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Introduction

Breast-conserving surgery (BCS) has been extensively 
used for breast cancer management. It provides the same 
curability as mastectomy, and it leads to good cosmetic 
outcomes. In recent years, endoscopic BCS has also been 
reported, which provides better cosmetic results than con-
ventional direct vision surgery [1]. The indications for BCS 
have been further expanded because of the introduction of 
primary systemic chemotherapy (PST), and BCS is some-
times used for some locally advanced breast cancers, even 
for tumors >5 cm (cT3) or extending to the chest wall or 
skin (cT4).

PST was first used in the early 1970s to treat non-oper-
able breast cancer (locally advanced or inflammatory). Its 
use was gradually extended to operable large breast tumors 
(T  >  5  cm; ~1980s) and operable small breast tumors 
(T > 1–2 cm; ~1990s) [2]. The initial aim of PST was to 
achieve operability for locally advanced breast cancer, and 
then gradually improve the breast conservation rates, by 
testing the in vivo tumor chemosensitivity. Randomized 
studies with long follow-up periods comparing primary 
vs. adjuvant chemotherapy found no differences in the 
disease-free and overall survival rates, but showed that 
primary chemotherapy led to more frequent BSC [3–8]. 
More recently, PST has been used to treat operable locally 
advanced or large primary tumors to increase the rate of 
conservative surgery. PST is now considered the stand-
ard of care for locally advanced breast cancer, a reason-
able option for large primary breast tumors not eligible for 
conservative surgery and an acceptable alternative for all 
patients who are candidates for adjuvant treatment. How-
ever, some barriers to BCS after PST exist.

For example, the presence of a residual tumor after PST 
is considered to be a risk factor for local recurrence (LR) 
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[9, 10], and is an obstacle to obtaining clear resection mar-
gins when attempting BCS. In addition, a delay of surgery 
in patients who show resistance to PST allows the disease 
to progress. Under these circumstances, the use of BCS 
for patients with locally advanced tumors downstaged by 
PST remains controversial. In other words, the oncologi-
cal safety of BCS after PST for patients with initial large 
tumors (>5 cm; cT3) or tumors with direct extensions to the 
chest wall or skin (cT4) is not thoroughly established. This 
study evaluated the oncological safety of BCS after PST in 
cT3–4 patients in terms of the LR.

Materials and methods

The subjects were 146 patients with cT1–2 primary breast 
cancer who underwent BCS after PST, and 169 consecu-
tive patients with cT3–4 primary breast cancers who under-
went surgery between January 2004 and October 2011 
at the National Cancer Center Hospital, Tokyo, Japan. 
In this study, LR was defined as the first recurrent event 
that occurred in the remaining breast (in cases of BCS) 
or in the chest wall or chest skin (in cases that underwent 
mastectomy).

First, we compared the LR rates between the cT1–2 
group and the cT3–4 group that underwent BCS after 
PST. Next, we subdivided the cT3–4 group into two sub-
groups: the initial surgery (IS) group and the PST group. 
Thereafter, we subdivided the PST group into two sub-
groups: the BCS subgroup and the mastectomy subgroup. 
The LR-free survival in each group was analyzed using 
a Kaplan–Meier analysis, and we evaluated predictors by 
means of Cox proportional hazards modeling for the LR 
in patients after PST. All patients in the IS group under-
went mastectomy. In the PST group, patients with tumors 
≤3 cm after PST were eligible for BCS, but some with a 
tumor size >3  cm were included after PST if the breast 
had a cosmetic deformity or defect that could be cor-
rected surgically. When performing BCS after PST, we 
determined the extent of resection according to both the 
location and spread of the tumor after PST. The remain-
ing tumor was resected with a 1- to 3-cm margin from the 
suspected range observed in the imaging results/physical 
findings after PST. In addition, the patients who received 
a diagnosis of a non-preservable nipple underwent mas-
tectomy. Patients with inflammatory and metastatic 
tumors were excluded from this study. In the PST group, 
all patients underwent axillary dissection. In the IS group, 
all patients underwent axillary dissection, except for two 
patients who were clinically node negative and under-
went sentinel lymph node biopsy based on the surgeon’s 
discretion.

