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Abstract
Introduction Neoadjuvant chemotherapy (NAC) is a well-established therapeutic option for patients with locally advanced 
disease often allowing downstaging and facilitation of breast conserving therapy. With evolution of better targeted treat-
ment regimens and awareness of improved outcomes for significant responders, use of NAC has expanded particularly for 
triple negative and HER2-positive (HER2+) breast cancer. In this study, we explore utility of neoadjuvant chemotherapy 
for hormone receptor-positive HER2-negative (HR+ HER2−) patients.
Methods Patients with HR+ HER2− breast cancer treated with chemotherapy before or after surgery were identified from 
2010 to 2015 in the NCDB. Multivariable regression models adjusted for covariates were used to determine associations 
within these groups.
Results Among 134,574 patients (clinical stage 2A, 64%; 2B, 21%; 3, 15%), 105,324 (78%) had adjuvant chemotherapy 
(AC) and 29,250 (22%) received NAC. Use of NAC increased over time (2010–2015; 13.2–19.4% and PR = 1.34 for 2015; 
p < 0.0001). Patients were more likely to receive NAC with cT3, cT4, and cN+ disease. Patients less likely to receive NAC 
were age ≥ 50, lobular carcinoma, increased Charlson-Deyo score, and government insurance. Complete response (pCR) was 
noted in 8.3% of NAC patients. Axillary downstaging occurred in 21% of patients, and predictors included age < 50 years, 
black race, poorly differentiated grade, invasive ductal histology, and either ER or PR negativity.
Conclusions NAC use among HR+ HER2− breast cancer patients has expanded over time and offers downstaging of disease 
for some patients, with pCR seen in only a small subset, but downstaging of the axilla in 21%. Further analysis is warranted 
to determine the subgroup of patients with HR+ HER2− disease who benefit from this approach.
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Background

Historically, neoadjuvant chemotherapy (NAC) has been 
used to downstage locally advanced breast cancer, which by 
definition involves the skin, chest wall, or multiple axillary 
lymph nodes [1]. Subsequent studies have found similar out-
comes in recurrence and survival for treatment of operable 
breast cancer in the neoadjuvant versus the adjuvant setting 
[2, 3]. These findings paved the way for NAC use in multiple 
settings: downstaging larger tumors and facilitating breast 

conservation therapy (BCT) [2, 4], downstaging the axilla 
to avoid axillary lymph node dissection (ALND) [5–7], 
allowing for response monitoring and potential switch to a 
non-cross-resistant regimen in non-responders [8–10], and 
expediting approval of new drugs using pathologic complete 
response (pCR) as an endpoint [11, 12].

Hormone receptor-positive breast cancer is the most 
common molecular subtype, comprising 70–80% of 
all breast cancer diagnoses [13].  It is recognized that 
HR+ HER2− tumors are less likely to achieve pCR with 
NAC than other biologic subtypes [4, 6]. Triple negative 
breast cancer (TNBC) and HER2+ breast cancer have higher 
rates of pCR, on the order of 30–60% with chemotherapy 
and HER2 receptor blocking agents, versus less than 20% 
of those with HR-positive disease [14]. With evolution of 
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better targeted treatment regimens, particularly for TNBC 
and HER2+ cancers, NAC use has expanded in these sub-
types [15].

For patients with early-stage HR+ HER2− tumors, pri-
mary surgery rather than NAC is more common given that 
those patients are likely to have overall better prognosis than 
other phenotypes, significant response to endocrine therapy, 
and typically poor response to chemotherapy. In treating 
hormone receptor-positive breast cancer NAC is being 
offered increasingly with the hopes of improving the rates 
of tumor downsizing and less extensive surgery. However, 
there is a paucity of large population data in the national 
setting as to demographics, practice patterns, and outcomes 
for this specific population. We aim to clarify the demo-
graphic and clinicopathologic factors that predict choice of 
NAC versus adjuvant chemotherapy (AC) for treatment in 
HR+ HER2− breast cancer.

Methods

We identified the cohort of women from NCDB diagnosed 
with HR+ HER2− breast cancer from 2010 to 2015 based on 
corresponding variables in the Collaborative Stage Coding 
Manual. The NCDB is a joint project of the Commission 
on Cancer of the American College of Surgeons and the 
American Cancer Society. It is a clinical oncology database 
sourced from hospital registry data that are collected in 
more than 1500 Commission on Cancer-accredited facili-
ties. NCDB data are used to analyze and track patients with 
malignant neoplastic diseases, their treatments, and out-
comes, and represent more than 70% of newly diagnosed 
cancer cases nationwide and more than 34 million historical 
records. 2010 was chosen as the start date for our study as it 
was the first year that the NCDB collected HER2 status data. 
We used the surgical procedure of the primary site code to 
stratify patients who did and did not receive surgical treat-
ment. Only patients with both chemotherapy and surgery 
completed at the primary site within 8 months of diagnosis 
were included in the analysis. Patients who received chemo-
therapy before surgery were identified as NAC patients and 
those who had chemotherapy within 6 months of surgery 
were identified as AC patients. We restricted our cohort 
to only include clinical stage 2A, 2B and 3 patients and 
excluded missing pathologic T or N stage, path Tx or Nx 
and DCIS.

