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Abstract

Purpose: African American (AA) patients with triple-negative breast cancer (TNBC) are less 

likely to achieve pathologic complete response from neoadjuvant chemotherapy and have poorer 

prognosis than Caucasian patients with TNBC, suggesting potential biological differences by race. 

Immune infiltration is the most consistent predictive marker for chemotherapy response and 

improved prognosis in TNBC. In this study, we test the hypothesis that the immune 

microenvironment differs between AA and Caucasian patients.

Methods: RNA-seq expression data were obtained from The Cancer Genome Atlas (TCGA) 

database for 162 AA and 697 Caucasian breast cancers. Estrogen receptor (ER)-positive, human 

epidermal growth factor receptor-2 (HER2)-positive, and TNBC subtypes were included in the 

analyses. Tumor infiltrating lymphocyte (TIL) counts, immunomodulatory scores, and molecular 

subtypes were obtained from prior publications for a subset of the TNBC cases. Differences in 

immune cell distributions and immune functions, measured through gene expression and TIL 

counts, as well as neoantigen, somatic mutation, amplification and deletion loads, were compared 

by race and tumor subtype.

Results: Immune metagene analysis demonstrated marginal immune attenuation in AA TNBC 

relative to Caucasian TNBC that did not reach statistical significance. The distributions of immune 

cell populations, lymphocyte infiltration, molecular subtypes, and genomic aberrations between 

AA and Caucasian subtypes were also not significantly different. The MHC1 metagene 

demonstrated increased expression in AA ER-positive cancers relative to Caucasian ER-positive 

cancers.
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Conclusions: This study suggests that the immunological differences between AA and 

Caucasian breast cancers represented by TCGA data are subtle, if they exist at all. We observed no 

consistent racial differences in immune gene expression or TIL counts in TNBC by race. However, 

this study cannot rule out small differences in immune cell subtype distribution and activity status 

that may not be apparent in bulk RNA analysis.

Introduction

Breast cancer survival rates are lower in African American (AA) women compared to 

Caucasian women [1]. AA women are about 40% more likely to die from breast cancer than 

their Caucasian counterparts, despite improvements in mortality in both groups [2]. In 

addition to socioeconomic factors that affect access to health care and generally higher 

comorbidity rates among AA patients, biological factors may also contribute to the survival 

gap. For example, estrogen-receptor (ER), progesterone-receptor (PR), and human 

epidermal growth factor receptor-2 (HER2) negative breast cancer (i.e. triple-negative breast 

cancer, TNBC) that carries a less favorable prognosis is more common among 

premenopausal AA women [3, 4]. The increased incidence of TNBC among AA women is 

attributed to a combination of modifiable risk factors including differential rates of 

breastfeeding, earlier and higher parity, obesity, as well as non-modifiable factors such as 

predisposing single nucleotide polymorphisms in the African ancestry [5-7]. We recently 

showed that response to neoadjuvant chemotherapy, as measured by pathological complete 

response (pCR) rate, in early stage TNBC is also lower in AA patients [8]. This difference in 

chemotherapy responsiveness remained significant after adjusting for age, clinical tumor 

characteristics, length of therapy, as well as social and geographical variables including 

patients’ insurance status and census-derived median income, suggesting that race-

associated biological differences may influence treatment response.

The degree of immune infiltration in the tumor microenvironment is the most consistently 

reported prognostic and chemotherapy treatment response marker in TNBC [9]. Both a high 

tumor infiltrating lymphocyte (TIL) count and high immune-related gene expression predict 

higher pCR rates and better prognosis [10-12]. What drives differences in immune 

infiltration between breast cancers is unknown. A pooled analysis of solid tumors from The 

Cancer Genome Atlas (TCGA) found that both the total number of somatic mutations and 

the number of new antigen epitopes from tumor cells (i.e., neoantigen load) correlated 

positively with immune infiltration across all cancers [13]. However, subsequent analyses 

focused on breast cancer found that high immune cell gene expression signatures were in 

fact inversely associated with clonal heterogeneity in TNBC [14, 15], suggesting that an 

effective immune surveillance continuously eliminates clonal and genomic heterogeneity. 

