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Simple Summary: Despite improving rates of pathologic complete response (pCR; the absence of
invasive cancer at the time of surgery) among patients with breast cancer who underwent chemother-
apy prior to surgery, racial and ethnic minority groups were under-represented in clinical trials. Our
study used a large cancer registry database in the United States to evaluate the temporal trend of pCR
and patterns of pCR and survival outcomes among diverse racial and ethnic groups. It suggested
that although pCR rates improved over time for all groups, pCR rates and survival outcomes varied
significantly. For instance, compared to non-Hispanic White women, Black women were less likely
to have pCR for triple negative and hormone receptor (HR)-negative, human epidermal growth
factor receptor 2 (HER2)-positive tumors, but more likely for HR-positive, HER2-negative tumors.
Given such heterogeneous outcomes among various racial and ethnic minority groups, further
investigations would be warranted to optimize outcomes among such underserved populations.

Abstract: The purpose of this study was to evaluate nationwide trends in pathologic complete
response (pCR) and its racial variations for breast cancer. The National Cancer Database was
queried for women from 2010 to 2017 with non-metastatic breast cancer who underwent neoadjuvant
chemotherapy. The primary endpoints, pCR and overall survival, were evaluated using Cochran-
Armitage test, logistic, and Cox regression multivariable analyses. A total of 104,161 women were
analyzed. Overall, pCR improved from 2010 to 2017 (15.1% to 27.2%, trend p < 0.001). Compared to
non-Hispanic White (NHW) women, Hispanic White (HW) women were more likely to have pCR
for hormone receptor (HR)-positive, human epidermal growth factor receptor 2 (HER2)-positive
tumors (adjusted odds ratio (aOR) 1.29, 95% confidence interval (CI) 1.08-1.53, p = 0.005). Black
women were less likely to have pCR for HR-HER2+ tumors (aOR 0.81, 95% CI 0.73-0.89, p < 0.001)
and triple negative (aOR 0.82, 95% CI 0.77-0.87, p < 0.001) tumors, but more likely for HR+HER2-
tumors (aOR 1.13, 95% CI 1.03-1.24, p = 0.009). Among patients who achieved pCR, Asian or
Pacific Islander (API) women were associated with better survival (adjusted hazards ratio (aHR) 0.52,
95% CI10.33-0.82, p = 0.005) than NHW women. Despite positive trends in pCR rates, the likelihood
of pCR and survival outcomes may be intricately dependent on racial/ethnic groups and tumor
receptor subtypes.
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1. Introduction

The association of pathologic complete response (pCR) following neoadjuvant chemother-
apy with improved survival outcomes in breast cancer, particularly for human epidermal
growth factor receptor 2 (HER2)-positive and triple negative subtypes, has been previously
reported [1,2]. This trend may be in part due to recent advances in systemic therapy regi-
mens including targeted agents which have conferred pCR rates over 60% [3,4]. Given the
favorable prognosis of pCR, regulatory agencies support pCR as a valid surrogate endpoint
to evaluate the effectiveness of novel therapies [5], and strategies to de-escalate surgery
and radiation in select patients are currently being explored [6,7].

Despite these improvements in breast cancer outcomes, racial/ethnic minority groups
were associated with worse survival despite receiving standard of care treatments and
having comparable socioeconomic status [8-11]. However, it appears they were either
under-represented or not reported in prior prospective trials evaluating neoadjuvant sys-
temic therapies [3,4]. Specific analysis of breast cancer patients of racial and ethnic minority
groups for pCR following neoadjuvant therapy and survival outcomes were limited in
previous studies due to small sample sizes and short follow-up periods [12-15]. Given
such limitations, the nationwide trend of pCR outside of clinical trials and its association
with patients of diverse racial/ethnic background and their survival remains unclear. To
address this knowledge gap, we performed an observational cohort study to compare pCR
and survival outcomes stratified by racial and ethnic groups.

2. Materials and Methods

Our study was approved by Roswell Park Comprehensive Cancer Center institu-
tional (665 Elm St., Buffalo, NY, USA) review board (BDR-131220). Our report follows
the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE)
reporting guideline.

