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Abstract

Hispanic women have higher breast cancer mortality compared to non-Hispanic whites. We 

evaluated for Proliferation Axis Score differences, as determined by Oncotype Dx, in Hispanic and 

non-Hispanic white women with newly diagnosed breast cancer. We matched 219 women, based 

upon age, stage, and nodal status. Compared to non-Hispanic whites, Hispanic women with 

hormone-sensitive, HER2-negative early-stage breast cancer had a higher Proliferation Axis 

Score. No differences were seen in Recurrence Score, ER, PR, or HER2 by Oncotype DX. 

CCNB1 and AURKA were significantly higher in Hispanic women. These tumor differences may 

help explain breast cancer outcome differences between the two ethnicities.
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INTRODUCTION

In the United States, the Hispanic population is the fastest growing major demographic 

group (1). This ethnicity is comprised of a heterogeneous group of nationalities and 

countries of origin, ranging from the Caribbean and Central/South America to Europe. 

While breast cancer incidence is lower among Hispanic women as compared to non-

Hispanic white women (1), Hispanics have a 1.2–1.7 fold increase in breast cancer mortality 

risk (2–4). This increased risk of breast cancer death persists after adjusting for tumor stage, 

hormone receptor status, socioeconomic status, surgical, and radiation treatment (5). It is 

possible that differences in tumor biology may also be contributing to the disparity in breast 

cancer outcome.

In patients with hormone receptor positive (HR+) breast cancer, the Oncotype DX® assay is 

a commercially available validated predictor of distant breast cancer recurrence (6, 7). A 21-

gene score, known as the Recurrence Score, is determined by a reverse-transcriptase 

polymerase chain reaction (RT-PCR)-based assay consisting of 16 cancer-related genes and 

five reference genes (6, 7). The 16 genes are involved in invasion, the estrogen receptor 

(ER) and HER2 signaling, and proliferation. Of these genes, five of them provide the 

Proliferation Axis Score [i.e., BIRC5 (Survivin), MKI67 (Ki-67), CCNB1 (Cyclin B1), 

MYBL2, and AURKA (STK15)]. In addition to other Group Scores such as the HER2, ER, 

and Invasion Group Scores, the Proliferation Axis Score is then used to calculate the 

Recurrence Score (7). Of the Group Scores, the Proliferation Axis Score is the one that is 

most heavily weighted in the Recurrence Score calculation (7). In node-negative breast 

cancer, Oncotype DX is used for clinical decision-making about adjuvant chemotherapy for 

patients who will receive anti-estrogen therapy (6, 7). The Recurrence Score has also 

demonstrated prognostic value in lymph node-positive breast cancer (8, 9).

Similar to Hispanic women, black women have a worse breast cancer-specific survival as 

compared to non-Hispanic whites (3, 4). Racial differences in outcome are thought to be 

partially the result of differences in tumor biology (10). In a small retrospective analysis, 

breast tumor samples from black women (n = 27) demonstrated no differences in the 21-

gene Recurrence Score as compared to other races (p = .60) (10). However, black women 

were noted to have a significantly higher expression of the Proliferation Axis Score (p = .

004). We conducted a matched case-control study to assess genomic differences in Oncotype 

DX-derived tumor characteristics between Hispanic and non-Hispanic white women with 

early-stage, HR+ breast cancer. Our hypothesis was that there will be a higher expression of 

the Proliferation Axis Score in the Hispanic population as compared to matched non-

Hispanic white women.

MATERIAL AND METHODS

Patient population and data source

Women with stage I–III, HR+/HER2 negative (HER2−) breast cancer diagnosed between 

2005 and 2011 at either Columbia University Medical Center (CUMC) or Albert Einstein 

Medical Center (AEMC) who underwent Oncotype DX testing were identified. After 

obtaining CUMC and AEMC institutional review board approval, patient charts were 
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reviewed for self-reported ethnicity (Hispanic or non-Hispanic white). Hispanics, any race, 

were matched to non-Hispanic whites in a 1:2 ratio. Patients were matched based upon the 

following characteristics: age at diagnosis (+/− 10 years), tumor stage, and lymph node 

status (negative or positive). In addition to these variables, the following demographic, 

clinical, and tumor characteristics were collected: country of origin (self-reported and 

documented in the electronic medical record), body mass index (BMI), lymphovascular 

invasion (LVI: absent or present), and tumor grade (well, moderately, or poorly 

differentiated). The immunohistochemical (IHC) scoring of the ER and progesterone 

receptor (PR) and HER2 status (IHC +/− in situ hybridization) were determined per standard 

ASCO-CAP guidelines (11, 12) and recorded from the pathology reports done at the time of 

diagnosis. The weighted Recurrence Score (6), corresponding 10-year Distant Recurrence 

Risk, ER, PR, and HER2 status as evaluated by RT-PCR were obtained by Oncotype Dx 

reports in the patient records. With assistance from Genomic Health, Incorporated, we 

obtained each patient’s composite Proliferation Axis Score and five individual proliferation 

genes that make up this score: BIRC5, MKI67, CCNB1, MYBL2, and AURKA.