Furthermore, a combined analysis of mutational load and clonality indicated that TNBC 

cancers with high mutational load and low clonality have increased cytolytic activity and 

better response to chemotherapy [16], suggesting that an adequately high “clonal fraction” 

of neoantigens maybe critical for tumor elimination [17, 18].

Potential differences between the tumor immune microenvironment in AA and Caucasian 

breast cancer patients have not been clearly characterized. We hypothesized that the poorer 

chemotherapy sensitivity and worse prognosis of AA TNBC could be due to lower anti-
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tumor immunity in the tumor microenvironment. Less effective anti-tumor immune 

surveillance may arise from differences in inherited DNA mutations, the cancer somatic 

mutational spectra, or environmental factors such as higher levels of stress, which has been 

shown to dampen immune activities. The goal of this study was to compare TIL counts and 

immune gene expression in breast cancer between races and between breast cancer subtypes 

by race in the TCGA cohort. If race-associated immunobiological differences exist in breast 

cancers, this could potentially suggest novel immuno-oncology therapeutic strategies to 

reduce the survival difference between AA and Caucasian patients.

Materials and Methods

Gene expression data sources

Gene-level RNA-seq expression data and corresponding clinical data were obtained for 

1,105 patients with primary breast cancer from the public portal of the TCGA (https://

portal.gdc.cancer.gov). RNA-Seq by Expectation Maximization (RSEM) data were log2-

transformed and quantile normalized for metagene analysis. After filtering for availability of 

race information, n=697 Caucasian and n=162 AA patients were selected for final analysis. 

Breast cancers were categorized as ER-positive/HER2-negative, referred to as ER-positive 

(n=540), HER2-positive with any ER status (n=147), or ER-negative/HER2-negative, 

referred to as TNBC (n=172) groups, as described previously [14].

Characterizing the tumor immune microenvironment

Gene Expression Analysis—The expression of 13 previously reported immune 

metagenes (CTL, Macrophages, MHC1, MHC2, T-reg, IF1, NK, STAT1, Giam, Tfh, Tinh, 

Tstim, LCK) that represent various immune cell types and immune functions were 

calculated as the median log2-transformed, normalized expression of the member genes as 

described previously [14, 19-28]. The metagenes and their gene memberships are listed in 

Supplementary Table 1. The prognostic and chemotherapy response predictive value of each 

of these metagenes were previously assessed in TCGA and other data sets [19, 28].

We also assessed two recently reported immune-checkpoint blockade (ICB) response 

predictive markers: the “T-cell inflamed” gene signature by Ayers et al [26] and the Tumor 

Immune Dysfunction and Exclusion (TIDE) analysis proposed by Jiang et al [29, 30]. A 

higher TIDE score indicates greater dysfunction and exclusion of T-cells from the immune 

microenvironment, corresponding to lower likelihood of benefit from ICB.

The relative fractions of 22 immune cell sub-populations were estimated using the 

CIBERSORT tool [31, 32]. Immune cell populations were aggregated into 9 broader 

categories to yield estimates of more comprehensive cell populations as described previously 

[29]. Metagene heatmaps were created in R using the “pheatmap” package version 1.0.10.

Differential Gene Expression Analysis—To identify differentially expressed immune 

genes between AA and Caucasian cancers, we used the “limma” package in R [33]. 

Significant differential expression was defined as absolute log2-fold change > 1.5 with 

Bonferroni-adjusted p-value < 0.05. In this analysis, we included 749 of 770 annotated genes 
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from the NanoString IO360 panel [34] that had available RNA-seq data (Supplementary 

Table 1).

TIL Counts, Immunomodulatory Scores, and TNBC Subtypes—Stromal (percent-

area of stroma) and total (percent-area of whole-section) TIL counts for TCGA TNBC cases 

with race annotation (Supplementary Table 2) were obtained from previously published 

datasets [35-37]. Previously published TNBC immunomodulatory scores and refined-

Vanderbilt TNBC subtypes (basal-like 1, basal-like 2, luminal androgen receptor, and 

mesenchymal) for TCGA TNBC cases were also compared between races [35].

