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Abstract

Purpose: Pathologic Complete Response (PCR) follow-
ing Neoadjuvant chemotherapy (NAC) for breast cancer has 
been associated with improved survival. The objective was 
to characterize those patients receiving NAC and analyze 
predictors of PCR. 

Patients and methods: Patients with clinical stage I-IIIC 
breast cancer who received NAC from 2004-2011 were iden-
tified from the National Cancer Database (NCDB). Multivari-
able analysis identified factors predicting PCR after NAC. 

Results: Of 49,850 patients, mean age was 53 (SD±13 
years). Ductal carcinoma comprised 78% of tumors. Clinical 
stage I, II, and III were represented in 11%, 52%, and 37% 
of patients, respectively. Estrogen receptor was expressed 
in 60% of tumors (ER+). HER2 overexpression (HER2+) was 
seen in 8% of tumors and 7% of patients had triple negative 
disease (ER-/PR-/HER2-). Multivariable analysis was per-
formed among 13,825 women with PCR data to identify sig-
nificant predictors of response to NAC. Strong predictors of 
PCR (OR>1.5) included absence of lymphovascular invasion 
(LVI), early-stage disease, and ER-/PR- status, whereas well 
and moderately differentiated tumors strongly predicted 
(OR<0.67) partial or no PCR. 

Conclusion: In a large cohort of women with breast can-
cer treated with NAC, PCR is most often seen in patients 
with hormone receptor negative, early clinical stage disease 
without LVI.
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Introduction

Neoadjuvant Chemotherapy (NAC) for breast cancer is used 
to downstage locally advanced disease to improve candidacy 
for breast conserving surgery (BCS)[1]. Although several studies 
have shown no survival benefit of NAC compared to adjuvant 
chemotherapy [1-6], achieving a pathologic complete response 
(PCR) following NAC has been associated with improved sur-

vival [1,2]. PCR has been proposed as a surrogate endpoint for 
prediction of long-term clinical benefit, including disease-free 
survival and overall survival [1-3]. While no studies have vali-
dated PCR as an endpoint for survival, the association between 
PCR and long-term outcomes is strongest in patients with triple-
negative and HER2-positive breast cancer [1]. 
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Patients are selected for NAC based on tumor histology, size, 
receptor subtype, nodal involvement, and patient age/co-mor-
bidities. There is a paucity of data in the literature identifying 
which clinicopathologic factors may predict the effectiveness 
of NAC. A recent meta-analysis of 10 randomized clinical tri-
als comparing NAC to the same chemotherapy given postop-
eratively, showed that although there is no survival difference 
between the groups, patients who had NAC had higher rates 
of loco-regional recurrence following breast conserving surgery 
[1]. In order to select patients who may benefit from NAC as 
opposed to adjuvant chemotherapy, it is important to better 
predict which patients will have a good response to NAC. The 
purpose of this study was to characterize patients receiving NAC 
and analyze predictors of PCR. Specifically, we examined clinico-
pathologic variables associated with PCR.

Methods

Patients from the National Cancer Database (NCDB) who had 
clinical stage I-IIIC invasive breast cancer and received NAC from 
2004 to 2011 were identified. Patients who were male, had 
stage IV disease, had no invasive ductal or lobular disease, no 
surgery, or missing data were excluded from analysis. Patients 
who had NAC or NAC plus adjuvant chemotherapy (AC) were 
included in the analysis. Patients were divided into four groups 
based on response to NAC: Complete Response (CR), Partial Re-
sponse (PR), No Response (NR), or unknown. 

Patient variables collected included year of diagnosis, age, 
race, histology, clinical stage, hormone receptor status, grade, 
and lymphovascular invasion. The primary outcome measure 
was clinical and pathological characteristics associated with 
PCR. 

Data are presented as frequency (percentage, %) for cate-
gorical variables and mean (±standard deviation) for numerical 
variables. Univariate associations between variables were ex-
amined with Kruskal-Wallis test, chi-square test or Fisher’s exact 
test, where appropriate. Post-hoc pairwise comparisons using 
the Bonferroni correction adjusting for inflation due to multiple 
comparisons were further performed where significant associa-
tions (p-value < 0.05) were found. Cox multivariate regression 
was performed to identify those factors predicting PCR after 
NAC. All statistical analyses were performed using SAS 9.4 (SAS 
Institute, Inc., Cary, North Carolina) and R package version 3.4.1 
with two-sided tests and a significance level of 0.05. 