Statistical analysis

The primary aim was to determine the association between the Proliferation Axis Score and 

ethnicity. Assuming equal variances between the two samples (SD = 1) (10), we anticipated 

> 90% power to detect a mean difference of 0.5 in Proliferation Axis Score in the Hispanic 

vs. non-Hispanic white women in 219 patients, with the significance level of 0.05.

Secondary aims were to evaluate ethnic differences in other clinical and tumor 

characteristics, such as BMI and 21-gene Recurrence Score, as well as differences in the 

individual proliferation genes. The Wilcoxon two-sample test was used to evaluate for 

differences in continuous variables between the two groups, and Chi-squared tests were used 

to evaluate for differences in categorical variables, such as presence of LVI and tumor 

grade. Descriptive statistics were generated for all data collected. All tests were two sided 

and considered to be statistically significant if the p-value was <.05. Variables determined to 

be significant in univariable analysis were selected for inclusion in multivariable linear 

regression analysis. All statistical analyses were conducted using SAS version 9.3.

RESULTS

We identified 74 Hispanic women who underwent Oncotype DX testing and had Oncotype 

DX data available in the medical record. Hispanic women were then matched to 145 non-

Hispanic white women in a 1:2 ratio (Table 1), as 3 Hispanics had only a 1:1 non-Hispanic 

white match available. There was no significant difference in age or tumor size between the 

2 groups. All but 9 patients had lymph node negative breast cancer (3 Hispanics, 6 non-

Hispanic whites). By IHC and/or in situ hybridization, none were HER2+ or triple negative. 

By histology, 83% were invasive ductal carcinoma and 11% were invasive lobular 

carcinoma, with no statistical differences in histologic type between ethnicities (data not 

shown). Of the Hispanic women, 43% were from Dominican Republic and 41% from Puerto 

Rico.
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Hispanic women had a higher BMI than non-Hispanic white women (28.0 kg/m2 vs. 26.0 

kg/m2, p = .01). While Hispanic women had numerically more poorly differentiated tumors 

(29.7% vs. 19.3%) and tumors with LVI (16.2% vs. 11.7%), this difference was not 

statistically significant (p = .09 and .36, respectively).

There was no ethnic difference in ER, PR, or HER2 score, as derived by Oncotype DX 

assessment (Table 2). While there was a statistically significant difference in the rate of ER

+/PR+/HER2− vs. ER+/PR−/HER2− breast tumors in Hispanic and non-Hispanic IHC 

(Table 1: p = .03), this was not statistically different by Oncotype DX analysis (Table 2: p 

= .08). One non-Hispanic white woman had HER2+ breast cancer as defined by Oncotype 

DX. There was no statistically significant difference in median Recurrence Score between 

Hispanic and non-Hispanic white women (17.0 vs. 15.0, p = .49). No difference was 

identified when Recurrence Score was evaluated as a categorical value [low risk: <18, 

intermediate risk: 18–30, high risk >30): p = .88]. As shown in Figure 1, Hispanic women 

had tumors with significantly higher proliferation scores, as measured by the composite 

median Proliferation Axis Score (5.4 vs. 5.2, p = .03).

Each of the five genes that make up the Proliferation Axis Score was assessed individually 

(Figure 2). As demonstrated in Table 2, Hispanic women had significantly higher median 

scores for CCNB1 and AURKA as compared to non-Hispanic whites, (p = .01 and .03 

respectively). While the differences for the three additional proliferation genes (BIRC5, 

MKI67, and MYBL2) were numerically higher in Hispanic women, the differences between 

ethnic groups were not found to be statistically significant.

In order to determine whether ethnicity independently predicts proliferation in breast 

tumors, a multivariable linear analysis was conducted with Proliferation Axis Score as the 

outcome variable. In a model including only variables significant in the univariable analysis 

(i.e., ethnicity and BMI), ethnicity independently predicted the Proliferation Axis Score, (p 

= .04), with Hispanic women associating with a higher proliferation score. As a continuous 

variable, BMI was no longer an independent predictor (p = .60). In a model including 

variables for which the patients were matched (i.e., age, lymph node status, and tumor 

stage), ethnicity was no longer a significant predictor of the Proliferation Axis Score (p = .