Measuring genomic aberrations and clonality

Gene-level somatic mutation data were obtained from Ciriello et al [27]. Mutation load was 

calculated as the number of somatic mutations in a sample, normalized by the total length of 

sequences with adequate read coverage (>30X). Predicted neoantigen load data was taken 

from a previous publication [14]. We assessed mutational heterogeneity using the Mutant-

Allele Tumor Heterogeneity (MATH) score, which uses the standardized variance of the 

variant allele frequency distribution of somatic mutations to approximate clonal 

heterogeneity [38]. Overall deletion load was defined as the number of genes with GISTIC 

value of “−2”, and amplification load was defined as the number of genes with GISTIC 

value of “+2”, indicating definite deletion or amplification of a given segment, respectively. 

All genomic features were log2-transformed for visualization and statistical analysis. The 

availability of gene expression data for each metric is summarized in Supplementary Table 

2.

Statistical Analysis

All statistical analyses were performed in R version 3.5.0. The Wilcoxon Rank Sum test was 

used to compare patient characteristics, immune measures and genomic aberrations between 

the AA and Caucasian cohorts. P-values are listed in Supplementary Table 3. Student’s t-test 

was used to compare normally distributed TIDE scores and CIBERSORT immune cell 

populations. Chi-Square was employed for the comparison categorical variables. Statistical 

tests were two-sided, and p < 0.05 was considered significant. P-values were adjusted for 

multiple comparisons using the Bonferroni method.

Results

Comparison of immune cell functions and sub-populations by race in all breast cancer 
subtypes combined

Patient characteristics are summarized in Table 1. The proportion of TNBC was higher in the 

AA cohort compared to the Caucasian cohort (35.8% vs 16.4%; p=1.78e-07), while the 

proportion of ER-positive cancers was higher in the Caucasian group (65.7% vs 50.6%; 

p=4.21e-04). The distribution of clinical stage by race or within subtypes by race did not 

vary significantly.

We compared the expression of 14 immune metagenes between AA (n=162) and Caucasian 

(n=697) patients (Supplementary Table 3). Overall, we observed higher median expression 

O’Meara et al. Page 4

Breast Cancer Res Treat. Author manuscript; available in PMC 2020 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



for all immune metagenes in AA cancers. However, only the MHC1, Ayers/T-cell inflamed, 

Giam, Stat1, Tfh, and Tinh metagenes were nominally statistically significant (Figure 1), 

and after Bonferroni adjustment, only the MHC1 metagene remained significant (p-

adjusted=4.93E-07).

Tumor Immune Dysfunction and Exclusion (TIDE) analysis also showed a numerically 

higher median TIDE score in AA tumors, suggesting decreased responsiveness to ICB, but 

the difference did not reach statistical significance (Figure 2). However, one component of 

the TIDE score, IFN-gamma activation, was significantly higher in AA tumors compared to 

Caucasian tumors (unadjusted Student t-test p=0.014).

CIBERSORT was used to estimate the proportions of immune cell populations in the tumor 

microenvironment. In both race groups, the aggregated macrophage population (comprised 

of Monocytes, M0, M1, and M2 populations) represented the largest proportion of the 

leukocyte compartment (Figure 3A). After adjusting for multiple comparisons, the mean 

proportions of M0 macrophages, T-follicular helper, and T-regulatory cells were 

significantly higher in AA cancers relative to Caucasian breast cancers (p-

adjusted=5.87e-06, 1.41e-07, 1.28e-05, respectively), while the mean proportions of M2 

macrophages, resting CD4+ memory cells, resting Mast cells, and Monocytes were higher in 

Caucasian cancers (p-adjusted =3.97e-06, 5.17e-08, 1.16e-06, 5.44e-04, respectively) 

(Figure 3B). Since AA breast cancers included more TNBC and fewer ER-positive cancers, 

these differences may be caused by subtype-associated differences in the tumor immune 

microenvironment. Therefore, next we examined immune variables within molecular 

subtypes.

