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Abstract: To determine easy-to-use predictors of overall survival (OS), locoregional recurrence (LRR), and distant 
metastasis (DM) in breast invasive ductal carcinoma (IDC) patients receiving neoadjuvant chemotherapy (NACT) 
and total mastectomy (TM), we used the pathologic response (PR) of primary breast diseases (T stages), nodal dis-
eases (N stages), and combined primary and nodal diseases (American Joint Committee on Cancer [AJCC] stages) 
based on existing clinical and pathologic reports as predictors. We enrolled patients with IDC who received NACT fol-
lowed by TM. Cox regression analysis was used to calculate hazard ratios (HRs) and confidence intervals (CIs) of PR; 
other independent predictors were controlled for or stratified in the analysis. We analyzed 3654 IDC patients (1031, 
1215, 1003, and 405 patients with clinical stages IIB, IIIA, IIIB, and IIIC, respectively) receiving NACT and TM. After 
multivariate Cox regression analyses, the adjusted HRs (aHRs) (95% CI) for all-cause mortality, LRR, and DM were 
noted to be 0.21 (0.13-0.34), 0.19 (0.08-0.48), and 0.33 (0.23-0.47), respectively, for pCR; 0.56 (0.48-0.65), 0.67 
(0.51-0.89), and 0.61 (0.52-0.70), respectively, for AJCC downstaging; and 1.85 (1.56-2.18), 1.17 (0.84-1.62), and 
1.61 (1.36-1.90), respectively, for AJCC upstaging. The PR parameters used in the study are easily applied because 
they are based on existing staging records, and they can strongly predict OS, LRR, and DM in IDC patients receiving 
NACT and TM, regardless of clinical stage. The results can be used to guide adjuvant treatment.
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Introduction

Systemic therapy for nonmetastatic, invasive 
ductal carcinoma (IDC) is intended to reduce 
the risk of distant failure, whereas neoadju- 
vant chemotherapy (NACT) is administered to 
downstage the primary tumor (T stage) or lym- 
ph nodes (N stage) and provide information re- 
garding treatment response after NACT. Down- 
staging the T or N stage may allow for less ex- 
tensive surgery-breast-conserving surgery in- 
stead of mastectomy-thereby improving cos-
metic outcomes, avoiding the risks associat- 
ed with breast reconstruction or axillary lymph 

node dissection, and reducing postoperative 
complications such as lymphedema [1-5]. Eva- 
luation of the response to NACT in IDC patients 
can be used to guide adjuvant treatment rec-
ommendations. The pathologic complete res- 
ponse (pCR) of residual invasive cancer after 
NACT is a strong prognostic factor of recur- 
rence [6-12]. The achievement of pCR in the 
breast (T-pCR) and regional lymph nodes (N- 
pCR) after NACT correlates with improved sur-
vival [13]. The Collaborative Trials in Neoadju- 
vant Breast Cancer pooled analysis of neoad- 
juvant breast cancer trials with mature follow-
up, with 11,955 patients, characterized the 
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relationship between pCR and long-term out-
comes [14]. Achieving pCR in the breast and 
the axilla (pCR of T stages and N stages 
[ypT0N0]) was associated with improved event-
free survival (EFS) and overall survival (OS) 
compared with achieving only T-pCR. When a 
pCR of American Joint Committee on Cancer 
(AJCC) stages (ypT0N0) was achieved, the risk 
of death was reduced [14, 15].

However, patients with hormone receptor 
(HoR)-positive breast cancers rarely achieve a 
pCR upon neoadjuvant endocrine therapy or 
NACT; therefore, the response is quantified us- 
ing indexes such as the residual cancer burden 
(RCB) index, which provides a standardized 
approach for assessing the extents of residual 
invasive disease in the tumor bed and of resid-
ual nodal involvement after NACT [16]. The RCB 
index can predict relapse-free survival at 10 
years, and patients with either pCR or minimal 
residual disease (RCB class I) have improved 
outcomes compared with the overall group of 
non-pCRs [16]. Other evaluations, such as as- 
sessing the presence and prevalence of tumor-
infiltrating lymphocytes, have been proposed 
as prognostic tools [17], but validation in clini-
cal trials is necessary. Moreover, measurement 
of the continuous RCB index depends on pa- 
thologic review by well-trained pathologists.

Therefore, in the current study, we used a sim-
ple predictive tool to estimate OS, locoregional 
recurrence (LRR), and distant metastasis (DM) 
for breast cancer patients using the pathologic 
response (PR) after NACT and total mastecto-
my (TM) of the T, N, and AJCC stages based on 
existing clinical and pathologic reports.