The National Cancer Database (NCDB) is a nationwide cancer registry database
capturing approximately 67% of all newly diagnosed breast cancer in the United States. It is
ajoint program by the American College of Surgeons and the American Cancer Society. The
database was queried for female patients with stage I-III breast cancer, diagnosed between
2010 and 2017, who underwent neoadjuvant chemotherapy. Follow-up was until the end
of 2019. Variables of interest included facility type, facility volume, age, race, insurance,
income and education levels, type of residence, Charlson-Deyo comorbidity score (CDS),
year of diagnosis, histology, tumor grade, clinical T and N staging, hormone receptor (HR)
status, surgery type, surgical margin, lymphovascular space invasion (LVSI), radiation
therapy, chemotherapy, endocrine therapy, immunotherapy, duration of postoperative
inpatient admission, postoperative readmission within 30 days, adjuvant therapy, time
interval between diagnosis and the initiation of neoadjuvant chemotherapy, and time
interval between the initiation of neoadjuvant chemotherapy and surgery. Education
and income levels were estimated based on the 2016 American Community Survey data,
measuring the percentage of adults who did not graduate from high school and the median
household income adjusted for 2016 inflation, respectively, in each patient’s zip code. They
were stratified by the median value of 10.9% and $50,353, respectively. Time intervals
among diagnosis, neoadjuvant chemotherapy, and surgery were stratified based on their
median values.

Patients were included for analysis if they had non-metastatic breast cancer and
underwent neoadjuvant chemotherapy followed by surgery. Patients of male gender,
unknown race, unknown clinical T and N staging, metastatic disease, unknown tumor
receptor status, unknown receipt of chemotherapy or surgery, and unknown number of
days among diagnosis, neoadjuvant chemotherapy, and surgery were excluded. Those
diagnosed prior to the year 2010 were excluded as HER? status was unavailable in the
database. All missing values were coded as unknown for analysis. Clinically pertinent
variables such as specific comorbidities, performance status, type and duration of systemic
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therapy, toxicity profile, tumor recurrence, and breast cancer specific mortality were not
captured in the database.

The primary endpoints of this study were pCR (defined as the absence of invasive
disease (ypT0/isNO) after neoadjuvant therapy) and overall survival (OS; defined as the
time interval between diagnosis and the last follow-up or death by any cause). Those
diagnosed in 2017 did not have their OS recorded in the database; thus, they were included
only in analysis of pCR. Our hypothesis was that pCR rates improved over the years based
on recent trials [3,4] and that there were racial and ethnic differences in pCR and OS [8-15].

Cochran—Armitage test was performed to evaluate the trend of pCR over time. Baseline
characteristics were compared using Fisher exact test and Mann-Whitney U test. Logistic
multivariable analysis (MVA) was performed to evaluate variables associated with pCR.
Cox proportional hazard MVA was performed to evaluate the extent of OS benefit of pCR.
MVA models were built based on all statistically significant variables from their univariable
analysis (UVA) followed by a backward stepwise elimination. Subgroup analyses were
performed based on race/ethnicity and tumor receptor status if interaction analyses were
statistically significant.

All p-values were two-sided and those less than 0.05 were considered statistically
significant. Bonferroni correction was used to adjust for three comparisons among racial
and ethnic subgroups (non-Hispanic White (NHW) vs. Hispanic White (HW) women,
NHW vs. Black women, and NHW vs. Asian or Pacific Islander (API) women). All analyses
were performed using R software version 4.0.3 (R Project for Statistical Computing).