Comparison of immune cell functions and sub-populations by race and breast cancer 
subtype

We next compared immune metagene expression between AA and Caucasian within the 

TNBC and ER-positive subtypes. HER2-positive cases were excluded from these analyses 

due to the heterogeneity of HER2-positive cancers that include both ER-positive and -

negative subsets that continue to express the typical molecular features of their respective 

ER status. When TNBC cases were analyzed by race, 10 of 14 metagenes had lower median 

expression in AA (n=58) compared to Caucasian (n=114) cancers, whereas the MHC1 

metagene showed higher median expression in AA cases. However, after Bonferroni 

adjustment, these differences were no longer significant (Figure 4). This suggests that no 

major immune differences exist in TNBC by race as measured by immune metagene 

expression.

ER-positive cancers from AA patients (n=82) had significantly higher median expression of 

the MHC1 metagene relative to Caucasian cancers (n=458) (p-adjusted=0.019). This 

explains the overall higher MHC1 metagene expression in AA patients when all breast 

cancer subtypes were combined (see results above).

The mean TIDE scores and the Ayers/T-cell inflamed metagene scores were similar between 

AA and Caucasian TNBC and between AA and Caucasian ER-positive cancers, suggesting 

no difference in ICB sensitivity by race (Figure 5). Both AA and Caucasian IFN-gamma 
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signatures, measured by TIDE, were numerically higher in TNBC vs. ER-positive cancers. 

Likewise, in a heatmap of Ayers gene member expression, TNBC cases, irrespective of race, 

tended to cluster with highly expressed genes in the signature (Figure 6). CIBERSORT 

analysis showed that the aggregated macrophage population represented the largest 

proportion of the leukocyte compartment in TNBC in both race cohorts (Figure 7A). The 

proportion of resting CD4+ memory cells was significantly higher in Caucasian TNBC 

compared to AA TNBC (p-adjusted=0.014), (Figure 7B).

We also compared immune metagene expression differences between breast cancer subtypes 

within each race cohort separately. In AA patients, TNBC (n=58) demonstrated higher 

median expression of the MHC1 (p-adjusted=0.005) and STAT1 (p-adjusted=4.79e-04) 

metagenes relative to ER-positive cancers (n=82). In Caucasian patients, TNBC (n=114) 

demonstrated higher median expression of 11 of 14 metagenes (with the exception of the 

Macrophage, MHC2, and T-reg metagenes) relative to ER-positive cancers (n=458). These 

findings are consistent with multiple earlier reports that showed higher immune infiltration 

in TNBC compared to ER-positive cancers.

Differentially expressed immune genes between AA and Caucasian patients

Next, we examined immune gene expression differences at the individual gene level for 749 

immune-related genes. After Bonferroni adjustment, 141 genes were significantly up-

regulated and 125 genes were significantly down-regulated in Caucasian tumors across all 

subtypes relative to AA tumors (Supplementary Table 4).

When we compared AA and Caucasian TNBC, 13 genes were significantly up-regulated and 

12 were significantly down-regulated in Caucasian TNBC relative to AA TNBC. None of 

these genes had an absolute log-fold-change difference of > 1.5 between races 

(Supplementary Table 4). The 5 most differentially expressed genes between Caucasian and 

AA TNBC were APOE, TNFRSF25, TYMP (2.13, 2.06, and 1.9 fold higher in AA TNBC, 

respectively), MRC1 and TLR3 (2.0 and 1.85 higher in Caucasian TNBC, respectively). 

When we compared AA and Caucasian ER-positive cancers, we found 88 genes were up-

regulated and 82 genes were down-regulated in Caucasian cancers relative to AA cancers. 

ISG15 was significantly up-regulated in AA ER-positive cancers (3.20 fold-change, p-

adjusted=2.5e-10), while C7 was significantly up-regulated in Caucasian ER-positive 

cancers (2.83 fold-change, p-adjusted=4.51e-03).

Comparison of TIL counts, Immunomodulatory Scores, and Vanderbilt Subtype 
distribution in TNBC by race

TIL counts were analyzed using two different quantification methods: expressing TILs as 

percent-area of stroma (n=108) and as percent area of the whole-section (n=142) according 

to Loi et al [36] and Lehmann et al [35], respectively. In the Loi et al dataset, there were no 

statistically significant differences between stromal TILs in AA (n=20) and Caucasian 

(n=88) TNBC cases (Wilcoxon p=0.350, Figure 8A). In the Lehmann et al dataset, we also 

observed no difference in whole-section mononuclear cell infiltrate by race (AA n=51, 

Caucasian n=91, Wilcoxon p=0.546, Figure 8B). The distributions of lymphocyte-

predominant (>50% TIL), lymphocyte-moderate (10-50% TIL), and lymphocyte-poor 
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(<10% TIL) cases were also not significantly different between races in either dataset 

(p=0.515 stromal and p=0.672 whole-section).