The clinical and pathological T and N factors were based 
on the Cancer Staging Manual of the American Joint Com-
mittee on Cancer (AJCC), 7th edition. Of the 146 cT1–2 
patients, two (1.4  %) had a cT1 tumor and 144 (98.6  %) 
had a cT2 tumor. Of the 169 cT3–4 patients, 126 (75 %) 
had a cT3 tumor and 43 (25 %) had a cT4 tumor. The cut-
off values for the estrogen receptor (ER) and progesterone 
receptor (PgR) positivity were 1 % positive cells for both, 
irrespective of the intensity. Human epidermal growth fac-
tor receptor 2 (HER2) positivity was defined as a HER2 
score >2 (>30  % strong membrane immunoreaction-posi-
tive cells) or a HER2 gene/centromere-17 ratio ≥  2.0, as 
assessed by fluorescence in situ hybridization. The ER, 
PgR and HER2 status were examined both before and after 
PST by more than two pathologists. The margin status was 
classified as positive or negative. Positive margins were 
defined as margins involved by invasive or non-invasive 
tumor; negative margins were defined as those free from 
invasive or non-invasive tumors.

The PST protocol and treatment of adverse effects were 
managed by clinical oncologists. Of the 149 patients, 143 
underwent treatment with both anthracycline (A) and tax-
ane (T)-containing regimens (A +  T), four patients were 
treated with an A regimen only, and two patients were 
treated with a T regimen only. The A +  T regimen con-
sisted of four cycles of doxorubicin (60 mg/m2) plus cyclo-
phosphamide (600 mg/m2), followed by weekly paclitaxel 
(80 mg/m2), four cycles of epirubicin (100 mg/m2), cyclo-
phosphamide (500 mg/m2) and 5-fluorouracil (500 mg/m2), 
followed by weekly paclitaxel (80 mg/m2), and four cycles 
of concurrent doxorubicin (50  mg/m2) plus docetaxel (50 
mg/m2). Radiological examinations by MRI or CT and 
US for evaluation of the clinical response were performed 
at both before and after PST for every patient. Patholo-
gists also recorded the pathologically invasive tumor size, 
pathological nodal status, histological grade, the presence 
or absence of lymphovascular invasion and the patho-
logic response to PST based on the findings in each sur-
gical specimen. The definition of a pathological complete 
response (pCR) allowed for residual cancer in the intra-
ductal component. Non-pCR was defined as the presence of 
residual tumor in the affected breast on permanent surgical 
specimens.

Patients who underwent BCS received radiation ther-
apy for the entire breast (50–60  Gy). Axillary and supr-
aclavicular radiation was performed on patients with a 
clinical N2 or higher pathological N stage. Patients who 
underwent mastectomy also received radiation therapy 
to the chest wall, axillary and supraclavicular regions 
(50–60 Gy) if the tumor was clinically N2 stage or higher. 
The length of follow-up was measured from the date of 
surgery.
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Statistical analysis

We used the Mann–Whitney U test to compare the ages 
between the patient subsets, the χ2 test to compare other 
variables and a Cox regression analysis to investigate the 
hazard ratios (HR) of individual parameters for predicting 
the LR. A value of P  <  0.05 was considered to be statis-
tically significant. Confidence intervals (CIs) were set at 
95 %. The SPSS statistical software program (version 19, 
IBM SPSS Statistics, Chicago, IL, USA) was used for all 
statistical analyses.

Results

Table 1 summarizes the clinicopathological parameters of 
the cT1–2 group compared to the cT3–4 group after PST. 
There were no significant differences in the clinical param-
eters between the two groups except for the cT stage. LR 
developed in three cases in the cT3–4 group, and in two 
cases in the cT1–2 group (P  =  0.064). HER2 positivity 
tended to be higher in the LR group compared with that 
in the patients without LR (P = 0.020). The 5-year LRFS 
rates were 92.5 % in the cT3–4 group and 98.6 % in the 
cT1–2 group (P = 0.074; Fig. 1).