3. Results

A total of 104,161 patients (n = 72,631 for NHW, n = 7632 for HW, n = 19,505 for
Black, n = 4393 for API) met our inclusion criteria (Table S1). The median follow-up was
49.3 months (interquartile range (IQR) 32.8-71.4). The proportion of pCR has increased
in recent years for all racial/ethnic groups and tumor receptor subtypes (Figures 1 and
51-55; all trend p < 0.001). Overall pCR rate increased from 15.1% in 2010 to 27.2% in
2017, largely driven by women of API descent (15.7% to 31.6%) and HR-HER2+ tumors
(28.6% to 53.1%; all trend p < 0.001). Improved pCR rates were also observed in other
racial groups (NHW: 14.9% to 27.1%; HW: 16.5% to 30.4%; Black: 15.0% to 24.6%; all trend
p <0.001) and other tumor receptor subtypes (HR+HER2-: 6.4% to 11.4%; HR+HER2+:
19.7% to 34.6%; HR-HER2-: 21.3% to 30.4%; all trend p < 0.001).

]
]

Proportion of pCR

2010 2011 2012 2013 2014 2015 2016 2017
Year

Figure 1. Trends in proportion of pathologic complete response from 2010 to 2017 for all cohorts.
Error bar represents 95% confidence interval.
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Logistic MVA was adjusted for age, facility volume, insurance, year of diagnosis,
LVSI, facility type, education level, CDS, histology, grade, T and N staging, tumor receptor
status, surgery, surgical margin, postoperative readmission, chemotherapy, endocrine
therapy, immunotherapy, the use of adjuvant systemic therapy, radiation therapy, and time
interval among diagnosis, chemotherapy, and surgery. In this MVA model, compared to
NHW women, HW women were more likely to have pCR (adjusted odds ratio (aOR) 1.13,
95% confidence interval (CI) 1.06-1.21, p < 0.001), while Black women were less likely to
have pCR (aOR 0.90, 95% CI 0.86-0.94, p < 0.001). Interaction between race/ethnicity and
tumor receptor status was statistically significant (interaction p < 0.001). On subgroup
analysis (Figure 2), when compared to NHW women, HW women were more likely to have
pCR for HR+HER2+ tumors. Black women were less likely to have pCR for HR-HER2+
tumors and triple negative tumors, but more likely for HR+HER2- tumors.

Subgroup No. aOR (95%Cl) P

HR+HER2-

Non-Hispanic White 31779 L 2 Reference

Hispanic White 3398 — 1.10 (0.96-1.25) 0.17

Black 7060 —— 1.13 (1.03-1.24) 0.009

Asian/Pacific Islander 1870 —_— T 0.96 (0.80-1.13) 0.61

HR-HER2+

Non-Hispanic White 10220 L 4 Reference

Hispanic White 1049 —_— 1.18 (1.02-1.35) 0.02

Black 2350 —— 0.81 (0.73-0.89) <0.001

Asian/Pacific Islander 853 L 1.17 (1.01-1.36) 0.03

HR+HER2+

Non-Hispanic White 7630 L 4 Reference

Hispanic White 747 * 1.29 (1.08-1.53) 0.005

Black 1503 ——— 0.91 (0.79-1.04) 0.17

Asian/Pacific Islander 505 2 2 0.93 (0.76-1.15) 0.53

HR-HER2-

Non-Hispanic White 23002 L 4 Reference

Hispanic White 2438 —— 1.08 (0.97-1.19) 0.15

Black 8592 —— 0.82 (0.77-0.87)<0.001

Asian/Pacific Islander 1165 —— 0.96 (0.83-1.10) 0.52
I T T 1

0.5 0.75 1 1.25 15
Less likely than NHW More likely than NHW

Figure 2. Logistic regression multivariable analysis for pathologic complete response stratified
by tumor receptor subtypes and racial groups. No.: number; aOR: adjusted odds ratio; 95% CI:
95% confidence interval; HR: hormone receptor; HER2: human epidermal growth factor receptor 2;
NHW: non-Hispanic White.