Patients and methods

In this study, we established an IDC cohort us- 
ing data from the Taiwan Cancer Registry Da- 
tabase (TCRD) maintained by the Collabora- 
tion Center of Health Information Application. 
We enrolled patients with an IDC diagnosis 
between January 1, 2007, and December 31, 
2015, who received NACT followed by TM. The 
follow-up duration was from the index date to 
December 31, 2016. The TCRD contains de- 
tailed cancer-related information of patients, 
including those on clinical stage (AJCC, seven- 
th edition), treatment modalities, pathologic 
data (including pathologic stage), irradiation 
doses, HoR status, human epidermal growth 

factor receptor 2 (HER2) status, and chemo-
therapy regimens used [18-26]. Our protocols 
were approved by the Institutional Review Bo- 
ard of Taipei Medical University. Patient diagno-
ses were confirmed through their pathologic 
data, and patients who received a new diagno-
sis of IDC were confirmed to have no other can-
cer. Other inclusion criteria were age ≥ 20 years 
and AJCC stage IIB-IIIC. Patients with metasta-
sis, missing sex data, age < 20 years, nonstan-
dard postmastectomy radiation therapy (PMRT) 
(standard PMRT including irradiation to both 
the chest wall and regional nodes with a mini-
mum of 50 Gy), unclear differentiation of tu- 
mor grade, unclear PR, missing HoR status, 
missing HER2 status, and unclear staging were 
excluded. 

Furthermore, we excluded patients with unclear 
NACT regimen, < 4 cycles of NACT, ill-defined 
nodal surgery, and nonrecorded hospital type 
[27] (academic center or community hospital) 
in our cohort. PR were separated into upstaging 
(increase in the clinical stage to the advanced 
pathologic stage), equal stages (clinical stage 
equal to pathologic stage), downstaging (de- 
crease in the clinical stage to earlier pathologic 
stages), and pCR (absence of residual invasive 
cancer). HoR positivity was defined as ≥ 1%  
of tumor cells demonstrating positive nuclear 
staining through immunohistochemistry [28], 
and HER2 positivity was defined as having im- 
munohistochemistry score 3+ or fluorescence 
in situ hybridization ratio ≥ 2 [27, 29]. 

Finally, we enrolled patients with IDC receiving 
NACT followed by TM and grouped them based 
on clinical AJCC stage. The index date was the 
date of breast cancer diagnosis. Comorbidities 
were assessed using the Charlson comorbidity 
index (CCI) [30, 31]. Only comorbidities obser- 
ved 6 months before the index date were in- 
cluded. Comorbidities were identified accord-
ing to the main International Classification of 
Diseases, Ninth Revision, Clinical Modification 
(ICD-9-CM) codes; disease(s) existing on first 
admission or identified more than twice during 
outpatient visits were included as comorbidi- 
ties.

After confounders were adjusted for, 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 received NACT followed by TM. In the mul-
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(0.48-0.65), 0.67 (0.51-0.89), and 0.61 (0.52-
0.70), respectively, for downstaging; and 1.85 
(1.56-2.18), 1.17 (0.84-1.62), and 1.61 (1.36-
1.90), respectively, for upstaging (Table 2). 
Multivariate Cox regression analyses indicated 
that upstaging, non-PMRT, CCI ≥ 2, poor differ-
entiation, initial AJCC clinical stages IIIA-IIIC, 
and HoR positivity were poor prognostic fac- 
tors for OS (Table 2). Well-differentiated tumor 
grade, pCR, downstaging, and HoR positivity 
were independent and good prognostic factors 
for OS. The poor prognostic factors for LRR 
were non-PMRT, AJCC clinical stages IIIA-IIIC, 
AJCC upstaging after NACT, and HER2-positive 
status (Table 2). Moreover, AJCC clinical sta- 
ges IIIA-IIIC, AJCC upstaging after NACT, poor 
differentiation, and HER2-positive status were 
independent and poor prognostic factors for 
DM. Table 3 presents the independent pre- 
dictors of all-cause mortality for patients re- 
ceiving NACT and TM, as stratified by clinical 
stage after multivariate analysis. The aHRs 
(95% CI) of pCR of AJCC stages were 0.18 
(0.05-0.58), 0.17 (0.07-0.42), 0.30 (0.15-0.63), 
and 0.13 (0.03-0.53) for all-cause mortality 
among initial clinical stages IIB, IIIA, IIIB, and 
IIIC, respectively; those of AJCC downstaging 
were 0.64 (0.42-0.96), 0.50 (0.37-0.66), 0.57 
(0.44-0.75), and 0.59 (0.42-0.83), respectively; 
and those of AJCC upstaging were 1.51 (1.03-
2.21), 1.82 (1.39-2.37), and 2.17 (1.64-2.89), 
respectively. The set of independent risk fac-
tors for all-cause mortality comprised CCI ≥ 2, 
poor differentiation, and HoR negativity in pa- 
tients with stage IIB-IIIC tumors; only adjuvant 
PMRT in patients with stage IIIA-IIIC tumors; 
and no factors in patients at stage IIB (Table 3).