Potentially relevant demographic variables included age, 
race, insurance type, median household income, Charlson-
Deyo comorbidity score, and year of diagnosis. Tumor-level 
variables included size, histology, grade and regional nodal 
involvement, and facility-level variables included distance 
from medical facility, facility type, and facility location. 
Clinical TNM was used for staging prior to treatment and in 

more modern cases positive node status may have been veri-
fied by axillary lymph node core needle biopsy. Pathologic 
TNM was used for determination of pCR.

Multiple imputation with chained equations, via IVEware 
software [16], was used to handle missing data in prognostic 
covariates. The imputation process loops through every vari-
able containing missing values, where missing values were 
imputed using regression models conditional on all other 
variables. Ten imputed datasets were generated through ten 
repetitions. This method is superior to alternatives (complete 
case or missing data indicator methods) as far as analytic 
bias is concerned, under the assumption that data are miss-
ing at random [17]. The subsequent analyses were performed 
on each of the ten imputed datasets and resulting effect esti-
mates and their corresponding 95% confidence intervals 
were appropriately combined using the MIANALYZE pro-
cedure in SAS.

Baseline prognostic variables were summarized within 
each treatment group as N (%).Separate multivariable Pois-
son regression models with a robust error variance were used 
to estimate adjusted prevalence ratios (PRs) and 95% confi-
dence intervals (CIs) of factors related to utilization of NAC, 
in-breast pCR, and axillary downstaging within the NAC 
cohort, adjusting for variables outlined in the prognostic 
variables section. We chose PR over odds ratio as the latter 
tends to overestimate the strength of the association [18, 19].

Results

The baseline characteristics of NAC and AC cohorts are 
summarized in Table 1. Of the 134,574 eligible patients that 
received chemotherapy during the study period, 105,324 
(78.3%) received AC and 29,339 (21.7%) received NAC. 
The use of NAC steadily increased over the study period 
from 19.7% in 2010 to 24.2% in 2015, an absolute increase 
of 4.5% (PR = 1.34, 95% CI 1.30, 1.38, for 2015 compared 
to 2010).

NAC use increased with clinical T stage three or four and 
with node positivity. Increasing clinical stage likewise had 
a positive association with NAC use. Other baseline tumor-
related characteristics associated with increased NAC use 
include poorly differentiated tumors, either estrogen receptor 
(ER) or progesterone receptor (PR) negativity and invasive 
ductal histology. Baseline patient-related characteristics 
associated with increased NAC use include Black or His-
panic race, and Charlson score of 0, while age ≥ 50 years, 
median household income of < $38,000, and government 
insurance (i.e., Medicare and Medicaid) indicated decreased 
NAC use. Facility-related characteristics associated with 
increased NAC use include treatment at an academic or 
integrated facility and treatment at a facility in the central 
or western US.
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Table 1  Associations between baseline characteristics and receipt of neoadjuvant therapy, N = 134,574

Characteristic Surgery first N = 105,324
N (%)

Neoadjuvant N = 29,250
N (%)

Multivariable prevalence 
 ratio† (95% CI)

p-value

Age (years)
  < 50 23,261 (22.1) 10,623 (36.3) Ref.
  ≥ 50 82,063 (77.9) 18,627 (63.7) 0.74 (0.72, 0.75) < 0.0001*
 Mean (SD) 60.55 (13.00) 54.65 (12.67)

Race
 White 83,672 (79.4) 21,556 (73.7) Ref.
 Black 11,040 (10.5) 4085 (14.0) 1.07 (1.05, 1.10) < 0.0001*
 Hispanic 5894 (5.6) 2193 (7.5) 1.09 (1.05, 1.13) < 0.0001*
 Asia/other 4718 (4.5) 1416 (4.8) 1.02 (0.98, 1.07) 0.2742

Insurance
 Private 55,614 (52.8) 18,152 (62.1) Ref
 Not-insured 2216 (2.1) 1033 (3.5) 1.02 (0.97, 1.07) 0.5295
 Government 47,494 (45.1) 10,065 (34.4) 0.80 (0.79, 0.82) < 0.0001*