Table  2 summarizes the clinicopathological parameters 
of the IS group compared to the PST group. The age, cT 
stage and use of radiation therapy significantly differed 
between the two groups (P = 0.016, P = 0.025, P < 0.001, 
respectively). In terms of PST, a higher histological grade 
(G3 to G1–2), hormone negativity, cCR and pCR were 

observed more frequently in the BCS subgroup (P = 0.030, 
P  =  0.024, P  =  0.015, and P  =  0.002, respectively), 
whereas the cT stage, pN stage and HER2 negativity were 

Table 1   The clinicopathological parameters of the BCS in the cT1–2 group vs. the cT3–4 group in PST cases

Parameter Total LR P PST/BCS:cT1–2 PST/BCS:cT3–4 P

N (%) 194 5 146 (74) 48 (26)

Follow-up, months (range) 61 (2–116) 62 (2–112) 61 (13–116)

Average age, years (range) 50.3 (27–74) 60.5 (51–60) 0.205 50.4 (27–74) 49.9 (31–71) 0.888

cT1–2/3–4 146/48 2/3 0.064

Age: <40/≥40 years 35/157 0/5 0.041 24/120 11/37 0.860

cN0–1/2–3 178/16 5/0 0.497 136/10 42/6 0.217

Invasive ductal/special type 181/13 5/0 0.544 137/9 44/4 0.602

LVI: −/+ 152/42 4/1 0.928 119/27 33/15 0.063

Margin: −/+ 188/6 5/0 0.686 142/4 46/2 0.620

histological grade: 1–2/3 92/102 1/4 0.213 71/75 21/27 0.557

pN0–l/pN2–3 172/22 4/1 0.536 128/18 44/4 0.449

HR+/HR− 98/96 4/1 0.167 77/69 21/27 0.280

HER2+/HER2− 63/131 4/1 0.020 46/100 17/31 0.554

Radiation: +/− 194/0 7/0 – 146/0 48/0 –

cCR/non-cCR 80/114 1/4 0.328 64/82 16/32 0.200

pCR/non-pCR 63/131 2/3 0.716 47/99 16/32 0.884

NA: A + T/A/T 183/4/7 7/0/0 0.844 135/4/7 48/0/0 0.355

Fig. 1   The Kaplan–Meier survival curves for the 5-year LR-free sur-
vival of the BCS in the cT1–2 group vs. the cT3–4 group after PST

Cumulative LR-free survival P=0.074

Follow-up (months)

No. at risk

cT1-2:  146 137 107  77  46       17      

cT3-4: 48 48 38 26 15 5      
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higher in the mastectomy subgroup (P = 0.011, P = 0.010, 
and P  =  0.027, respectively). At a median follow-up of 
61 months (range 1–116), LR had developed in one patient 
in the IS group, and in nine patients in the PST group. The 
5-year LR-free survival rates were 94.7 % in the IS group 
and 93.0  % in the PST group, and did not significantly 
differ between the two groups (P =  0.845; Fig.  2a). The 
5-year overall survival rates also did not significantly differ 
between the groups (P = 0.507; Fig. 2b).

LR developed in three patients in the BCS subgroup and 
six patients in the mastectomy subgroup. The 5-year LR-
free survival rates were 93.2 and 92.5 %, respectively, and 
did not differ significantly (P = 0.958; Fig. 3a). Similarly, 
the 5-year overall survival rates also did not differ signifi-
cantly (P = 0.568; Fig. 3b).

The associations of the clinicopathological character-
istics with the LR were analyzed in a multivariate Cox 
regression model in the overall cT3–4 patients. Lym-
phovascular invasion (present vs. absent: HR, 4.720; 
P =  0.044), hormone receptor status (negative vs. posi-
tive: HR, 5.921; P  =  0.033) and a higher histological 
grade (grade 3 vs. grades 1–2: HR, 17.862; P =  0.024) 
were identified as independent predictors for the LR in 
the overall cT3–4 patients (Table 3). Similarly, the histo-
logical type (special type vs. invasive ductal: HR, 15.595; 
P =  0.024), hormone receptor status (negative vs. posi-
tive: HR, 7.079; P  =  0.042) and a higher histological 
grade (grade 3 vs. grade 1–2: HR, 41.773; P =  0.013) 

were identified as independent predictors of the LR in 
PST cases (Table 4).

