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/ABSTRACT

Background. The clinicopathological features and prognosis
of breast cancer in Asia are different from those in the West-
ern countries. Tumor-infiltrating immune cells can influence
the outcome of patients with breast cancer, but they have not
been systemically evaluated in Asian patients with breast
cancer.

Methods. We compared the immune score, composition, and
prognostic impact of infiltrating immune cells between Asian
and Western patients with breast cancer by analyzing gene
expression profiles from eight Gene Expression Omnibus data
sets and The Cancer Genome Atlas data set. The Estimation of
Stromal and Immune Cells in Malignant Tumours Using Expres-
sion Data (ESTIMATE) and Cell Type Identification by Estimating
Relative Subsets of Known RNA Transcripts (CIBERSORT) algo-
rithms were used to determine the immune score and compo-
sition of tumor-infiltrating immune cells, respectively.

Findings. This study included 462 Asian patients and 2,186
Western patients. Tumors of Asian patients had significantly
higher immune score, particularly in the luminal B and
HER2-enriched subtypes. High immune score was associ-
ated with favorable prognosis in both Asian and Western
patients, and Asian race with a high ESTIMATE immune
score provided additional power to predict longer disease-
free survival. Activated CD4 T cells and M2 macrophages
were the most strongly associated with survival in both
Asian and Western patients.

Interpretation. Our study highlights the difference in tumor
immune microenvironments between Asian and Western
patients. The higher ESTIMATE immune score, which repre-
sents more abundant tumor-infiltrating immune cells, in
tumors of Asian patients partly explains their favorable
prognosis. The Oncologist 2020;25:e16—e23

Implications for Practice: The tumor microenvironment serves as an interface that affects the human body’s reaction to
cancer cells. Evidence has revealed that tumor-infiltrating immune cells were associated with patient prognosis. This study
demonstrated the disparity of tumor microenvironments and their prognostic impact between Asian and Western patients
with breast cancer. The differences in immune score partially explained the racial survival differences noted in recent stud-
ies. Integrated analysis of tumor cells, tumor microenvironment, and racial effect may significantly improve recurrence risk
prediction for patients with stage I-lll breast cancer. Because the effect of tumor microenvironment varies across different
populations, a model of interaction between immune score and race/ethnicity is recommended in accessing the risk of
patients with cancer.

INTRODUCTION

The incidence of breast cancer in Asia is typically lower than
that in the West. However, breast cancer registry statistics
indicated that this incidence has rapidly increased in the

past three decades in Asian countries, and breast cancer is
presently the most frequently diagnosed cancer and the
fourth leading cause of cancer death in Asian women [1, 2].

Correspondence: Tzu-Pin Lu, Ph.D., Institute of Epidemiology and Preventive Medicine, Department of Public Health, National Taiwan Univer-
sity, No. 17 Xu-Zhou Rd., Taipei 10017, Taiwan. Telephone: 886233668042; e-mail: tplu@ntu.edu.tw; Ching-Hung Lin, M.D., Ph.D., National Tai-
wan University Hospital, No. 7 Chung-Shan South Rd., Taipei 10016, Taiwan. Telephone: 886223123456 ext. 66120; e-mail: chinghlin@ntu.
edu.tw Received February 12, 2019; accepted for publication July 11, 2019; published Online First on August 1, 2019. http://dx.doi.org/
10.1634/theoncologist.2019-0123

The Oncologist 2020;25:e16—e23 www.TheOncologist.com © AlphaMed Press 2019


https://orcid.org/0000-0002-1182-8191
https://orcid.org/0000-0003-2403-4056
mailto:tplu@ntu.edu.tw
mailto:chinghlin@ntu.edu.tw
mailto:chinghlin@ntu.edu.tw
http://dx.doi.org/10.1634/theoncologist.2019-0123
http://dx.doi.org/10.1634/theoncologist.2019-0123

Chen, Lu, Cheng et al.

el7

The westernized lifestyle is intuitively considered the major
cause of such an increase in Asia [3, 4], and the biology of
breast cancer in Asian patients has been thought to be simi-
lar to that of their Western counterparts.

However, some studies have reported discrepancies in the
pathological features, molecular subtypes, and prognosis of
breast cancer between patients in Asian and Western countries
[5-8]. Specifically, some studies have shown more vigorous
host responses through more intense lymphocytic infiltration in
breast cancer in Japanese women, compared with that in white
women, and reported a more favorable prognosis [5, 9-11].
Our prior studies showed a high prevalence of the hormone
receptor-positive and human epidermal growth factor receptor
2 (HER2)-negative breast cancer in young women in Taiwan,
and these young patients had relatively favorable prognosis [7,
8]. The finding of favorable prognosis in Asian patients was
supported by two studies of immigrants in the U.S. These stud-
ies, based on U.S. Surveillance, Epidemiology, and End Results
(SEER) 9 and SEER18 data, showed that Asian American women
with breast cancer survived longer than those of other racial
groups, including white non-Hispanic Americans, and suggested
ethnic differences in breast tumor biology [12, 13].

In recent years, numerous studies have reported an associa-
tion between prognosis and the levels of tumor-infiltrating
immune cells in many solid tumors, as reviewed by Fridman
et al. [14]. Several studies have reported a positive prognostic
and predictive relevance between the abundance of tumor-
infiltrating lymphocytes (TILs) and patients’ outcome or treat-
ment response in breast cancer [15-19]. However, the prognostic
and predictive roles among different TIL subsets vary. For
example, CD4-positive, CD25-positive regulatory T cells express
forkhead box P3 (FOXP3) and exhibit suppressor activity, and
infiltration by high FOXP3-positive regulatory T cells has been
shown to be associated with shorter survival in several solid
tumors [20]. In addition, breast cancer commonly involves
tumor-associated macrophages, which have also been shown
to be associated with shorter survival [21, 22].