Facility type
 Community 10,457 (9.9) 2498 (8.5) Ref.
 Comprehensive 51,323 (48.7) 12,881 (44.0) 1.06 (1.03, 1.11) 0.0012
 Academic 31,808 (30.2) 9955 (34.0) 1.19 (1.15, 1.24) < 0.0001*
 Integrated 11,736 (11.1) 3916 (13.4) 1.29 (1.23, 1.35) < 0.0001*

Facility location
 East 45,226 (42.9) 12,045 (41.2) Ref.
 Central 42,307 (40.2) 12,378 (42.3) 1.11 (1.09, 1.13) < 0.0001*
 West 17,791 (16.9) 4827 (16.5) 1.03 (1.00, 1.06) 0.0288*

Residence location
 Metropolitan 90,268 (85.7) 25,471 (87.1) Ref.
 Urban 13,383 (12.7) 3326 (11.4) 0.97 (0.94, 1.00) 0.0823
 Rural 1673 (1.6) 453 (1.5) 1.05 (0.98, 1.13) 0.1783

Median household income
  < $38,000 15,783 (15.0) 4451 (15.2) Ref
 $38,000–$47,999 22,440 (21.3) 6214 (21.2) 1.04 (1.01, 1.08) 0.0148*
 $48,000–$62,999 28,418 (27.0) 8004 (27.4) 1.05 (1.02, 1.09) 0.0031*
  ≥ $63,000 38,683 (36.7) 10,581 (36.2) 1.04 (1, 1.08) 0.0410*

No high school pct
  ≥ 21% 15,308 (14.5) 4544 (15.5) Ref.
 13.0–20.9% 24,969 (23.7) 7193 (24.6) 0.99 (0.96, 1.02) 0.3565
 7.0–12.9% 35,184 (33.4) 9633 (32.9) 0.98 (0.94, 1.01) 0.1560
  < 7.0% 29,863 (28.4) 7880 (26.9) 0.95 (0.92, 0.99) 0.0152*

CDCC score
 0 85,673 (81.3) 25,277 (86.4) Ref.
 1 15,848 (15.0) 3287 (11.2) 0.85 (0.82, 0.87) < 0.0001*
  ≥ 2 3803 (3.6) 686 (2.3) 0.79 (0.74, 0.84) < 0.0001*

Year of diagnosis
 2010 15,781 (15.0) 3871 (13.2) Ref
 2011 16,850 (16.0) 4511 (15.4) 1.09 (1.05, 1.12) < 0.0001*
 2012 17,819 (16.9) 4676 (16.0) 1.09 (1.06, 1.13) < 0.0001*
 2013 18,858 (17.9) 5021 (17.2) 1.14 (1.1, 1.18) < 0.0001*
 2014 18,210 (17.3) 5494 (18.8) 1.29 (1.25, 1.33) < 0.0001*
 2015 17,806 (16.9) 5677 (19.4) 1.34 (1.30, 1.38) < .0001*

Grade
 WD 17,910 (17.0) 3505 (12.0) Ref
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Factors predicting pCR and axillary downstaging 
for NAC patients

Of the 29,250 patients that received NAC, 2401 (8.3%) 
patients achieved a pCR (Table 2). We defined pCR as ypT0 
N0. pCR rates likewise increased over the study period from 
6.3% in 2010 to 9.7% in 2015, an absolute increase of 3.4% 
(PR = 1.34, 95% CI 1.17, 1.53, for 2015 compared to 2010). 
pCR decreased with clinical T stage but increased with clini-
cal N stage. Patients were more likely to achieve pCR if they 
were Black or Hispanic, resided in an urban location, had a 

poorly differentiated tumor, had invasive ductal histology, 
and had ER or PR negativity. Patients ≥ 50 years old or of 
Asian race were less likely to have a pCR.

Clinically node-positive patients receiving NAC con-
verted to pathologically node negative 21% of the time 
(Table  3). Predictors of axillary downstaging include 
age < 50  years, black race, poorly differentiated grade, 
invasive ductal histology, and either ER or PR negativity 
(Table 4).