08). A similar analysis was conducted with Recurrence Score as the outcome variable, and 

neither ethnicity (p = .16) nor BMI (p = .83) were independent predictors of outcome.

DISCUSSION

Based on RT-PCR assessment by the Oncotype DX assay, the 5-gene composite 

Proliferation Axis Score is significantly higher in Hispanic women with breast cancers 

compared to non-Hispanic white women. Our results are similar to findings among black 

women (10), in whom a higher rate of tumor proliferation genes was observed despite no 

differences in the weighted Recurrence Score. It is possible that differences in tumor 

proliferation may contribute to the ethnic disparities in breast cancer mortality (2–5).

While this study demonstrated that HR+/HER2− tumors in Hispanic women have higher 

proliferative scores compared to non-Hispanic whites, only two of the five proliferation 
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genes were found to be significantly different. CCNB1 is the gene that encodes for the 

protein Cyclin B1, which binds to cyclin-dependent kinase 1 (CDK1) and ultimately results 

in high proliferation of human mammary carcinomas (13). AURKA encodes for Aurora 

Kinase A, which is a cell cycle regulator (14). High AURKA is an independent prognostic 

indicator in the HR+/HER2− subtype for worse breast cancer metastasis-free survival (15). 

While BIRC5, MKI67, and MYBL2 were not statistically different between Hispanic and 

non-Hispanic white women, the point estimate between these ethnic groups for each gene 

was similar to CCNB1 and AURKA. With a larger population, it is possible that BIRC5, 

MKI67, and MYBL2 may have reached statistical significance. In addition, the median 

Recurrence Score was numerically higher but not statistically different in Hispanic women 

as compared to non-Hispanic whites (17.0 vs. 15.0). It is possible that, despite the 

proliferation differences between ethnicities, there may be other genomic factors 

unaccounted for with the available data, which may be impacting the Recurrence Score. As 

no differences were identified in the ER, PR, or HER2 score between the two ethnicities, 

other genes, such as those associated with invasion, may also be different between 

ethnicities and affecting the Recurrence Score calculation.

Ultimately, the findings from this study may have treatment implications. Aurora Kinase A 

inhibitors are in various stages of drug development (16–18) and have shown induction of 

G2 cell-cycle arrest in breast cancer cell lines (16). In addition, CDKs mediate cell cycle 

progression and impact tumor proliferation (19). In an ex vivo breast cancer model, 

treatment with the CDK4/6 inhibitor PD-0332991 revealed a greater than 5-fold suppression 

of tumor proliferation, as measured by ki-67 staining (20). It is possible that cell cycle 

inhibitors will demonstrate greater efficacy in women with tumors that have increased 

expression of proliferation genes.

We observed that BMI was higher among Hispanic women. Others have reported higher 

rates of obesity and metabolic syndrome in Hispanic women as well (21, 22). Obesity at 

breast cancer diagnosis has a prognostic implication, as increasing BMI is associated with 

worse breast cancer outcome (23), specifically in patients with HR+/HER2− breast cancer 

(24). In addition, obese patients are diagnosed with breast tumors with higher cellular 

proliferation, as measured by high ki-67, as compared to normal-weight women (25, 26). 

However, despite BMI being higher in Hispanics, BMI was not a significant predictor of the 

Proliferation Axis Score after adjusting for ethnicity.

A limitation of the study is that tumor measurement of ki-67 by IHC was not available to 

compare with the Proliferation Axis Score. While others have reported a significant strong 

correlation with ki-67 and the Recurrence Score (27), ki-67 has been observed to not be the 

only determinant of that score (28). The Proliferation Axis Score is not provided in the 

commercially available Oncotype Dx report, limiting direct comparisons of ki-67 by IHC 

directly to the 5-gene Proliferation Axis Score. However, while it would have been 

interesting to include the protein expression of ki-67, as a prior report showed no difference 

in ki-67 between ethnicities (29), there remains existing challenges with ki-67 assessment by 

IHC including pre-analytic and post-analytic variability between centers (28, 30, 31). 