Results

49,850 women with clinical stage IA through IIIC invasive duc-
tal carcinoma (IDC) or invasive lobular carcinoma (ILC) who had 
NAC with subsequent surgery and met inclusion criteria were 
identified (Figure 1). Of these 49,850 patients who had NAC, 
mean age was 53 years (SD ± 13 years). 77.3% of patients were 
white, and 17.2% were black. 77.6% of patients had IDC and 
7.4% had ILC. Most patients had clinical stage II cancer (52.2%), 
followed by stage III (37.0%) disease. Estrogen receptor was 
expressed in 59.7% of tumors (ER+), and 78% of ER+ tumors 
also expressed progesterone receptor (PR+). More specifically, 
46.8% of patients were ER/PR positive, 35.7% ER/PR negative, 
and 6.9% of patients had triple-negative breast cancer. 73.5% of 
patients did not have reported HER2 data. For the 13,231 pa-
tients with available HER2 data, 7.6% were HER2 positive, and 
19.0% were HER2 negative. The majority of patients had high 
grade disease (50.4%) (Table 1). 

Of the 49,850 patients who had NAC, 4,447 (8.9%) patients 
had a CR, 8,232 (16.5%) patients had a PR, 1,146 (2.3%) patients 
had NR, and 36,025 (72.3%) patients had unknown response 
(Figure 1). Of the 13,825 women with PCR data, multivariable 
analysis was performed to identify significant predictors of re-
sponse to NAC. Insurance status and year of treatment were 
not statistically significant and were excluded from the analysis. 
HER2+ status was excluded due to missing data. Strong predic-
tors of PCR (OR>1.5) included absence of lymphovascular in-
vasion (LVI) (OR 2.20, 95% CI 2.97, 2.47; p<0.001), early stage 
disease (Stage IB: OR 2.16, 95% CI 1.11, 4.24, p=0.024; Stage IA: 
OR1.71, 95% CI 1.38, 2.10, p<0.001), and ER- status, (ER-/PR-: 
OR 1.89, 95% CI 1.63, 2.19, p<0.001; ER-: OR 1.21, 95% CI 1.05, 
1.40, p=0.009) (Figure 2) (Table 2).

Conversely, well (OR 0.41, 95% CI 0.31, 0.55; p<0.001) and 
moderately (OR 0.55, 95% CI 0.44, 0.68; p<0.001) differenti-
ated grade strongly predicted (OR<0.57) partial or NR. Ductal 
carcinoma was associated with PCR (OR 1.31, 95% CI 1.12, 1.52; 
p=0.001), however lobular carcinoma was associated with a 
partial or NR (OR 0.69, 95% CI 0.53, 0.90; p=0.007) (Figure 2) 
(Table 2).

Figure 1: Pathological distribution of the patients

Figure 2: Predictors of Complete Response to Neoadjuvant 
Therapy
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Table 1: Clinical and Tumor Characteristics

 Neoadjuvant Chemotherapy

 (N = 49,850)

Year of Diagnosis

2006 5760 (11.6)

2007 6921 (13.9)

2008 8528 (17.1)

2009 9224 (18.5)

2010 10082 (20.2)

2011 9335 (18.7)

Age (years, mean±SD) 53 (13)

Race

White 38525 (77.3%)

Black 8599 (17.2%)

Other 2726 (5.5%)

Histology

Ductal 38708 (77.6%)

Lobular 3694 (7.4%)

Mixed Ductal/Lobular or Unknown 7448 (14.9%)

Clinical Stage

1 5371 (10.8)

2 26042 (52.2)

3 18437 (37.0)

Receptor Status

ER+PR+ 23327 (46.8)

ER-PR- 17816 (35.7)

TNBC 3463 (6.9)

HER2

Positive 3774 (7.6)

Negative 9457 (19.0)

Unknown 36619 (73.5)

Grade

Low 3926 (7.9)

Medium 16412 (32.9)

High 25136 (50.4)

Unknown 4376 (8.8)

Abbreviations: TNBC: Triple negative breast cancer

Table 2: Predictors of Complete Response

 OR (95% CI) P Value

 (N = 13,825)

Absent LVI 2.20 (1.96, 2.47) <0.001

Stage IB 2.16 (1.11, 4.24) 0.024

ER-/PR- 1.89 (1.63, 2.19) <0.001

Stage IA 1.71 (1.38, 2.10) <0.001

Ductal Carcinoma 1.31 (1.12, 1.52) 0.001

ER- 1.21 (1.05, 1.40) 0.009

Stage IIA 1.19 (1.02, 1.39) 0.029

Age 1.02 (1.01, 1.02) <0.001

Poorly differentiated 0.77 (0.63, 0.95) 0.013

Lobular Carcinoma 0.69 (0.53, 0.90) 0.007

Moderately differentiated 0.55 (0.44, 0.68) <0.001

Well differentiated 0.41 (0.31, 0.55) <0.001

Abbreviations: LVI: lymphovascular invasion

Discussion

To our knowledge, this is the largest study examining pre-
dictors of PCR among women with breast cancer treated with 
NAC. NAC was historically used to downstage locally advanced 
cancer to make inoperable tumors operable [1]. Subsequently, 
NAC was used to reduce tumor burden to allow for breast con-
serving therapy [1]. While several studies have shown no differ-
ence in survival in NAC compared to AC [1-3,7,17], patients who 
achieve PCR following NAC may have improved survival [1,2].