Overall 39.3% of patients underwent BCT and 60.7% had 
mastectomy. Of patients that had AC 29.4% had BCT, while 

CI confidence interval, Ref reference
*p-value < 0.05
† Prevalence ratios (95% Confidence Intervals and p-values) computed from multivariable Poisson regression model with robust error variance 
adjusted for all covariates except surgical variables shown in table

Table 1  (continued)

Characteristic Surgery first N = 105,324
N (%)

Neoadjuvant N = 29,250
N (%)

Multivariable prevalence 
 ratio† (95% CI)

p-value

 MD 56,692 (53.8) 14,270 (48.8) 1.02 (0.99, 1.05) 0.2025
 PD/undifferentiated 30,722 (29.2) 11,475 (39.2) 1.08 (1.04, 1.12) < 0.0001*

Histology
 IDC 70,999 (67.4) 21,397 (73.2) Ref
 ILC 17,472 (16.6) 3718 (12.7) 0.79 (0.76, 0.81) < 0.0001*
 Mix 11,935 (11.3) 2705 (9.2) 0.82 (0.81, 0.87) < 0.0001*
 Other 4918 (4.7) 1430 (4.9) 0.93 (0.89, 0.97) 0.0003*

HR status
 ER + PR + 91,313 (86.7) 22,771 (77.8) Ref
 ER + PR- 12,834 (12.2) 5485 (18.8) 1.33 (1.30, 1.36)  < 0.0001*
 ER- PR + 1177 (1.1) 994 (3.4) 1.73 (1.66, 1.82) < 0.0001*

Clinical T stage
 cT1 13,245 (12.6) 2574 (8.8) Ref.
 cT2 82,054 (77.9) 15,118 (51.7) 1.09 (1.05, 1.14) < 0.0001*
 cT3 8413 (8.0) 7221 (24.7) 1.84 (1.74, 1.94) < 0.0001*
 cT4 1612 (1.5) 4337 (14.8) 2.74 (2.59, 2.89) < 0.0001*

Clinical N stage
 cN0 73,078 (69.4) 10,279 (35.1) Ref.
 cN1 27,148 (25.8) 14,876 (50.9) 1.7 (1.65, 1.75) < 0.0001*
 cN2 3714 (3.5) 2670 (9.1) 1.56 (1.49, 1.63) < 0.0001*
 cN3 1384 (1.3) 1425 (4.9) 1.66 (1.58, 1.74) < 0.0001*

Clinical stage
 2A 77,688 (73.8) 8930 (30.5) Ref
 2B 18,514 (17.6) 9130 (31.2) 2.00 (1.93, 2.07) < 0.0001*
 3 9122 (8.7) 11,190 (38.3) 2.11 (2.00, 2.23) < 0.0001*

Surgery type
 BCS 44,085 (41.9) 8834 (30.2) –
 Mastectomy 61,239 (58.1) 20,416 (69.8) –

Lymph node surgery
 None 887 (0.8) 464 (1.6) –
 SLNB 57,716 (54.8) 11,494 (39.3) –
 ALND 46,721 (44.4) 17,292 (59.1) –
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Table 2  Factors impacting 
pathologic complete response 
(pCR) for patients receiving 
neoadjuvant therapy,N = 29,250 
(pCR defined as ypT0

Characteristic No pCR 
N = 26,849, 
91.7%
N (%)

pCR N = 2401, 8.3%
N (%)

Multivariable preva-
lence  ratio† (95% CI)

p-value

Age (years)
  < 50 9463 (35.2) 1160 (48.3) Ref.
  ≥ 50 17,386 (64.8) 1241 (51.7) 0.7 (0.65, 0.76) < 0.0001*

Race
 White 19,923 (74.2) 1633 (68.0) Ref.
 Black 3620 (13.5) 465 (19.4) 1.15 (1.04, 1.27) 0.0080*
 Hispanic 1985 (7.4) 208 (8.7) 1.15 (1.01, 1.33) 0.0415*
 Asia/other 1321 (4.9) 95 (4.0) 0.78 (0.64, 0.95) 0.0155*

Insurance
 Private 16,459 (61.3) 1693 (70.5) Ref.
 Not-insured 947 (3.5) 86 (3.6) 0.82 (0.67, 1) 0.0505
 Government 9443 (35.2) 622 (25.9) 0.8 (0.73, 0.88)  < .0001*

Facility type
 Community 2308 (8.6) 190 (7.9) Ref.
 Comprehensive 11,826 (44.0) 1055 (43.9) 1.03 (0.88, 1.21) 0.6887
 Academic 9123 (34.0) 832 (34.7) 1.07 (0.91, 1.27) 0.3931
 Integrated 3592 (13.4) 324 (13.5) 1.08 (0.9, 1.3) 0.3805

Facility location
 East 11,059 (41.2) 986 (41.1) Ref.
 Central 11,330 (42.2) 1048 (43.6) 1.07 (0.98, 1.15) 0.1173
 West 4460 (16.6) 367 (15.3) 1.03 (0.91, 1.16) 0.6471