Because the PR of AJCC stages were signifi- 
cant predictors for all-cause mortality, LRR, 
and DM, we estimated the effect of PR of T, N, 
and AJCC stages on all-cause mortality, LRR, 
and DM. Table 4 reveals that the PR of T and 
AJCC stages were significant predictors of all-
cause mortality, LRR, and DM-with the good, 
significant prognostic factors being pCR, T 
downstaging, and AJCC downstaging, and the 
poor, significant prognostic factors being T 
upstaging, and AJCC upstaging. However, first, 
pCR or N upstaging were significant predictors 
of all-cause mortality and DM but not LRR and 
second, N downstaging was not a statistical- 
ly significant predictor of all-cause mortality, 

tivariate analysis, hazard ratios (HRs) were ad- 
justed for the PRs of the following: AJCC sta- 
ges, initial clinical stages, age, diagnosis year, 
CCI scores, differentiation, NACT regimen, no- 
dal surgery, adjuvant PMRT, HoR status, HER2 
status, and academic hospital. Stratified analy-
ses by initial clinical stage were performed to 
evaluate the predictors of all-cause mortality. 
Multivariate analyses of all-cause mortality, 
LRR, and DM for patients receiving NACT and 
TM stratified by different PR of T stages, N sta- 
ges, or AJCC stages impact were conducted.  
All analyses were performed using SAS (ver- 
sion 9.3; SAS, Cary, NC, USA). Two-tailed P < 
0.05 was considered statistically significant.

Results

The study cohort comprised 3654 patients 
(1031, 1215, 1003, and 405 with clinical sta- 
ges IIB, IIIA, IIIB, and IIIC, respectively) (Table 
1). No significant differences were noted in  
CCI scores, tumor differentiation, and nodal 
surgery between patients with different initial  
clinical stages (Table 1). Patients at advanced 
stages (IIIB-IIIC) were more likely to be older 
adults. Clinical stage IIIC patients were more 
likely to be diagnosed in 2011-2015. More IDC 
patients with advanced stages (IIIA-C) recei- 
ved a taxane-based regimen as NACT, adju- 
vant PMRT, or NACT followed by TM in a non-
academic hospital setting. The rate of HoR 
positivity was higher among those at clinical 
stages IIB-IIIA, and that of HER2 positivity was 
higher among those at stages IIIB-IIIC. Pati- 
ents at clinical stages IIIA-IIIC had greater 
downstaging or pCR of the AJCC, T, and N stag-
es. The risks of all-cause mortality, LRR, and 
DM were significantly higher at advanced clini-
cal stages (IIIA-IIIC) than at stage IIB (Table 1).

According to the multivariate Cox regression 
analysis, the PR of AJCC stages were significant 
independent predictors of all-cause mortality, 
LRR, and DM (Table 2). pCR and downstaging 
strongly predicted a decrease, and upstaging 
strongly predicted an increase, in the risks of 
all-cause mortality, LRR, and DM. pCR of AJCC 
stages (ypT0N0) was the strongest predictor for 
decreasing all-cause mortality, LRR, and DM. 
The adjusted HRs (aHRs) (95% confidence in- 
terval [CI]) of all-cause mortality, LRR, and DM 
were 0.21 (0.13-0.34), 0.19 (0.08-0.48), and 
0.33 (0.23-0.47), respectively, for pCR; 0.56 
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Table 1. Characteristics of patients receiving neoadjuvant chemotherapy and total mastectomy strati-
fied by AJCC stage

Variable
AJCC clinical stage

pIIB
(N = 1031)

IIIA
(N = 1215)

IIIB
(N = 1003)

IIIC
(N = 405)

Age Mean (SD) 50.1 (10.1) 50.6 (10.4) 54.3 (10.6) 53.4 (11.1) 0.0426
Median (Q1, Q3) 50 (43, 57) 50 (44, 58) 54 (47, 61) 53 (46, 61)
20-49 514 (49.9%) 587 (48.3%) 330 (32.9%) 149 (36.8%) < 0.0001
50+ 517 (50.1%) 628 (51.7%) 673 (67.1%) 256 (63.2%)

Diagnosis year 2007-2010 344 (33.4%) 434 (35.7%) 380 (37.9%) 103 (25.4%) < 0.0001
2011-2015 687 (66.6%) 781 (64.3%) 623 (62.1%) 302 (74.6%)

CCI scores 0 828 (80.3%) 1000 (82.3%) 835 (83.3%) 339 (83.7%) 0.6067
1 144 (14.0%) 147 (12.1%) 114 (11.4%) 47 (11.6%)
2+ 59 (5.7%) 68 (5.6%) 54 (5.4%) 19 (4.7%)

Differentiation I 65 (6.3%) 76 (6.3%) 63 (6.3%) 16 (4.0%) 0.4723
II 549 (53.2%) 603 (49.6%) 525 (52.3%) 184 (45.4%)
III 417 (40.5%) 536 (44.1%) 415 (41.4%) 205 (50.6%)

NACT regimen Taxanes 376 (36.5%) 477 (39.3%) 346 (34.5%) 191 (47.2%) < 0.0001
Anthracycline 331 (32.1%) 303 (24.9%) 290 (28.9%) 100 (24.7%)
Both 246 (23.9%) 366 (30.1%) 320 (31.9%) 106 (26.2%)
Neither 78 (7.6%) 69 (5.7%) 47 (4.7%) 8 (2.0%)

Nodal surgery ALND 837 (81.2%) 1010 (83.1%) 827 (82.5%) 355 (87.7%) 0.0559
SLNB 194 (18.8%) 205 (16.9%) 176 (17.5%) 50 (12.3%)