Cox MVA was adjusted for age, facility volume, insurance, LVS], facility type, income
level, CDS, histology, grade, T and N staging, tumor receptor status, surgery, surgical
margin, postoperative readmission, chemotherapy, endocrine therapy, immunotherapy, and
time interval between diagnosis and chemotherapy. In this MVA model, pCR was associated
with improved OS (adjusted hazards ratio (aHR) 0.31, 95% CI 0.29-0.33, p < 0.001). When
compared to NHW women, HW (aHR 0.79, 95% CI 0.73-0.85, p < 0.001) and API (aHR 0.73,
95% C1 0.65-0.81, p < 0.001) women had improved OS, while Black women (aHR 1.15,
95% CI 1.10-1.20, p < 0.001) had worse OS. The interaction between race and tumor
response was statistically significant (interaction p = 0.001), while its interaction with tumor
receptor status was not (interaction p = 0.053). The three-way interaction among race,
tumor receptor status, and tumor response was not statistically significant (interaction
p = 0.80). On subgroup analysis among patients with residual disease after neoadjuvant
chemotherapy, when compared to NHW women, APl and HW women were associated
with improved OS (Figure 3). Black women were associated with worse OS for residual
disease cases only compared to NHW women (Figure 3). Among patients with pCR, only
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API women remained to be associated with improved OS compared to NHW women
(Figure 3).

Subgroup No. aHR (95%Cl) P
Residual Disease

Non-Hispanic White 56192 < Reference

Hispanic White 5779 —— 0.78 (0.72-0.84) <0.001
Black 15140 —— 1.16 (1.11-1.21) <0.001
Asian/Pacific Islander 3288 —— 0.75 (0.67-0.84)<0.001

Pathologic Complete Response

Non-Hispanic White 16439 < Reference
Hispanic White 1853 ——— 0.82 (0.63-1.06) 0.13
Black 4365 — 1.02 (0.87-1.19) 0.83
Asian/Pacific Islander 1105 4 0.52 (0.33-0.82) 0.005
[ T T T 1
0.25 0.5 0.75 1 1.25 1.5
Better survival than NHW Worse survival than NHW

Figure 3. Cox regression multivariable analysis for overall survival stratified by pathologic responses
and racial groups. No.: number; aHR: adjusted hazards ratio; 95% CI: 95% confidence interval;
NHW: non-Hispanic White.

4. Discussion

To our knowledge, this is the largest study using a nationwide oncology database to
evaluate the trend of pCR rates over time, the likelihood of achieving pCR for different racial
and ethnic groups, and the impact this has on survival stratified by pathologic responses.
It suggested that overall pCR rates improved over time, largely due to HER2+ tumors and
API women. When compared to NHW women, HW women were more likely to have pCR
for HR+HER2+ tumors. Black women were more likely to have pCR for HR+HER?2- tumors,
but less likely for HR-HER2+ tumors and triple negative tumors. When compared to NHW
women, Black women were associated with worse survival for residual tumors without
pCR following neoadjuvant systemic therapy. API and HW women were associated with
improved survival compared to NHW women for all pathologic responses and any residual
disease, respectively.

The trend of improving pCR rates, especially among HER2+ tumors in our study, is
consistent with recent trials such as TRAIN-2 that reported rates of nearly 70% in the setting
of dual anti-HER?2 therapies [4]. Our observation of higher pCR rates with HR-HER2+
tumors compared to HR+HER2+ tumors was also consistent with prior studies [16-19]. The
improvement of pCR rate among triple negative tumors was modest in our study with an
increase of 9.1%. The benefit of pembrolizumab for triple negative tumors, including a pCR
rate of 65%, was recently reported in 2020 and was likely not reflected in our study as only
women diagnosed until the end of 2017 were included for analysis [3]. The improvement
in the pCR rate for HR+HER2- tumors was the smallest in our study at 5.0%. Although the
NSABP B-40 trial demonstrated the OS and pCR benefit with neoadjuvant bevacizumab,
this finding was not observed in other trials [20,21]. In addition, the magnitude of OS
benefit of pCR has been shown to be not as significant for HR+HER2- tumors in a recent
meta-analysis [2].