The distribution of immunomodulatory scores, classified by Lehmann et al [35], was also 

not significantly different between AA (n=51) and Caucasian (n=91) TNBC patients. Cases 

with an “intense” immunomodulatory score were few in both the AA and Caucasian cohorts, 

14% and 11%, respectively. There was no difference in the distribution of refined-Vanderbilt 

subtypes between races (p=0.377), with the largest proportion of both AA and Caucasian 

TNBC classified as basal-like 1 (31% for both race groups).

Comparison of genomic aberration metrics and clonal heterogeneity by race

Next, we compared neoantigen, total somatic mutation, deletion, amplification loads, and 

clonal heterogeneity between AA and Caucasian cancers. Data were available for variable 

subsets of patients in both race cohorts (Supplementary Table 2). Overall, the neoantigen 

load was higher in AA compared to Caucasian patients (median=10 vs 7, p-adjusted=0.027) 

when all subtypes were combined. The somatic mutation burden (AA median=45 vs. 

Caucasian median=34, p-adjusted=0.007), amplification load (AA median=481 vs. 

Caucasian median=258, p-adjusted=0.032) and deletion load (AA median=12 vs. Caucasian 

median=4, p-adjusted=0.003) were higher in AA cases (Figure 9). All these genomic 

derangement metrics were significantly higher in TNBC compared to ER-positive cancers 

(Supplementary Table 3). When TNBC and ER-positive subtypes were compared separately 

between AA and Caucasian cohorts, these racial differences disappeared, indicating that the 

apparent racial difference across all subtypes was driven by the higher proportion of TNBC 

among AA patients. We also compared estimates of clonal heterogeneity captured by the 

MATH score and found no significant differences between AA and Caucasian patients 

overall or within individual tumor subtypes.

Discussion

In this paper, we examined immunological differences, measured by immune gene mRNA 

expression and TIL counts, between breast cancers of AA and Caucasian patients in the 

TCGA. We sought to detect race-associated differences in the immune microenvironment of 

TNBC, where immune infiltration has been shown to have prognostic and chemotherapy 

response predictive functions.

We found no statistically significant difference in TIL counts, TIL distribution, molecular 

subtype distribution, or immunomodulatory scores between AA and Caucasian TNBC. 

Unfortunately, these analyses were limited by the small number of TCGA cases with race, 

TIL, and subtype annotation. There were many more cancers with available mRNA 

expression data, and analysis of immune metagenes and immunotherapy predictive gene 

signatures yielded more nuanced results, which suggested small, but potentially important 

differences. Overall, almost all immune metagenes had higher expression in AA compared 

to Caucasian breast cancers, and this reached significance for the MHC1 metagene. The 

higher overall expression of immune genes in AA across all subtypes is likely driven by the 

higher proportion of TNBC in the AA patient cohort, as TNBC in general contains more 

inflammatory cells. When patients with TNBC were analyzed separately by race, 10 of the 
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14 metagenes had lower expression in AA patients, suggesting at trend for lower immune 

activity in AA TNBC (n=58) compared to Caucasian TNBC (n=114). In contrast, ER-

positive cancers showed higher expression of 11 of 14 immune metagenes in AA compared 

to Caucasian patients, with significantly higher expression of MHC1 metagene (p-

adjusted=0.019). These results suggest subtle immunological differences between breast 

cancers in AA and Caucasian patients, but larger data sets will be required to validate these 

differences.