Adjuvant PMRT 657 (63.7%) 954 (78.5%) 739 (73.7%) 346 (85.4%) < 0.0001
Hormone receptor positive 557 (54.0%) 638 (52.5%) 467 (46.6%) 158 (39.0%) < 0.0001
HER2 positive 328 (31.8%) 465 (38.3%) 368 (36.7%) 186 (45.9%) < 0.0001
Academic hospital Yes 663 (64.3%) 679 (55.9%) 583 (58.1%) 210 (51.9%) < 0.0001

No 368 (35.7%) 536 (44.1%) 420 (41.9%) 195 (48.1%)
Response of AJCC-stages ratio pCR 70 (6.8%) 76 (6.3%) 58 (5.8%) 27 (6.7%) < 0.0001

Downstages 416 (40.3%) 529 (43.5%) 543 (54.1%) 251 (62.0%)
Equal-stages 207 (20.1%) 359 (29.5%) 248 (24.7%) 127 (31.4%)
Upstages 338 (32.8%) 251 (20.7%) 154 (15.4%) 0 (0%)

Response of T-stages ratio T-pCR 78 (7.6%) 91 (7.5%) 61 (6.1%) 41 (10.1%) < 0.0001
Downstages 424 (41.1%) 738 (60.7%) 635 (63.3%) 234 (57.8%)
Equal-stages 444 (43.1%) 343 (28.2%) 307 (30.6%) 122 (30.1%)
Upstages 85 (8.2%) 43 (3.5%) 0 (0%) 8 (2.0%)

Response of N-stages ratio N-pCR 281 (27.3%) 336 (27.7%) 255 (25.4%) 100 (24.7%) < 0.0001
Downstages 0 (0%) 119 (9.8%) 74 (7.4%) 178 (43.9%)
Equal-stages 411 (39.9%) 382 (31.4%) 352 (35.1%) 127 (31.4%)
Upstages 339 (32.9%) 378 (31.1%) 322 (32.1%) 0 (0%)

Mean follow-up time, months (SD) 63.6 (31.0) 60.6 (30.4) 57.6 (30.5) 52.7 (28.6) < 0.0001
Death 190 (18.4%) 327 (26.9%) 339 (33.8%) 148 (36.5%) < 0.0001
Locoregional recurrence 70 (6.8%) 89 (7.3%) 88 (8.8%) 38 (9.4%) < 0.0001
Distant metastasis 228 (22.1%) 341 (28.1%) 326 (32.5%) 138 (34.1%) < 0.0001
PMRT, postmastectomy radiation therapy; T, tumor; N, nodal; NACT, neoadjuvant chemotherapy; TM, total mastectomy; HR, hormone receptor; 
HER2, human epidermal growth factor receptor 2; pCR, pathologic complete response; ALND, axillary lymph node dissection; SNLB, sentinel 
lymph node biopsy; SD, standard deviation; CCI, Charlson comorbidity index; AJCC, American Joint Committee on Cancer; ypT, postchemotherapy 
pathologic tumor stages; ypN, postchemotherapy pathologic nodal stages; IQR, interquartile range; T-pCR, pathologic complete response in the 
breast; N-pCR, pathologic complete response in regional lymph nodes.

LRR, or DM in breast cancer patients receiving 
NACT and TM (Table 4).

Figure 1A-D present the Kaplan-Meier survival 
curves for all-cause mortality, LRR-free surviv-
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Table 2. Multivariable analysis of all-cause mortality, locoregional recurrence, and distant metastasis 
for patients receiving neoadjuvant chemotherapy and total mastectomy

All-Cause Mortality LRR DM
HR (95% CI) p HR (95% CI) p HR (95% CI) p

Response of AJCC-stages ratio Equal-stages ref < 0.0001 ref < 0.0001 ref < 0.0001

pCR 0.21 (0.13-0.34) 0.19 (0.08-0.48) 0.33 (0.23-0.47)

Downstages 0.56 (0.48-0.65) 0.67 (0.51-0.89) 0.61 (0.52-0.70)

Upstages 1.85 (1.56-2.18) 1.17 (0.84-1.62) 1.61 (1.36-1.90)

AJCC stage IIB ref < 0.0001 ref 0.0017 ref < 0.0001

IIIA 1.85 (1.54-2.22) 1.15 (1.03-1.59) 1.61 (1.36-1.92)

IIIB 2.66 (2.21-3.21) 1.60 (1.15-2.22) 2.24 (1.88-2.67)

IIIC 3.76 (2.97-4.77) 2.06 (1.34-3.16) 2.91 (2.31-3.66)

Age 20-49 ref 0.9544 ref 0.2095 ref 0.1458

50+ 1.00 (0.88-1.15) 1.02 (0.86-1.09) 1.07 (0.76-1.10)

Diagnosis year 2007-2010 ref 0.7865 ref 0.4417 ref 0.3807

2011-2015 0.98 (0.86-1.13) 0.90 (0.70-1.17) 1.06 (0.93-1.21)

CCI scores 0 ref < 0.0001 ref 0.1208 ref 0.3412

1 0.89 (0.73-1.10) 1.05 (0.72-1.53) 1.08 (0.89-1.31)

2+ 1.69 (1.34-2.14) 1.03 (0.99-1.18) 1.20 (0.92-1.57)