Our study suggests several racial differences regarding pCR which serve as opportuni-
ties for further investigation and intervention. First, our results suggest that Black women
were more likely to have pCR for HR+HER2- tumors and less likely for HR-HER2+ and
triple negative tumors. Some studies previously demonstrated comparable pCR regard-
less of race, while other studies showed that Black women were less likely to have pCR
for HER2+ and triple negative tumors, consistent with our study [12-15,22]. Since select
HR-HER2+ tumors may not respond well to anti-HER?2 therapies, these tumors biologically
may behave like triple negative breast cancers, thus resulting in a lower likelihood of pCR
following neoadjuvant chemotherapy [15,23]. In addition, it has been previously reported
that Black women undergo suboptimal breast cancer treatments including early discontinu-
ation of systemic therapy or experience treatment delays [9]. Thus, the lower rate of pCR
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observed among Black women in our study may be in part due to their incomplete courses
of neoadjuvant chemotherapy in non-clinical trial settings. This observation may explain
comparable pCR rates seen regardless of races among patients enrolled in clinical trials [14].
However, our study also noted a higher pCR rate for HR+HER2- tumors among Black
women. It may be in part due to the association of higher 21-gene recurrence score (RS)
with a higher likelihood of pCR, suggesting more aggressive tumor biology with higher RS
seen in Black women [24-26].

Among those without pCR when compared to NHW women, our report suggested
that HW women had improved OS and that Black women had worse OS. Prior stud-
ies investigating the role of racial differences in survival did not stratify by pathologic
responses [8-11]. However, they reported that Black women had worse survival out-
comes, while API and HW women had favorable survival outcomes [8-11]. Although a
single-institution study stratified patients by pCR and different racial groups, there was no
statistically significant interaction between them for survival in part due to a short follow-
up and small subgroup sample sizes [12]. Our finding on API women with improved
OS despite comparable pCR rates compared to NHW women is consistent with reports
of a higher level of immune response with tumor-infiltrating lymphocytes among API
women, which was associated with improved survival [27,28]. Similarly, our findings in
Black women are consistent with a report of having more exhausted CD8+ T cell profiles,
which was associated with worse survival [29].

Our primary study limitations were related to the retrospective nature of our dataset.
Pertinent variables, such as body mass index, the duration and specific agents of systemic
therapy, toxicity profiles, and adherence to systemic therapy, were not captured in the
NCDB. While non-White patients were less likely to complete their neoadjuvant therapies
in other studies, this finding alone may not fully explain higher pCR rates seen in our study
among Black women for HR+HER2- tumors and HW women for HR+HER2+ tumors [9].
Racial disparities in survival outcomes persisted even among patients enrolled in prior
clinical trials [8-11]. In addition, no statistically significant interaction between race and
body mass index (BMI) was noted for pathologic response outcomes [14], and non-obese
Black women still had worse outcomes [11]. Nonetheless, our study adjusted for patient
demographics and treatment characteristics, such as medical insurance, income level, CDS,
and potential treatment delays (the duration of interval among diagnosis, the initiation of
neoadjuvant chemotherapy, and surgery) when building Cox and logistic MVA models.
Even though our MVA models were also adjusted for missing variables, there may be still
potential bias associated with them that may affect survival outcomes [30]. Despite such
limitations, the strength of our study included being the largest report using a nationwide
cancer registry database to evaluate the temporal trend of pCR, patterns of pCR for diverse
racial and ethnic groups, and survival outcomes stratified by pathologic responses.

5. Conclusions

Despite positive trends in pCR rates, the likelihood of pCR and survival outcomes may
be intricately dependent on racial/ethnic groups and tumor receptor subtypes. Further
prospective studies are warranted to identify determinants of suboptimal neoadjuvant treat-
ments influencing pCR and appropriately tailor systemic therapies based on tumor biology.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/cancers14030534 /51, Figure S1: Trends in proportion of pathologic complete response from
2010 to 2017 stratified by tumor receptor subtypes; Figure S2: Trends in proportion of pathologic
complete response from 2010 to 2017 for non-Hispanic White women; Figure S3: Trends in proportion
of pathologic complete response from 2010 to 2017 for Hispanic White women; Figure S4: Trends in
proportion of pathologic complete response from 2010 to 2017 for Black women; Figure S5: Trends in
proportion of pathologic complete response from 2010 to 2017 for Asian or Pacific Islander women;
Table S1: Baseline characteristics of all cohorts stratified by racial groups.
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