Residence location
 Metropolitan 23,395 (87.1) 2076 (86.5) Ref.
 Urban 3036 (11.3) 290 (12.1) 1.17 (1.03, 1.32) 0.0121*
 Rural 418 (1.6) 35 (1.5) 1.1 (0.81, 1.5) 0.5492

Median household income
  < $38,000 4087 (15.2) 364 (15.2) Ref.
 $38,000-$47,999 5701 (21.2) 513 (21.4) 0.99 (0.87, 1.13) 0.9095
 $48,000-$62,999 7345 (27.4) 659 (27.4) 1.01 (0.88, 1.16) 0.8704
  ≥ $63,000 9716 (36.2) 865 (36.0) 0.99 (0.85, 1.15) 0.8592

No high school pct
  ≥ 21% 4192 (15.6) 352 (14.7) Ref.
 13.0–20.9% 6573 (24.5) 620 (25.8) 1.14 (1, 1.3) 0.0491*
 7.0–12.9% 8845 (32.9) 788 (32.8) 1.11 (0.96, 1.27) 0.1637
  < 7.0% 7239 (27.0) 641 (26.7) 1.15 (0.98, 1.35) 0.0933

CDCC score
 0 23,150 (86.2) 2127 (88.6) Ref.
 1 3055 (11.4) 232 (9.7) 1 (0.88, 1.13) 0.9741
  ≥ 2 644 (2.4) 42 (1.7) 0.85 (0.64, 1.13) 0.2616

Year of diagnosis
 2010 3626 (13.5) 245 (10.2) Ref.
 2011 4208 (15.7) 303 (12.6) 1.03 (0.88, 1.2) 0.6996
 2012 4306 (16.0) 370 (15.4) 1.17 (1.01, 1.36) 0.0383*
 2013 4577 (17.0) 444 (18.5) 1.29 (1.12, 1.49) 0.0004*
 2014 5008 (18.7) 486 (20.2) 1.26 (1.1, 1.46) 0.0011*
 2015 5124 (19.1) 553 (23.0) 1.34 (1.17, 1.53)  < .0001*

Grade
 WD 3409 (12.7) 96 (4.0) Ref.



208 Breast Cancer Research and Treatment (2020) 184:203–212

1 3

CI confidence interval, Ref reference
* p-value < 0.05
† Prevalence Ratios (95% Confidence intervals and p-values) computed from multivariable Poisson regres-
sion model with robust error variance adjusted for all covariates shown in table

Table 2  (continued) Characteristic No pCR 
N = 26,849, 
91.7%
N (%)

pCR N = 2401, 8.3%
N (%)

Multivariable preva-
lence  ratio† (95% CI)

p-value

 MD 13,757 (51.2) 513 (21.4) 1.17 (0.93, 1.48) 0.1848
 PD/undifferentiated 9683 (36.1) 1792 (74.6) 3.1 (2.47, 3.9)  < .0001*

Histology
 IDC 19,295 (71.9) 2102 (87.5) Ref.
 ILC 3641 (13.6) 77 (3.2) 0.51 (0.4, 0.64)  < .0001*
 Mix 2624 (9.8) 81 (3.4) 0.51 (0.41, 0.63)  < .0001*
 Other 1289 (4.8) 141 (5.9) 1.08 (0.93, 1.26) 0.3024

HR status
 ER + PR + 21,643 (80.6) 1128 (47.0) Ref.
 ER + PR- 4504 (16.8) 981 (40.9) 2.44 (2.25, 2.65)  < .0001*
 ER- PR + 702 (2.6) 292 (12.2) 3.09 (2.75, 3.47)  < .0001*

Clinical T stage
 cT1 2212 (8.2) 362 (15.1) Ref.
 cT2 13,739 (51.2) 1379 (57.4) 0.61 (0.53, 0.69)  < .0001*
 cT3 6805 (25.3) 416 (17.3) 0.43 (0.35, 0.52)  < .0001*
 cT4 4093 (15.2) 244 (10.2) 0.43 (0.35, 0.54)  < .0001*

Clinical N stage
 cN0 9555 (35.6) 724 (30.2) Ref.
 cN1 13,644 (50.8) 1232 (51.3) 1.23 (1.07, 1.4) 0.0026*
 cN2 2412 (9.0) 258 (10.7) 1.48 (1.19, 1.84) 0.0005*
 cN3 1238 (4.6) 187 (7.8) 1.73 (1.37, 2.17)  < .0001*

Clinical stage
 2A 8107 (30.2) 823 (34.3) Ref.
 2B 8364 (31.2) 766 (31.9) 1.2 (1.04, 1.37) 0.0102*
 3 10,378 (38.7) 812 (33.8) 1.13 (0.92, 1.39) 0.2396