Differentiation III ref < 0.0001 ref 0.4035 ref 0.0418

II 0.76 (0.66-0.88) 0.96 (0.81-1.13) 0.94 (0.81-1.09)

I 0.42 (0.28-0.62) 0.80 (0.64-1.29) 0.63 (0.45-0.89)

NACT regimen Anthracycline ref 0.4389 ref 0.6519 ref 0.1084

Taxanes 1.07 (0.91-1.26) 0.91 (0.67-1.24) 1.09 (0.91-1.52)

Both 1.07 (0.91-1.26) 1.11 (0.82-1.49) 1.16 (0.99-1.37)

Neither 1.24 (0.95-1.63) 1.01 (0.60-1.71) 1.26 (0.93-1.79)

Nodal surgery ALND ref 0.8862 ref 0.1204 ref 0.4326

SLNB 0.93 (0.61-1.42) 0.92 (0.24-1.09) 0.79 (0.54-1.16)

Adjuvant PMRT 0.75 (0.65-0.87) 0.0001 0.43 (0.37-0.49) < 0.0001 0.84 (0.64-1.10) 0.1991

Hormone receptor positive 0.68 (0.59-0.77) < 0.0001 1.15 (0.89-1.49) 0.2737 0.95 (0.80-1.31) 0.2451

HER2 positive 0.99 (0.87-1.13) 0.9283 1.92 (1.51-2.45) < 0.0001 1.51 (1.33-1.72) < 0.0001

Academic hospital Yes ref 0.2981 ref 0.2759 ref 0.3640

No 0.93 (0.82-1.06) 0.87 (0.68-1.12) 1.06 (0.93-1.21)
HR, hazard ratio; CI, confidence interval; PMRT, postmastectomy radiation therapy; NACT, neoadjuvant chemotherapy; 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; LRR, locoregional 
recurrence; DM, distant metastasis.

al, DM-free survival, and disease-free survival 
(DFS) for IDC patients receiving NACT and TM 
who had different PR-such as equal stages, 
upstaging, downstaging, or pCR of AJCC stag-
es. The areas under the survival curves for  
pCR and downstaging were higher compared 
with equal stages and upstages, regardless of 
all-cause mortality, LRR-free survival, DM-free 
survival, and DFS (Figure 1A-D, all P < 0.001).

Discussion

Sensitivity to NACT can be an indicator of sur-
vival because pCR is a predictor of favorable 
long-term outcomes and lower risk of recur-
rence [2, 13-16, 32]. Nevertheless, no study 
has analyzed the associations that PR of AJCC, 
T, or N stages has with LRR, DM, and all-cause 

mortality. One study reviewed pathologic slid- 
es and reports, revealing that the RCB index is 
a predictor of survival [33]. RCB was calculat- 
ed as a continuous index combining patholo- 
gic measurements of primary tumor (size and 
cellularity) and nodal metastases (number and 
size) for predicting DM-free survival [33]. The 
index score is derived from first, the largest 
area and cellularity of residual invasive primary 
cancer and second, the number of involved 
lymph nodes and size of largest metastasis 
[33]. pCR (ypT0N0) indicates no residual dis-
ease (RCB = 0), and RCB > 0 is divided into 
minimal (RCB-I), moderate (RCB-II), or exten-
sive (RCB-III) residual disease based on the 
predefined thresholds of 1.36 and 3.28 [33].  
In addition, RCB was validated as a prognos- 
tic factor for long-term DFS after NACT [16]. 
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Table 3. Multivariable analysis of all-cause mortality for patients receiving neoadjuvant chemotherapy and total mastectomy stratified by clinical 
stage

Clinical Stage IIB Clinical Stage IIIA Clinical Stage IIIB Clinical Stage IIIC
HR (95% CI) p HR (95% CI) p HR (95% CI) p HR (95% CI) p

Response of AJCC-stages ratio Equal-stages ref < 0.0001 ref < 0.0001 ref < 0.0001 ref 0.0006
ypCR 0.18 (0.05-0.58) 0.17 (0.07-0.42) 0.30 (0.15-0.63) 0.13 (0.03-0.53)
Downstages 0.64 (0.42-0.96) 0.50 (0.37-0.66) 0.57 (0.44-0.75) 0.59 (0.42-0.83)
Upstages 1.51 (1.03-2.21) 1.82 (1.39-2.37) 2.17 (1.64-2.89) -

Age 20-49 ref 0.7656 ref 0.4405 ref 0.3858 ref 0.6774
50+ 1.05 (0.77-1.43) 0.91 (0.72-1.15) 1.12 (0.87-1.43) 0.92 (0.64-1.34)

diagnosis year 2007-2010 ref 0.7036 ref 0.5551 ref 0.4552 ref 0.5093
2011-2015 1.06 (0.77-1.47) 0.93 (0.73-1.18) 0.91 (0.72-1.16) 1.14 (0.77-1.69)

CCI Scores 0 ref 0.0389 ref 0.0036 ref 0.0430 ref 0.0388
1 0.98 (0.63-1.54) 0.71 (0.49-1.05) 1.11 (0.79-1.57) 0.79 (0.44-1.41)
2+ 1.11 (1.02-1.57) 1.74 (1.16-2.62) 1.68 (1.12-2.52) 1.07 (1.01-1.76)