Discussion

The oncological safety of BCS after PST in patients with 
larger breast tumors (cT3–4) compared with that of patients 
with small tumors (cT1–2) has not been thoroughly estab-
lished. Up to now, the initial tumor size and quality of 
the clinical response were thought to correlate with the 
rate of success after BCS. In the B-18 trial, patients who 
received PST improved their chance for breast conserva-
tion by 12.5 % if their tumor was 2–5 cm, and by 17.5 % 
if the tumor was >5 cm [4]. Rouzier et al. [11] developed a 
nomogram to predict the probability of a patient becoming 
eligible for BCS after PST. The factors used in this nomo-
gram included the ER status, initial tumor size, histologi-
cal grade, multicentricity and histological type. In addition, 
the GEPARDUO trial suggested that the factors associated 
with a significantly higher BCS rate were a pre-chemother-
apy tumor size ≤40 mm, non-lobular histological charac-
teristics, treatment with an adriamycin, cyclophosphamide 
and docetaxel regimen, the clinical response and a post-
chemotherapy tumor size ≤20  mm [12]. These data indi-
cated that both the initial and post-chemotherapy primary 
tumor sizes are essential for determining the eligibility for 
BCS.

Table 2   The clinicopathological parameters of the BCT group vs. the IS group in the cT3–4 patients

A anthracycline, BCT breast-conserving therapy, cCR clinical complete response, HR hormone receptor, IS initial surgery (mastectomy), LVI 
lymphovascular invasion, Mast mastectomy, NA neoadjuvant regimen, pCR pathological complete response, PST primary systemic chemother-
apy, T taxane

Parameter Total IS PST P PST/BCS PST/Mast P

N 169 20 149 48 101

Follow-up, months (range) 61 (1–116) 52 (9–95) 61 (1–116) 61 (13–116) 61 (1–112)

Average age, years (range) 51.6 (23–81) 58.7 (31–81) 50.8 (23–75) 0.016 49.9 (31–71) 51.2 (23–75) 0.435

Age: <40/≥40 years 27/144 2/18 25/124 0.437 11/37 14/87 0.167

cT3/cT4 126/43 19/1 107/42 0.025 41/7 66/35 0.011

cN0–1/2–3 146/23 20/1 127/22 0.232 41/7 86/15 0.966

Invasive ductal/special type 149/20 17/3 132/17 0.641 44/4 88/13 0.416

LV invasion: −/+ 101/68 8/12 93/56 0.055 33/15 60/41 0.271

Margin: −/+ 164/5 19/1 145/4 0.566 46/2 99/2 0.440

Histological grade: 1–2/3 80/89 9/11 72/77 0.780 17/31 54/47 0.030

pN0–1/pN2–3 132/37 14/6 118/31 0.350 44/4 74/27 0.010

HR+/HR− 96/73 11/9 85/64 0.862 21/27 62/39 0.024

HER2+/HER2− 43/156 7/14 36/113 0.296 17/31 19/82 0.027

Radiation: +/− 141/27 11/9 130/19 <0.001 48/0 82/19 –

cCR/non–cCR –/– –/– 34/115 – 16/32 18/83 0.015

pCR/non–pCR –/– –/– 28/121 – 16/32 12/89 0.002

NA: A + T/A/T –/–/– –/–/– 143/4/2 – 48/0/0 95/4/2 –
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(a) Cumulative local recurrence-free survival P=0.845

Follow-up (months) 
No. at risk

cT1-2: 20      18 15 6   1

cT3-4: 146     129      109 79      44      16 

(b) Cumulative overall survival P=0.507

Follow-up (months)
No. at risk

cT1-2:  20     20       15        6      1    

cT3-4:  146    130      111        80     44      16 

Fig. 2   The Kaplan–Meier survival curves for a. the LR-free survival 
in the initial surgery group vs. the PST group and for b. the overall 
survival in the initial surgery group vs. the PST group

