagnosis received the
same chemotherapy regimens.

Conclusion

Clinical N2 status, negative ER, and failure to achieve
pCR after NAC were independently related to the risk of
developing LRR. Operation type did not impact on the
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LRR. In addition, the LRR rate was higher in non-pCR
hormone receptor-negative patients undergoing BCS
comparing with pCR patients. Some strategies to guide
adjuvant treatment and strict follow up are needed in
non-pCR hormone receptor-negative patients undergo-
ing BCS after NAC.
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