Differentiation III ref 0.0408 ref 0.0004 ref 0.0340 ref 0.0296
II 0.78 (0.56-0.99) 0.72 (0.56-0.93) 0.76 (0.59-0.97) 0.83 (0.56-0.92)
I 0.66 (0.31-0.94) 0.19 (0.08-0.46) 0.58 (0.32-0.94) 0.49 (0.33-0.98)

NACT regimen Anthracycline ref 0.1138 ref 0.9713 ref 0.4014 ref 0.6776
Taxanes 1.39 (0.97-1.98) 1.08 (0.80-1.45) 0.95 (0.71-1.28) 0.96 (0.63-1.47)
Both 0.92 (0.62-1.38) 1.04 (0.78-1.39) 1.14 (0.87-1.49) 1.15 (0.72-1.86)
Neither 1.40 (0.83-2.35) 1.05 (0.66-1.65) 1.37 (0.82-2.28) 1.53 (0.58-4.01)

Nodal surgery ALND ref 0.9488 ref 0.5288 ref 0.6781 ref 0.4133
SLNB 1.09 (0.53-2.24) 0.88 (0.41-1.88) 0.65 (0.23-1.80) 1.11 (0.32-1.83)

Adjuvant PMRT No ref 0.8612 ref < 0.0001 ref 0.0136 ref 0.0227
Yes 0.97 (0.70-1.35) 0.57 (0.44-0.74) 0.82 (0.65-0.93) 0.67 (0.43-0.95)

Hormone receptors positive No ref 0.0459 ref < 0.0001 ref 0.0128 ref 0.0010
Yes 0.75 (0.55-0.92) 0.61 (0.48-0.77) 0.74 (0.59-0.94) 0.54 (0.37-0.78)

HER2 positive No ref 0.6962 ref 0.4107 ref 0.8489 ref 0.1361
Yes 1.07 (0.77-1.47) 1.10 (0.88-1.38) 1.02 (0.81-1.28) 1.02 (0.49-1.08)

Academic Hospitals Yes ref 0.6800 ref 0.0714 ref 0.2342 ref 0.2775
No 1.07 (0.78-1.46) 0.80 (0.64-1.02) 0.87 (0.69-1.10) 1.21 (0.86-1.71)

HR, hazard ratio; CI, confidence interval; PMRT, postmastectomy radiation therapy; NACT, neoadjuvant chemotherapy; 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.
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Table 4. Multivariable analysis of all-cause mortality, locoregional recurrence, and distant metasta-
sis for patients receiving neoadjuvant chemotherapy and total mastectomy stratified by pathologic 
response ratio of T, N, or AJCC stage

All-cause mortality LRR DM
HR (95% CI) p HR (95% CI) p HR (95% CI) p

Response of T-stages ratio Equal-stage ref < 0.0001 ref < 0.0001 ref < 0.0001

T pCR 0.37 (0.24-0.55) 0.27 (0.13-0.57) 0.49 (0.35-0.70)

Downstages 0.68 (0.60-0.78) 0.58 (0.45-0.75) 0.82 (0.72-0.94)

Upstages 1.53 (1.13-2.07) 1.08 (1.02-1.91) 1.49 (1.09-2.03)

Response of N-stages ratio Equal-stage ref < 0.0001 ref 0.2379 ref < 0.0001

N pCR 0.60 (0.49-0.73) 0.80 (0.56-1.14) 0.65 (0.54-0.78)

Downstages 0.86 (0.69-1.08) 0.93 (0.61-1.43) 0.85 (0.68-1.07)

Upstages 1.53 (1.32-1.78) 1.17 (0.88-1.56) 1.63 (1.40-1.90)

Response of AJCC-stages ratio Equal-stage ref < 0.0001 ref < 0.0001 ref < 0.0001

pCR 0.21 (0.13-0.34) 0.19 (0.08-0.48) 0.33 (0.23-0.47)

Downstages 0.56 (0.48-0.65) 0.67 (0.51-0.89) 0.61 (0.52-0.70)

Upstages 1.85 (1.56-2.18) 1.17 (0.84-1.62) 1.61 (1.36-1.90)
HR, hazard ratio; CI, confidence interval; AJCC, American Joint Committee on Cancer; LRR, locoregional recurrence; DM, distant metastasis; T-stages, primary breast 
diseases; N-stages, nodal diseases; T, tumor; N, nodal. All variables presented in Tables 1 and 2 were used in this multivariate analysis.

Figure 1. Kaplan-Meier survival curves of (A) overall survival (B) locoregional recurrence-free survival, (C) distant 
metastasis-free survival, and (D) disease-free survival in patients receiving neoadjuvant chemotherapy and total 
mastectomy stratified by pathologic response of AJCC stages.