(a) Cumulative LR-free survival P=0.958

Follow-up (months)
No. at risk
Mastectomy:  48      48       38       25      15      5      

BCS:       101      86       71       54      31     13 

(b) Cumulative overall survival P=0.568

Follow-up (months)
Mastectomy:  48      43       39       25      15      5      

BCS:       101      87       72       55      30     13 

Fig. 3   The Kaplan–Meier survival curves for a. the LR-free survival 
in the mastectomy subgroup vs. the BCS subgroup in the PST cases 
and for b. the overall survival in the mastectomy subgroup vs. the 
BCS subgroup in the PST cases
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On the other hand, a retrospective review of 403 cases 
who underwent BCS after PST at M.D. Anderson Can-
cer Center identified four clinicopathological factors 
as predictors of LR for BCS after PST in a multivari-
ate analysis: cN2–3 stage, presence of lymphovascular 
invasion, residual pathological tumor size >2  cm and a 
multifocal residual pattern of disease, whereas the ini-
tial T stage (T1–2 vs. T3–4) did not correlate with the 
LR (5-year ipsilateral breast tumor recurrence-free rates 
of 96 vs. 92  %, respectively, P =  0.19) [9]. This study 
found that BCS after PST had an acceptably low rate of 
LR in selected patients, even those with cT3–4 patients. 
Similarly, although some papers have reported that 
the clinical stage and quality of clinical and pathologi-
cal response correlated with the LR rate in patients who 
underwent BCS after PST, the initial tumor size did not 
correlate with LR in these patients [10, 13–18]. Although 

these results imply that the initial tumor size is not a risk 
factor for LR, the post-chemotherapeutic response with 
regard to the tumor-related factors and biological features 
of the tumor itself do influence LR. Furthermore, Rouzier 
et al. [13] concluded that LR in downstaged patients was 
a strong independent predictor of distant metastasis, and 
reported that the initial tumor size did not correlate with 
distant metastasis.

Table 3   The factors predicting LR

a  Reference category. We did not include the margin status in the 
analysis because there was no LR in margin-positive patients

Parameter LR

Hazard ratio 95 % confidence interval P

Group

 Initial surgerya

 PST 3.491 0.253–48.180 0.351

cT-factor

 cT3a

 cT4 2.016 0.429–9.470 0.374

cN-factor

 cN0–1a

 cN2–3 0.452 0.50–4.079 0.452

Histological type

 Invasive ductala

 Special type 8.039 0.981–65.911 0.052

LVI

 Negativea

 Positive 4.72 1.042–21.376 0.044

Histological grade

 1–2a

 3 17.862 1.460–218.468 0.024

Radiation

 Performeda

 Not performed 0.402 1.155–30.363 0.332

Hormone receptor

 Positivea

 Negative 5.921 1.155–30.363 0.033

HER2

 Negativea

 Positive 1.367 0.301–6.205 0.685

Table 4   The factors predicting LR after PST

a  Reference category. We did not include the margin status in the 
analysis because there was no LR in margin-positive patients