Additionally, in our study, it is possible that we were under-powered to detect differences in 

other tumor characteristics. In addition, the identification of Hispanic vs. non-Hispanic 
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white was based on self-report. In this study, differences between Hispanic ethnicity and 

other ethnicities, such as non-Hispanic blacks or Asians were not assessed. In addition, the 

follow-up time for patients in this study was 51.7 months, which is a too limited duration to 

determine whether these proliferative differences will result in differences in breast cancer 

outcome in a HR+/HER2− cohort. On the other hand, there are a number of strengths to this 

study. A relatively large number of Hispanic patients were evaluated in this matched case-

control design. Approximately 85% of Hispanic women were from the Dominican Republic 

or Puerto Rico, limiting the heterogeneity of nationalities in this ethnicity. In addition, 

highly specific gene markers for tumor proliferation were evaluated in this study.

In summary, we found that Hispanic women with HR+/HER2− breast cancer are more likely 

to have tumors with increased proliferation compared to non-Hispanic white women, as 

determined by Oncotype Dx. It is possible that agents targeting tumor proliferation may 

improve ethnic disparities in breast cancer outcome.
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Figure 1. 
Proliferation axis score in Hispanic vs. non-Hispanic white with early stage breast cancer.
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Figure 2. 
Differences in tumor proliferation genes between Hispanic (H) and non-Hispanic white (W) 

women.
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Table 1

Clinical and Pathologic Characteristics of Hispanic (n = 74) and Non-Hispanic White Women (n = 145) with 

Early Stage Breast Cancer

Variable Hispanic Non-Hispanic White P value*

Median Age, years (IQR)a 58 (48–63) 55 (49–63) .58

Median Tumor Size, cm (IQR) 1.4 (1.0–1.8) 1.3 (1.0–1.7) .47

Median ER% by IHCb 95 (87.5–99.5) 95 (90–100) .91

Median PR% by IHCc 80 (15–90) 80 (50–90) .29

Hormone Receptor Status, N (%)d

ER+/PR+/HER2− 61 (82.4) 132 (91.0) .03

ER+/PR−/HER2− 13 (17.6) 11 (7.6)

ER−/PR+/HER2− 0 0

Unknown 0 2 (1.4)

BMI, kg/m2e 28 (25.8–32.6) 26 (23–30.9) .01*

LVI, N (%) f

Present 12 (16.2) 17 (11.7)

Absent 60 (81.1) 123 (84.8) .36

Tumor Grade, N (%) g .09

Well Differentiated 11 (14.9) 25 (17.3)

Moderately Differentiated 41 (55.4) 91 (62.8)

Poorly Differentiated 22 (29.7) 28 (19.3)

ER = estrogen receptor, PR = progesterone receptor, IHC = immunohistochemistry, BMI = body mass index, LVI = lymphovascular invasion, SD 
= standard deviation, HW = Hispanic women, NHW = non-Hispanic white women.

*
Statistically significant, p < .05, Wilcoxon Two-Sample Test.

a
HW and NHW were matched on age, tumor size, and lymph node status.

b
Missing data: 2 NHW with ER + breast cancer by IHC without ER%.

c
Missing data: 1 NHW with PR + breast cancer by IHC without PR%.

d
Defined as ER and/or PR > 1%.

e
Missing data: 6 NHW without BMI.

f
Comparing presence of LVI in HW vs. NHW. Unknown: 2 HW and 5 NHW.

g
Comparing poorly differentiated breast tumors in HW vs. NHW. Unknown: 0 HW and 1 NHW.
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Table 2

Oncotype DX results in Hispanic (n = 74) and Non-Hispanic White Women (n = 145) with Early Stage Breast 

Cancer

Median Variable (IQR) Hispanic Non-Hispanic White P value*

ER Score (Positive ≥ 6.5) 9.8 (9.1–10.8) 9.8 (9.1–10.8) .57

PR Score (Positive ≥ 5.5) 7.7 (6.4–8.6) 7.65 (6.8–8.5) .64

HER2 Score (Positive ≥ 11.5) 9.0 (8.6–9.4) 9.0 (8.6–9.4) .85

Hormone Receptor Status, N (%)

ER+/PR+/HER2− 52 (70.2) 106 (73.1) .08

ER+/PR−/HER2– 11 (14.9) 8 (5.6)

ER−/PR+/HER2− 0 0

ER+/PR+/HER2+ 0 1 (0.1)

Unknown 11 (14.9) 30 (21.0)

Recurrence Score 17.0 (11–22) 15.0 (11–20) .49

10-year Distant Recurrence Score, % 10.5 (7–14) 10.0 (7–13) .51

ER = estrogen receptor, PR = progesterone receptor, SD = standard deviation, HW = Hispanic women, NHW = non-Hispanic white women.

*
Statistically Significant, p < .05, Wilcoxon Two-Sample Test.
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