Single institution studies have shown excellent response rates 
for women with breast cancer following NAC [19]. Symmans et 
al. examined 381 women with BC who had NAC and reported 
patients with minimal residual disease carried the same prog-
nosis as patients with PCR, while those with extensive residual 
disease had a poor prognosis1. Liedtke et al. examined 255 pa-
tients with triple negative breast cancer (TNBC) who received 
NAC and showed a higher PCR rate, but lower 3-year disease-
free (DFS) and overall (OS) survival compared to patients with 
non-TNBC [2]. These studies demonstrated the importance of 
PCR on survival rates, but they did not look at predictors of PCR. 
Chaudry et al. evaluated 749 women with BC who achieved PCR 
after NAC and showed patients over the age of 50 or with clini-
cal stage IIIB or IIIC had increased risk of distant metastasis and 
lower overall survival [12]. While our study did not examine sur-
vival, as survival data is not available in the NCDB for analysis, 
our study similarly showed that lower clinical stage (IB and IIA) 
was a predictor of PCR following NAC. Lower stage may be pre-
dictive of PCR due to a decreased tumor volume necessary to 
respond to chemotherapy drugs in order to achieve a complete 
resolution of tumor cells.

Several large-scale studies using national databases have 
evaluated patients with breast cancer who had PCR. Barron et 
al. identified 30,281 patients with cT1-2 BC who received NAC 
from the NCDB between 2010 to 2015 and showed that 13% 
of patients with hormone-receptor positive, HER2 negative BC, 
37% of patients with triple positive BC, 37% with TNBC, and 58% 
with HER2 positive BC achieved PCR [2]. While this study de-
fined the rates of PCR in both node-positive and node-negative 
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disease, they did not analyze predictors for PCR. Puig et al. iden-
tified 171,985 patients with ER negative breast cancer from the 
NCDB between 2004-2012 and found the overall rate of PCR 
was 23.9% in the breast, 58.4% in the in the axilla, and 21.0% 
in both the breast and axilla [2]. The authors found a significant 
relationship between clinical N stage and axillary PCR, where 
axillary PCR was found in 86.1% of patients with clinically nega-
tive nodes, and 43.7% of patients with clinically positive nodes 
(p<0.001). Haque et al. examined 13,939 women from the NCDB 
between 2004 to 2014 with BC who had PCR and showed that 
molecular subtype was an independent predictor of both PCR, 
which was lowest in luminal A (0.3%) and highest in HER2 posi-
tive tumors (38.7%) [2]. This study performed a multivariable 
logistic regression analysis for factors predictive of PCR, and 
found luminal B, HER2 positive, and triple negative BC subtypes 
to be predictive of PCR. Our study similarly found TNBC to be a 
predictor of PCR, but our study did not evaluate HER2 receptor 
subtype due to the lack of reliable data. They similarly found 
increased PCR for lower clinical stage. However, their study did 
not evaluate for histology of ductal versus lobular carcinoma, 
grade, LVI, or other clinical and pathological characteristics. 

Our study includes a large sample size of 49,850 patients with 
breast cancer who had NAC. Unlike other studies published in 
the literature, our study identifies clinical predictors for NAC. 
Our results demonstrate that patients with hormone negative 
BC, early clinical stage disease, and tumors without LVI are pre-
dictors for PCR. These clinical predictors for PCR may help to 
select patients who are more likely to achieve a PCR after NAC. 
Accordingly, this may select for patients who may show a surviv-
al benefit by receiving NAC. Conversely, we show that patients 
with LVI, well differentiated tumors, and lobular carcinoma are 
less likely to achieve a PCR following NAC. These patients may 
be patients who would benefit from early surgical intervention, 
followed by adjuvant systemic therapy and/or radiation.

A limitation to the NCDB is there was only survival data avail-
able for breast cancer from 2004-2006, and survival related to 
PCR could not be analyzed. Additionally, HER2 data was exclud-
ed from analysis of predictors of NAC due to missing data. 

Conclusion

In a large cohort of women with breast cancer treated with 
NAC, PCR is most often seen in patients with hormone receptor 
negative, early clinical stage disease without LVI. Patients with 
these tumor characteristics should be strongly considered for 
NAC. Patients with well-differentiated tumors and those with 
lymphatic involvement are less likely to benefit. 
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