Surgery type
 BCS 7907 (29.4) 927 (38.6) Ref.
 Mastectomy 18,942 (70.6) 1474 (61.4) 0.88 (0.81, 0.95) 0.0014*

Lymph node surgery
 SLNB 10,233 (38.1) 1261 (52.5) Ref.
 ALND 16,204 (60.4) 1088 (45.3) 0.56 (0.51, 0.61) < 0.0001*
 None 412 (1.5) 52 (2.2) 0.95 (0.73, 1.23) 0.7054

Table 3  Response to neoadjuvant chemotherapy based on clinical nodal status

Neoadjuvant patients N = 29,250 Clinical N0 Clinical N+

N 10,279 (35.1%) 18,971 (64.9%)
Path N stage
 Path N0 6656 (64.8%) 3993 (21.0%)
 Path N+ 3623 (35.2%) 14,978 (79.0%)

Path T0 Path T+

Response in breast 2401 (8.3%) 26,849 (91.7%)
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Table 4  Factors impacting axillary downstaging (ypN0) for patients receiving neoadjuvant therapy with cN+, N = 18,971

Characteristic ypN + N = 14,978, 79.0%
N (%)

ypN0 N = 3993, 21.0%
N (%)

Multivariable prevalence 
 ratio† (95% CI)

p-value

Age, years
  < 50 5442 (36.3) 1820 (45.6)
  ≥ 50 9536 (63.7) 2173 (54.4) 0.75 (0.71, 0.79) < 0.0001*

Race
 White 10,984 (73.3) 2685 (67.2)
 Black 2161 (14.4) 772 (19.3) 1.17 (1.09, 1.26)  < 0.0001*
 Hispanic 1139 (7.6) 333 (8.3) 1.06 (0.96, 1.17) 0.2753
 Asia/other 694 (4.6) 203 (5.1) 1.04 (0.93, 1.17) 0.4949

Insurance
 Private 9320 (62.2) 2649 (66.3)
 Not-insured 546 (3.6) 173 (4.3) 1.02 (0.9, 1.15) 0.788
 Government 5112 (34.1) 1171 (29.3) 0.91 (0.86, 0.97) 0.0031*

Facility type
 Community 1274 (8.5) 332 (8.3)
 Comprehensive 6525 (43.6) 1764 (44.2) 1.04 (0.93, 1.16) 0.5309
 Academic 5158 (34.4) 1369 (34.3) 1.08 (0.96, 1.2) 0.199
 Integrated 2021 (13.5) 528 (13.2) 1.05 (0.93, 1.19) 0.4089

Facility location
 East 6287 (42.0) 1674 (41.9)
 Central 6231 (41.6) 1686 (42.2) 1.05 (0.99, 1.12) 0.093
 West 2460 (16.4) 633 (15.9) 1.03 (0.95, 1.11) 0.5298

Residence location
 Metropolitan 13,072 (87.3) 3506 (87.8)
 Urban 1675 (11.2) 432 (10.8) 1.05 (0.96, 1.14) 0.3347
 Rural 231 (1.5) 55 (1.4) 1.02 (0.81, 1.27) 0.8784

Median household income
  < $38,000 2325 (15.5) 620 (15.5)
 $38,000–$47,999 3201 (21.4) 841 (21.1) 1.03 (0.94, 1.14) 0.4939
 $48,000–$62,999 3962 (26.5) 1106 (27.7) 1.1 (1, 1.22) 0.0506
  ≥ $63,000 5490 (36.7) 1426 (35.7) 1.02 (0.92, 1.14) 0.6998

No high school pct
  ≥ 21% 2358 (15.7) 643 (16.1)
 13.0–20.9% 3681 (24.6) 1003 (25.1) 1 (0.92, 1.09) 0.9825
 7.0–12.9% 4896 (32.7) 1304 (32.7) 0.99 (0.9, 1.09) 0.8721
  < 7.0% 4043 (27.0) 1043 (26.1) 1.01 (0.9, 1.13) 0.9158

CDCC score
 0 12,945 (86.4) 3517 (88.1)
 1 1693 (11.3) 393 (9.8) 1.03 (0.94, 1.13) 0.4795
  ≥ 2 340 (2.3) 83 (2.1) 1.04 (0.87, 1.25) 0.6456