Racial differences in MHC1 metagene expression may relate to recent findings that germline 

HLA-I genotypes influence anti-tumor immunity. Chowell et al [39] found that maximal 

heterozygosity at HLA-I loci, as well as the presence of HLA-B44 superfamily alleles, 

improved patients’ overall survival after immune checkpoint therapy. A more diverse set of 

HLA-I molecules from a heterozygous individual is predicted to present a larger repertoire 

of tumor-derived neoantigens to cytotoxic T-cells, resulting in a more robust immune 

response. Racial differences in the distributions of HLA-I types have been well-described; in 

one study, AA participants had higher rates of heterozygosity at all HLA-I loci compared to 

Caucasian participants, but the HLA-B44*02 allele (a member of the B44 superfamily) was 

more frequent in Caucasian participants [40]. These differences potentially reflect that 

immune adaptations suited to ancestral environments differentially influence anti-tumor 

immunity following immunotherapy and are important areas of future investigation.

A recent study of AA and Caucasian cases from the TCGA, along with 194 Nigerian breast 

cancer cases, also found only modest racial differences in mRNA immune gene expression 

[41]. More significant molecular differences were detected at the DNA level, with increased 

homologous recombination deficiency and more frequent TP53 mutations in Nigerian, ER-

positive breast cancers compared to ER-positive cancers in Caucasian patients in the US. 

Also pointing to racial differences at the somatic DNA level, two previous studies detected 

more varied and more frequent somatic mutations in AA TNBC than in European-descent 

TNBC, suggesting more genomic instability in AA cancers [42, 43]. Given these findings, 

further profiling of germline and somatic aberrations in AA TNBC and the interplay with the 

tumor immune microenvironment is warranted.

Pitt et al [41] found enriched IFN-gamma activation in Nigerian and AA ER-positive 

cancers and increased macrophage infiltration in the Nigerian basal-like TNBC. Our study 

demonstrated no significant difference in IFN-gamma activation, reflected by the TIDE 

scores, between AA and Caucasian TNBC; however, the TIDE-estimated IFN-gamma score 

was higher in AA tumors across all subtypes. This difference appears to be driven by a low 

expression of IFN-gamma in Caucasian ER-positive cancers. Nonetheless, neither the 

overall TIDE score nor the Ayers metagene score was significantly higher in AA tumors of 

any subtype, suggesting that the higher IFN-gamma signature measured by TIDE did not 

translate to higher predicted benefit from immune checkpoint therapy. In another study, an 

interferon gene signature that was observed to be upregulated in AA prostate cancers was 

also found to be upregulated in the AA breast cancer microenvironment [44].

CIBERSORT deconvolution allowed us to infer the relative proportions of immune cell 

populations in AA and Caucasian TNBC. We detected significantly increased proportions of 
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T-regulatory cells and M0 macrophages in AA tumors across all subtypes. However, these 

differences did not meet statistical significance in AA TNBC compared to Caucasian TNBC. 

These findings are discordant with a previous CIBERSORT analysis that found a higher 

proportion of T-regulatory cells in AA TNBC/basal subtype cancers [45]. Interestingly, 

tumoral expression of MHC1 genes has been shown to augment T-regulatory cell function, 

and we did observe enrichment of MHC1expression in AA cancers relative to Caucasian 

cancers [46].

When differential gene expression analyses on the TNBC cases was performed, we found 

that APOE, encoding Apolipoprotein E, was the most differentially expressed gene between 

AA and Caucasian TNBC, with 2.13-fold higher expression in AA TNBC. A recent study 

demonstrated that ApoE signaling mediates levels of circulating myeloid-derived suppressor 

cells (MDSC), an immunosuppressive innate cell population, and in turn, T-cell activation 

and immunotherapy efficacy in cancer models [47]. We observed no significant difference in 

T-cell activation or T-cell exclusion (estimated in part by MDSC abundance) between AA 

and Caucasian TNBC. Nonetheless, the degree of lipoprotein signaling and the effects on T-

cell activation in the tumor microenvironment may be an important distinguishing factor 

between AA and Caucasian TNBC biology.