Parameter LR

Hazard ratio 95 % confidence interval P

cT-factor

 cT3a

 cT4 2.037 0.271–15.332 0.49

cN-factor

 cN0–1a

 cN2–3 0.398 0.039–4.035 0.436

Clinical response

 cCRa

 Non-cCR 2.761 0.455–16.744 0.27

Histological type

 Invasive ductala

 Special type 15.595 1.446–168.227 0.024

Pathological

 pCRa

 Non-pCR 0.724 0.084–6.570 0.788

Surgical procedure

 Mastectomya

 BCS 0.834 0.115–6.071 0.858

LVI

 Negativea

 Positive 6.801 0.861–53.712 0.069

Histological grade

 1–2a

 3 41.773 2.207–790.662 0.013

pN-factor

 pN0–1a

 pN2–3 1.308 0.182–9.394 0.789

Radiation

 Performeda

 Not performed 0.705 0.052–9.629 0.793

Hormone receptor

 Positivea

 Negative 7.079 1.077–46.515 0.042

HER2

 Negativea

 Positive 1.949 0.373–10.179 0.429
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In this study, we first compared the LR rates between 
the cT3–4 and cT1–2 patients who underwent BCS after 
PST. Despite a tendency for LR to develop more often in 
the cT3–4 group, a significant difference was not observed 
between the two groups. Next, we compared the LR rates of 
cT3–4 breast cancer patients in the PST and the IS groups, 
and again found no significant differences in the LRFS 
between the two groups. The two groups did not differ sig-
nificantly in the period of follow-up, cN stage, histological 
type, lymphovascular invasion, margin status, histological 
grade, pN stage, hormone status or HER2 status. However, 
the number of patients who underwent radiation therapy 
was higher in the PST group, apparently because patients 
who underwent BCS routinely received radiotherapy. The 
age and cT stage were higher in the IS group. Furthermore, 
we compared the LR rates of patients in the BCS and mas-
tectomy subgroups, and found no significant difference in 
the LRFS between the two groups. The two groups did not 
significantly differ in the period of follow-up, cN stage, 
histological type, lymphovascular invasion, margin status 
or histological grade. However, the cT stage, histological 
grade, pN stage, hormone status, HER2 status, number of 
patients who underwent radiation therapy and clinical and 
pathological responses were significantly different between 
the two groups. The clinical and pathological CR rates 
were higher in the BCS subgroup than in the mastectomy 
subgroup in the PST cases, possibly because of the higher 
proportion of hormone negativity in the BCS subgroup, 
because hormone-negative breast cancer is reportedly more 
likely to exhibit a pathological CR [19], and because more 
downstaged patients were eventually included in the BCS 
subgroup.

However, the multivariate Cox regression analysis did 
not indicate that these post-chemotherapeutic response 
factors influenced the LR rate in the cT3–4 breast cancer 
patients in the present study. Instead, special breast cancer 
types, including metaplastic and invasive lobular breast 
cancers, hormone receptor negativity and a higher histo-
logical grade were associated with an increase in LR in 
the PST group. We believe that it is necessary to consider 
different treatment strategies for local recurrence (where a 
complete cure after treatment such as surgery may be possi-
ble) and against distant metastasis (where radical treatment 
cannot be expected to include surgical resection). There-
fore, we believe that the local recurrence rate should be one 
of the major criteria for selecting BCS after PST against 
locally advanced cT3–4 tumors in the clinical setting.

In our study, the LR rate of the PST group was compa-
rable to that of the IS group in cT3–4 patients after long-
term follow-up. In the PST group, the BCS subgroup’s LR 
rate was also comparable to that of the mastectomy sub-
group. In other words, these findings suggest that BCS 
after PST may be an alternative option to conventional 

surgery for cT3–4 breast cancer patients. In recent stud-
ies, some factors, including a younger age, pathological 
response, nodal status, lymphovascular invasion, cCR, 
higher histological grade, hormone receptor negative sta-
tus and HER2 overexpression, were considered to be pre-
dictive factors for LR in the setting of PST [14, 16]. As 
expected, hormone receptor negative status and a higher 
histological grade were predictors of LR in our study, 
whereas a younger age, lymphovascular invasion, pCR and 
the pN status were not significantly associated with LR. 
We thought that this was probably due to our small sam-
ple size. In fact, LR did not occur in patients younger than 
40 years, and this factor could not be analyzed in the mul-
tivariate analysis. The number of LR events was also small 
because of the small sample size of this study. If our sam-
ple size was larger, these factors might correlate with the 
LR. Moreover, this was a retrospective study, and its data 
might have been biased. Verification of the equivalence 
of the oncological safety would be possible only in a pro-
spective non-inferiority study. Nonetheless, it appears that 
our results indicate the possibility of oncological safety of 
BCS for cT3–4 patients from the standpoint of a retrospec-
tive comparison of the LR. Larger clinical studies in this 
field are warranted.

In conclusion, despite some limitations of this study, 
our findings indicate that BCS after PST may be oncologi-
cally acceptable for cT3–4 breast cancers in terms of the 
LR. The biological characteristics, including the histologi-
cal type, hormone receptor status and histological grade are 
predictors of the risk of LR in PST cases.
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