However, RCB calculation is complicated and 
highly dependent on the judgment of well-train- 

ed pathologists [33], precluding its widespread 
use in the assessment of post-NACT PR in 
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breast cancer patients. Clinical and pathologic 
AJCC, T, or N stages have long been used to 
stage breast cancer. The AJCC stages recorded 
in TCRD were richly descriptive and of high 
quality. Consequently, it is more convenient to 
use the commonly used staging systems-such 
as clinical and pathologic AJCC, T, or N stages-
to predict the outcomes of OS, LRR, or DM. 
Moreover, RCB is a predictor of DFS but not  
OS, LRR, or DM [16, 33]. In the current study, 
we used the staging reports of 3654 IDC pa- 
tients receiving NACT and TM based on the 7th 
edition of the AJCC stages, and we separated 
the initial clinical and pathologic stages into  
different PRs: upstaging, no change, downstag-
ing, and pCR based on T, N, and AJCC stages. 
The PRs were estimated to predict OS, LRR, or 
DM.

Clinical stages IIB-IIIC demonstrated different 
characteristic distributions (Table 1). The 
T-pCR, N-pCR, and AJCC pCR were 7.42%, 
26.60%, and 6.32%, respectively. Our study is 
the largest and the first to demonstrate the 
effect of PR on survival outcomes in IDC pa- 
tients receiving NACT and TM. The patients in 
advanced clinical stages (IIIB-IIIC) had better 
PR (pCR and downstaging) than did those with 
the disease at stages IIB-IIIA (Table 1). Ad- 
vanced clinical stage with better PR (pCR and 
downstaging) predicted good OS, but advanc- 
ed clinical stage itself predicted poor OS (Table 
2). To resolve this contradiction, clinical stages 
and PR were stratified to clarify the effect of  
PR on OS in IDC patients (Table 3).

The independent predictors for all-cause mor-
tality were PR, clinical stages, tumor differenti-
ation, CCI ≥ 2, adjuvant PMRT, and HoR posi- 
tivity; those for LRR were PR, clinical stages, 
adjuvant PMRT, and HER2 positivity; and tho- 
se for DM were PR, tumor differentiation, and 
HER2 positivity (Table 2). Previous studies ha- 
ve also found that adjuvant PMRT is an inde-
pendent and good prognostic factor for LRR 
[6-12]. Poor differentiation, CCI ≥ 2, and HoR 
negativity were found to be poor prognostic  
factors for OS. No study has demonstrated that 
poor differentiation, CCI ≥ 2, and HoR negativi-
ty are poor prognostic factors for breast cancer 
after NACT and TM, but studies have noted high 
CCI score [34], HoR negativity [35], and poor 
tumor differentiation [36-38] to be poor prog-
nostic factors for OS, DM, or LRR in patients 

with breast cancer who received various treat-
ments. In addition, our data indicated that 
HER2 positivity was a poor prognostic factor for 
LRR and that poor differentiation and HER2 
positivity were high risk factors for DM-similar 
to previous studies using different treatments 
for breast cancer [36, 37, 39, 40]. Thus, poor 
differentiation was a poor prognostic factor for 
OS and DM; HER2 positivity was a poor prog-
nostic factor for LRR and DM; and CCI ≥ 2 and 
HoR negativity were poor prognostic factors for 
OS. In addition to PR, poor differentiation, CCI ≥ 
2, and HER2 positivity were poor prognostic 
factors for survival. In our study, anthracycline- 
or taxane-based NACT regimens was not as a 
significant predictor of survival, similar to the 
results of a meta-analysis involving 1695 pa- 
tients in nine trials [41]. Clinical stages before 
NACT and PR, such as pCR, were independent 
predictors of survival, consistent with previous 
studies [42-44]. For patients receiving NACT, 
pCR is associated with increased DFS [42-44]. 
In preliminary results of a patient-level meta-
analysis of 52 studies including 28,000 pa- 
tients treated with NACT for breast cancer, 
achieving pCR was associated with better EFS 
and OS [45]. Nevertheless, no studies have re- 
ported on the association of the degree of PR 
(pCR, downstaging, no change, and upstaging) 
among OS, LRR, and DM in IDC patients receiv-
ing NACT and TM. Our study is the first to use a 
large cohort to estimate survival and outcome 
parameters by using existing, widely used clini-
cal and pathologic staging records in the TCRD 
on IDC patients receiving NACT and TM.

We stratified patients by clinical stage, and 
found that PR was still a strong predictor of  
OS in all initial clinical stages (IIB, IIIA, IIIB, and 
IIIC). pCR and AJCC downstaging were good 
prognostic factors for OS; and AJCC upstaging 
was a poor prognostic factor for OS irrespec- 
tive of the clinical stage. Our outcomes indicate 
that administering precision medicine with cus-
tomized NACT regimens to specific breast pa- 
tients is critical [46, 47]. For example, in pati- 
ents with higher-risk triple-negative breast can-
cer, the addition of carboplatin to the weekly 
paclitaxel component of standard NACT sub-
stantially increases the pCR rate [46, 47]. The 
PR effectively predicts survival outcomes for 
breast cancer patients receiving NACT and TM 
regardless of clinical stage. Moderate to well-
differentiated tumors, CCI ≥ 2, and HoR posi- 