In conclusion, we found no large scale immunogenic differences between AA and Caucasian 

TNBC based on gene expression analysis. Overall, we observed a trend towards lower 

immune gene expressions in AA TNBC, but this did not reach statistical significance for 

most immune metrics. The power of our analyses is limited by the relatively small number 

of AA TNBC in the TCGA. Molecular, histologic and outcome data from the large, ongoing 

neoadjuvant and adjuvant trials (, , ) will be required to answer the question of whether 

subtle, race-associated differences in the tumor immune microenvironment influence clinical 

outcome.
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Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Expression of representative immune metagenes in breast cancer by patient race across 
all tumor subtypes.
Boxplots summarize the median and IQR expression of five representative immune 

metagenes by race in the TCGA cohort. All tumor subtypes are included. Log2-transformed 

median values, available cases (n), Wilcoxon Rank Sum p-values, and Bonferroni adjusted 

p-values are displayed for each metagene. Colored points represent the log2-transformed, 

normalized expression of ER-positive, HER2-positive, and TNBC cases for each metagene.
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Figure 2. Tumor Immune Dysfunction and Exclusion (TIDE) scores by patient race across all 
tumor subtypes.
The mean TIDE, IFN-gamma (“IFNG”), T-cell dysfunction (“Dysfunction”), and T-cell 

exclusion (“Exclusion”) scores are displayed for each race cohort, with error bars 

representing standard error of the mean. All tumor subtypes are included. The means of AA 

scores are in dark grey; the means of Caucasian scores are in light grey. **Student’s t-test 

p=0.014.
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Figure 3. Relative proportions of immune cell populations by patient race across all tumor 
subtypes.
A) Bars display the mean proportions of 9 aggregated immune cell populations. Race is on 

the x-axis, and the mean proportion of the leukocyte compartment is on the y-axis. All tumor 

subtypes are included (n=162 AA, n=697 Caucasian). The height of the bars is < 1.0 due to 

the fact that the mean proportion of each immune cell population was independently 

calculated, then aggregated. Colors represent individual immune cell populations.

B) Bars display the mean proportions of 22 immune cell populations. Immune cell 

population is on the x-axis, and the mean proportion of the leukocyte component, with 

standard error of the mean, is on the y-axis. All tumor subtypes are included. The mean of 

AA patients is in blue; the mean of Caucasian patients is in red. All p-values are Bonferroni 

adjusted. *** = statistical significance by Student’s t-test p<0.005: Macrophages M0 p-

adjusted=5.87e-06, Macrophages M2 p-adjusted=3.97e-06, T cells CD4+ memory resting p-

adjusted=5.17e-08, T cells follicular helper p-adjusted=1.41e-07, Mast cells resting p-

adjusted=1.16e-06, T cells regulatory p-adjusted=1.28e-05, Monocytes p-adjusted=5.44e-04.
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Figure 4. Differential expression of representative immune metagenes by patient race and 
individual tumor subtype.
Boxplots demonstrate the median and IQR expression of four representative immune 

metagenes, grouped by tumor subtype and patient race. TNBC cases are in the left panel and 

ER-positive cases in the right panel. Race is on the x-axis, and log2-transformed, normalized 

expression of the metagene is on the y-axis. Log2-transformed median values, available 

cases (n), Wilcoxon Rank Sum p-values, and Bonferroni adjusted p-values are displayed for 

each metagene.

O’Meara et al. Page 16

Breast Cancer Res Treat. Author manuscript; available in PMC 2020 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 5. Tumor Immune Dysfunction and Exclusion (TIDE) scores by patient race and tumor 
subtype.
The mean TIDE, IFN-gamma (“IFNG”), T-cell dysfunction (“Dysfunction”), and T-cell 

exclusion (“Exclusion”) scores are displayed for each race cohort with error bars 

representing standard error of the mean. The means of AA scores are in dark grey; the 

means of Caucasian scores are in light grey. A) Signatures for TNBC cases only, B) 

Signatures for ER-positive cases only.
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Figure 6. Expression of Ayers metagene member genes, clustered by rows and columns and 
annotated by patient race and tumor subtype.
Heatmap displaying the clustered expression of the genes in the Ayers metagene (n=18), 

annotated by patient race and tumor subtype. Columns represent patients, with pink (AA) vs. 

green (Caucasian) reflecting patient race and yellow (TNBC) vs. purple (ER-positive) 

reflecting tumor subtype. Rows represent individual genes, with normalized expression level 

represented from blue (low expression) to red (high expression). The heatmap is clustered by 

rows and columns.
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Figure 7. Relative proportions of immune cell populations by patient race in TNBC cases alone.
A) Bars display the mean proportions of 9 aggregated immune cell populations. Race is on 

the x-axis, and the mean proportion of the leukocyte compartment is on the y-axis. Only 

TNBC cases are included (n=58 AA, n=114 Caucasian). The height of the bars is < 1.0 due 

to the fact that the mean proportion of each immune cell population was independently 

calculated, then aggregated. Colors represent individual immune cell populations.