Year of diagnosis
 2010 2063 (13.8) 465 (11.6)
 2011 2350 (15.7) 570 (14.3) 1 (0.9, 1.11) 0.9646
 2012 2460 (16.4) 631 (15.8) 1.01 (0.91, 1.12) 0.8382
 2013 2535 (16.9) 748 (18.7) 1.13 (1.02, 1.24) 0.0153*
 2014 2706 (18.1) 792 (19.8) 1.06 (0.96, 1.17) 0.2276
 2015 2864 (19.1) 787 (19.7) 0.96 (0.87, 1.06) 0.4138

Grade
 WD 1538 (10.3) 273 (6.8)
 MD 7786 (52.0) 1429 (35.8) 0.99 (0.88, 1.12) 0.9009
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patients in the NAC group had a 38.6% BCT rate. 60.4% of 
AC patients and 45.3% of NAC patients underwent ALND. 
Patients who underwent mastectomy or ALND were found 
to be less likely to achieve in-breast or nodal pCR.

Discussion

Breast cancer molecular subtypes have played a vital role 
in our modern appreciation of the disease and our approach 
to its treatment. Our understanding of these subtypes has 
promoted a shift toward personalized breast cancer care 
as opposed to historic methodology. Knowledge of patient 
molecular phenotype and subtype improves selection of 
treatment and prognostication of disease-specific outcome.

Our study shows an increasing trend in the use of NAC for 
patients with HR+ HER2− breast cancer, despite reported 

pCR rates of 10–20% [4, 6, 12, 20], and only 8.3% in our 
study. While pCR is predictive of a favorable prognosis, 
this relationship is stronger in more aggressive subtypes 
[12, 21, 20, 22, 23]. This can be largely attributed to the 
fact that the HR-positive subtype has a favorable prognosis 
regardless of pCR [24]. With pCR rates of 30–40% in TNBC 
and over 50% in HER2+ breast cancer, it is not surprising 
that enthusiasm for NAC in these excellent responders has 
increased over time [15, 25]. The positive trend for NAC use 
in HR+ HER2− breast cancer is less an attempt to achieve 
a pCR but rather the intent to downstage the tumor to avoid 
mastectomy and/or downstage the axilla to avoid ALND.

The ACOSOG Z1071 trial evaluated the impact of 
tumor biology on the rate of BCT following NAC offer-
ing some comparison [4]. The study included 694 patients 
of all breast cancer subtypes with clinically node-positive 
disease receiving NAC followed by surgery. The pCR 

Table 4  (continued)

Characteristic ypN + N = 14,978, 79.0%
N (%)

ypN0 N = 3993, 21.0%
N (%)

Multivariable prevalence 
 ratio† (95% CI)

p-value

 PD/undifferentiated 5654 (37.7) 2291 (57.4) 1.44 (1.28, 1.62)  < .0001*
Histology
 IDC 11,016 (73.5) 3270 (81.9)
 ILC 1792 (12.0) 267 (6.7) 0.84 (0.75, 0.95) 0.0045*
 Mix 1462 (9.8) 244 (6.1) 0.82 (0.73, 0.92) 0.0008*
 Other 708 (4.7) 212 (5.3) 1.09 (0.97, 1.22) 0.1342

HR status
 ER+ PR+ 12,234 (81.7) 2516 (63.0)
 ER+ PR− 2453 (16.4) 1189 (29.8) 1.62 (1.53, 1.72)  < 0.0001*
 ER− PR+ 291 (1.9) 288 (7.2) 2.03 (1.85, 2.23)  < 0.0001*

Clinical T stage
 cT1 1965 (13.1) 556 (13.9)
 cT2 6510 (43.5) 1962 (49.1) 1.07 (0.93, 1.23) 0.3245
 cT3 3915 (26.1) 950 (23.8) 1.04 (0.9, 1.2) 0.619
 cT4 2588 (17.3) 525 (13.1) 0.92 (0.79, 1.08) 0.299

Clinical stage
 2A 1756 (11.7) 515 (12.9)
 2B 5240 (35.0) 1592 (39.9) 0.98 (0.84, 1.13) 0.7636
 3 7982 (53.3) 1886 (47.2) 0.95 (0.82, 1.09) 0.4631

Surgery type
 BCS 3508 (23.4) 1378 (34.5)
 Mastectomy 11,470 (76.6) 2615 (65.5) 0.79 (0.75, 0.84)  < 0.0001*

Lymph node surgery
 SLNB 2745 (18.3) 1900 (47.6)
 ALND 12,139 (81.0) 1987 (49.8) 0.37 (0.35, 0.39)  < 0.0001*
 None 94 (0.6) 106 (2.7) 1.22 (1.06, 1.42) 0.0073*