PR as predictors for breast cancer after NACT

3423	 Am J Cancer Res 2020;10(10):3415-3427

tivity were also significant predictors of OS at 
different clinical stages. Consistent with this 
result, in previous studies, high CCI score [34], 
HoR negativity [35], and poor tumor differentia-
tion [36-38] were poor prognostic factors of  
OS in patients with breast cancer. Adjuvant 
PMRT was an independent, significant, and 
good prognostic factor for OS at clinical sta- 
ges IIIA-IIIC but not IIB. Our outcomes are com-
patible with those of studies demonstrating 
that PMRT first, significantly benefits breast 
cancer patients who present with the disease 
at clinical stage III and second, does not affect 
the 10-year rates of LRR in patients with the 
disease at clinical stage I or II after NACT [6, 
11]. In the absence of prospective data to gui- 
de our approach to patients with changes in 
AJCC stages after NACT, physicians should 
treat patients presenting with the disease at 
clinical stage III with PMRT (regardless of PR)  
or even pCR [6, 8-11]. For patients presenting 
with stage II disease, we evaluated pretreat-
ment risk factors (HoR status, HER2 status, 
and tumor differentiation) and the patient’s PR 
to NACT; per our findings, we recommend that 
PMRT may be omitted in some patients who 
have pCR or AJCC downstaging, whereas we 
recommend adjuvant PMRT for patients with 
stage III disease.

Physicians treated patients with any degree of 
residual nodal (without N-pCR) disease after 
NACT with PMRT based on retrospective evi-
dence, which suggested a higher rate of recur-
rence in such patients [48]. Physicians also 
offer adjuvant PMRT to patients with RCB (with-
out T-pCR), although the threshold to omit ad- 
juvant PMRT in such patients without T-pCR is 
lower than that for patients without N-pCR [49]. 
The survival effects of residual primary breast 
and residual nodal status after NACT and TM 
are different [48]. Therefore, we estimated the 
effect of the PRs of primary breast diseases  
(T stages), nodal diseases (N stages), or com-
bined primary and nodal disease (AJCC stages) 
on OS, LRR, and DM in breast cancer patients 
receiving NACT and TM (Table 4). We found th- 
at first, changes in both AJCC and T stages 
were strong predictors for OS, LRR, and DM  
and second,changes in N stages were not sig-
nificant for LRR. pCR or N upstaging were str- 
ong predictors for OS and DM but not LRR 
(Table 4). These findings may be reasonable 
because nodal stages in breast cancer were 

more associated with the risk of DM than of 
LRR [50]. Our study is the first to reveal that  
the predictive value of N downstaging was  
nonsignificant for OS, LRR, or DM. 

The strength of our study is that it is the first 
study, using a large cohort, to estimate the 
effect of changes in AJCC, T, and N stages on 
OS, LRR, and DM in IDC patients receiving 
NACT and TM. The treatment of regimens of 
NACT was relatively homogenous in our study. 
No study has estimated the influence of PR on 
treatment outcomes in breast cancer patients 
receiving NACT and TM, and all predictors in our 
study, including clinical stages, were stratified. 
In our cohort, the poor prognostic factors of OS 
were no PMRT, advanced clinical stages IIIA- 
IIIC before NACT, poorly differentiated tumors, 
CCI ≥ 2, HoR negativity, and HER2 positivity. 
Our simple tool using existing AJCC clinical and 
pathologic staging records as PR is more con-
venient than using the RCB index, which re- 
quires well-trained pathologists [33]. Our find-
ings can thus be easily used to guide adjuvant 
treatment recommendations. pCR, downstage, 
equal stages, and AJCC upstaging were signi- 
ficant predictors of all-cause mortality (P < 
0.001), LRR-free survival (P = 0.0002), DM- 
free survival (P < 0.001), and DFS (P < 0.001). 
Future studies should determine the optimal 
NACT regimens to maximize the PR in breast 
cancer patients [46, 47]. For AJCC upstaging  
in IDC patients receiving NACT and TM, adju-
vant chemotherapy is strongly suggested be- 
cause of the high risk of death, LRR, and DM.

Our study has some limitations. First, our co- 
hort was derived from an Asian population. 
Thus, extrapolation of our results to non-Asian 
populations should be done with caution. How- 
ever, evidence has not indicated any differen- 
ce in PR between Asian and non-Asian breast 
cancer patients receiving NACT and TM. Se- 
cond, the diagnoses of all comorbid conditions 
were based on ICD-9-CM codes. Neverthe- 
less, the Taiwan Cancer Registry Administra- 
tion randomly reviews charts and interviews 
patients to verify the diagnoses’ accuracy, and 
hospitals with outlier charges or practices may 
be audited and, if malpractice or discrepancies 
are identified, heavily penalized. Third, to pre-
vent the creation of too many subgroups, we 
did not stratify patients by NACT regimen. Thus, 
the effects of different NACT treatments rema- 
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in unclear. However, each patient received four 
cycles of NACT. Accordingly, to obtain crucial 
information on population specificity and dis-
ease occurrence, a large-scale randomized trial 
comparing carefully selected patients who are 
undergoing suitable treatments across ethnici-
ties 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. How- 
ever, considering the magnitude and statisti- 
cal significance of the observed effects in this 
study, these limitations are unlikely to affect 
the conclusions.

Conclusions

PR (changes in T, N, and AJCC stage) can be 
easily used as a predictive tool for OS, LRR, and 
DM in IDC patients receiving NACT and TM, 
regardless of the clinical stage.
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