B) Bars display the mean proportions of 22 immune cell populations. Immune cell 

population is on the x-axis, and the mean proportion of the leukocyte component, with 

standard error of the mean, is on the y-axis. All tumor subtypes are included. The mean of 

AA patients is in blue; the mean of Caucasian patients is in red. All p-values are Bonferroni 

adjusted for FDR. ** = statistical significance by Student’s t-test p<0.05: T cells CD4+ 

memory resting p-adjusted=0.014.
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Figure 8. Stromal and total TIL counts by race in TNBC cases alone.
Density plots display the distributions of TIL counts in TNBC cases by race. Red and blue 

lines represent AA and Caucasian TNBC, respectively. The corresponding table represents 

the number of lymphocyte-predominant, lymphocyte-moderate, and lymphocyte-poor cases 

in each cohort, classified as >50% TIL infiltration, 10-50% TIL infiltration, and <10% TIL 

infiltration, respectively.

A) Stromal TIL counts from Loi et al are displayed as % of tumor stroma. n=20 AA 

Caucasian and n=88 Caucasian TNBC were considered. Neither the median stromal TIL 

counts (Wilcoxon p=0.350) nor the distribution of TIL burden classification (Chi-Square 

p=0.515) was significantly different between races.

B) Whole-section total TIL counts from Lehmann et al are displayed as % of whole section. 

n=51 AA Caucasian and n=91 Caucasian TNBC were considered. Neither the median 

stromal TIL counts (Wilcoxon p=0.546) nor the distribution of TIL burden classification 

(Chi-Square p=0.672) was significantly different between races.
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Figure 9. Comparison of genomic aberrations and clonal heterogeneity by race across all tumor 
subtypes.
Boxplots demonstrate the median and IQR scores of four genomic aberration measures and 

the MATH clonal heterogeneity score, grouped by race cohort. All tumor subtypes are 

included. Race is on the x-axis; log2-transformed score of the measure is on the y-axis. 

Log2-transformed median values, available cases (n), Wilcoxon Rank Sum p-values, and 

Bonferroni adjusted p-values are displayed for each measure. Colored points represent the 

log2-transformed scores of ER-positive, HER2-positive, and TNBC cases for each genomic 

metric. Abbreviations: Predicted NeoAgs = Predicted Neoantigens, MATH = Mutant-Allele 

Tumor Heterogeneity.
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Table 1.

Patient Characteristics

ALL PATIENTS (n=859) Caucasian (n=697) AA (n=162) p-value

Age (years), median 59 54 0.037

Interquartile Range (years) 49-67 47-67

Clinical subtype, n (%) 1.81e-07

ER+ 458 (65.7%) 82 (50.6%) 4.21e-04

HER2+ 125 (17.9%) 22 (13.6%) 0.204

ER-/HER2- (TNBC) 114 (16.4%) 58 (35.8%) 1.78e-07

Stage, n (%) 0.379

I 131 (18.8%) 30 (18.5%)

II 382 (54.8%) 93 (57.4%)

III 163 (23.4%) 30 (18.5%)

IV 11(1.6%) 4 (2.5%)

Not available 10 (1.4%) 5 (3.1%)

TNBC ONLY (n=172) Caucasian (n=114) AA (n=58) p-value

Age (years), median 54.5 51.5 0.839

Interquartile Range (years) 48-62 47-66

Stage 0.788

I 22 (19.3%) 10 (17.2%)

II 70 (61.4%) 34 (58.6%)

III 17 (14.9%) 12 (20.7%)

IV 2 (1.8%) 0 (0%)

Not available 3 (2.6%) 2 (3.5%)

Abbreviations: ER = Estrogen Receptor, HER2 = Human Epidermal Growth Factor Receptor-2, TNBC = Triple-Negative Breast Cancer
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