CI confidence interval, Ref reference
*p-value < 0.05
† Prevalence ratios (95% confidence intervals and p-values) computed from multivariable Poisson regression model with robust error variance 
adjusted for all covariates shown in table
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rate in HR+ HER2− patients was 11.4%, compared to 
38% for TNBC and 45% for HER2+ cancer. However, a 
clinical response (complete or partial) was seen in 80.5% 
of HR+ HER2− patients and a pathologic response was 
seen in 71.8%. Only 9.5% of these patients showed dis-
ease progression while on neoadjuvant therapy. The 
HR+ HER2− patients were also more likely to undergo 
mastectomy compared to their TNBC and HER2+ counter-
parts, at a rate of 65.5%. The retrospective analysis of this 
prospective study did not allow for discerning which patients 
were mastectomy or BCT candidates before NAC receipt, 
and therefore, it is difficult to draw conclusions from this 
finding. This study was also unable to address which patients 
were BCT candidates after NAC but elected mastectomy. In 
fact, the residual tumor size in patients that did not achieve 
a pCR was similar across all subtypes. One hypothesis for 
the higher mastectomy rate in HR+ HER2− patients was 
the higher proportion of invasive lobular carcinoma seen in 
this subtype, which required more second procedures than 
patients with invasive ductal carcinoma.

A prospective, single-center study determined the 
frequency of avoiding ALND in clinically node-posi-
tive breast cancer patients that received NAC [6]. They 
included 155 patients spanning all tumor subtypes, with 
HR+ HER2− (56%) and invasive ductal histology (95%). 
The overall rate of nodal pCR was 49% but varied signifi-
cantly by HR and HER2− receptor status. The rate of nodal 
pCR in HR+ HER2− cancer was 21%, exactly as seen in 
our study and in ACOSOG Z1071 [4]. While other subtypes 
appreciated higher rates of nodal pCR at 47%, 97%, and 
70% for TNBC, HR-negative HER2+, and triple positive 
cancer, respectively, a nodal pCR seen in about one out of 
five patients with HR+ HER2− subtype is substantial.

Given the relatively lower rates of pCR and axillary 
downstaging in HR+ HER2− breast cancer treated with 
NAC, we continue to seek better therapeutic options for 
these patients. Neoadjuvant endocrine therapy (NET) offers 
a less toxic alternative as a potential management strategy, 
especially for postmenopausal women [26]. The ACOSOG 
Z1031 trial studied the effect of preoperative aromatase 
inhibitors (AI) on promoting BCT for 374 postmenopausal 
women with HR+ HER2− breast cancer [27]. Unlike Z1071, 
this trial designated patients’ pretreatment by their candi-
dacy for BCT and compared it to the most extensive surgery 
actually performed. 50.9% of mastectomy-only candidates 
before treatment underwent BCT as their most extensive 
surgery, as well as 83.1% of marginal for BCT candidates. 
Three out of four inoperable candidates likewise were man-
aged with BCT. This suggests marked improvements in sur-
gical outcomes with NET with an overall BCT rate of 68%. 
There is also the potential to improve response rate with 
newer approaches such as selecting a subset of patients for 
NET using genomic profiling. Likewise, the ALTERNATE 

trial is a phase III randomized controlled trial that is seek-
ing to obtain pCR and recurrence-free survival data in post-
menopausal women on neoadjuvant AI [28].

Interestingly, our study found a higher rate of in-breast 
and axillary pCR for black patients compared to white 
patients. Several studies addressing the impact of race fol-
lowing NAC found no difference in pCR overall or by sub-
type [29–33]. They did, however, find that black patients 
receiving NAC consistently had worse outcomes even when 
matched for BMI, subtype, and stage.

While use of retrospective data from NCDB has limita-
tions, this cohort included just under 135,000 patients which 
is the main strength of our study. Lack of data regarding 
compliance with treatment or duration of NAC and degree of 
estrogen/progesterone receptor expression are limitations. In 
addition, HER2 status was not collected by the NCDB before 
2010; therefore, some HER2-positive patients are included.

NAC use for HR+ HER2− breast cancer has increased 
over time and, in spite of lower pCR rates compared to other 
phenotypes, offers a significant clinical benefit for many 
patients. Our study found that NAC should be strongly con-
sidered in patients with locally advanced HR+ HER2− dis-
ease who desire BCT or who are clinically node positive, 
especially if they are young or have poorly differentiated 
invasive ductal cancer with either ER or PR negativity. We 
expect improved outcomes going forward as better patient 
selection is guided by increasing use of pretreatment 
genomic assays. Black patients showed an improved rate of 
pCR compared to white patients despite prior studies find-
ing that race did not influence pCR rate. More studies are 
needed to explore these findings and better predict patients 
who would be excellent responders.
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