The amount, composition, and prognostic impact of tumor-
infiltrating immune cells of breast cancer have not been
systemically evaluated in Asian patients. We used bioinfor-
matics tools to analyze gene expression profiles and systemi-
cally compared the representative amount and composition
of infiltrating immune cells in breast cancer between Asian
and Western patients. Furthermore, we evaluated the prog-
nostic value of infiltrating immune cells in both populations.

MATERIALS AND METHODS

Data Acquisition

Gene expression microarray data from primary breast tumors
were obtained from the Gene Expression Omnibus (GEO) [23,
24] and The Cancer Genome Atlas (TCGA) [25] databases. From
the GEO database, we selected breast cancer data sets that ana-
lyzed surgical specimens using noncustomized expression arrays
with case numbers of more than 100 patients and publication
date after 2010. Cancer stage, patient age, and disease-free sur-
vival (DFS) and/or overall survival (OS) were the required clinical
variables. Patients with stage IV disease or with unavailable
age or staging information and studies from clinical trials were
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excluded from the analysis. Duplicated cases were analyzed using
average expression levels. The basic information of the obtained
data sets is summarized in supplemental online Table 1. In total,
six data sets from cohorts of white, Western patients (GSE21653,
GSE22219, GSE25066, GSE37751, GSE42568, and GSE58644),
one data set from a cohort of Asian patients (GSE20685),
and two data sets from cohorts of patients of multiple races
(GSE45255 and TCGA) were retrieved [26-33]. The microarray
platforms used in the data sets included the Affymetrix Human
Genome U133A Array, Affymetrix Human Genome U133 Plus 2.0
Array, Affymetrix Human Gene 1.0 ST Array, lllumina humanRef-
8 v1.0 expression beadchip, and lllumina Hiseq. Cancer staging
was obtained directly from the data sets or indirectly from tumor
size and lymph node status.

Molecular Subtyping, Immune Score, and
Compositions of Inmune Cells

Probes mapping across microarray platforms was done using
Entrez Gene ID. Raw data in. CEL files were downloaded and
normalized with the robust multiarray average algorithm in the
Affy package of the R program [34]. Quantile normalization
algorithm was used in the U133 Plus 2.0 Array to obtain the
reference baseline data. The remaining data sets were adjusted
to the reference data to reduce systematic bias. Gene annota-
tion was based on the Genome Reference Consortium Human
Build 38 patch release 7. Molecular subtyping of breast cancer
was determined on the basis of gene expression levels using
the Prediction Analysis of Microarray 50 (PAMS50) algorithm
of the genefu package [35]. The Estimation of Stromal and
Immune Cells in Malignant Tumours Using Expression Data
(ESTIMATE) algorithm was used to estimate the immune score,
which inferred the abundance of infiltrating immune cells [36].
The compositions of infiltrating immune cells were estimated
using the Cell Type Identification by Estimating Relative Subsets
of Known RNA Transcripts (CIBERSORT) algorithm, which can
calculate the proportions of 22 types of immune cells [37] and
has been used to determine the prognostic effects of individual
immune cell subsets across various cancers [38].

Statistical Analysis

Categorical variables are presented as the frequencies and
percentages, and their distributions between Asian and West-
ern patients were compared using the chi-square test. An
unequal variance t test was applied to compare the immune
scores. A linear mixed effect model with the study platform
variable as random intercept was performed to minimize the
biases introduced by different mRNA quantification methods.
A proportional z test with Benjamini-Hochberg adjustment
was used to compare the proportion of each immune cell sub-
set between Asian and Western patients. To analyze the prog-
nostic effects, the immune score and each immune subset
were individually dichotomized into two groups (high and
low) by the median value of all analyzed subjects. The survival
outcomes were estimated using the Kaplan-Meier method. In
the univariate analysis, the effects of each potential prognostic
factor for the DFS or OS outcomes were examined using the
log-rank test. Multivariate analysis was conducted by fitting
Cox proportional hazards models to estimate the adjusted
effects of prognostic factors on the DFS and OS outcomes. In
exploratory analyses, p < .05 was used to indicate statistical
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significance, and all tests were two-tailed. All statistical ana-
lyses were performed using the R program version 3.3.2.

RESULTS

Demographics, Molecular Subtypes, and Survival

A total of 462 Asian and 2,186 Western patients with breast
cancer were included in this study. Among them, 1,356 and
1,788 cases had information on OS and DFS, respectively
(Fig. 1). The demographic characteristics of Asian and Western
patients are shown in supplemental online Table 2. Compared
with Western patients, Asian patients were younger and had
lower frequencies of the luminal A and basal subtypes but
higher frequencies of the luminal B and HER2-enriched sub-
types. Univariate analysis showed that Asian patients had sig-
nificantly longer OS (supplemental online Fig. 1A) and DFS
(supplemental online Fig. 2A) when compared with Western
patients, and the difference was statistically significant in the
luminal A and basal subtypes (supplemental online Fig. 1B, E)
in terms of OS and in the luminal B and basal subtypes in
terms of DFS (supplemental online Fig. 2C, E). In multivariate
analysis, Asian patients presented lower hazards of death (haz-
ard ratio [HR], 0.61; 95% confidence interval [Cl], 0.46 — 0.83)
and disease relapse (HR, 0.64; 95% Cl, 0.51 — 0.80) after
adjustment for tumor stage and molecular subtype (supple-
mental online Table 3).

ESTIMATE Immune Score and Prognostic Effects
Compared with those of Western patients, breast tumors of
Asian patients had a significantly higher immune score (1,187
vs. 1,014; p < .0001), and the difference was statistically signif-
icant in the luminal B subtype (1,091 vs. 823, p = .0001) and
marginally significant in the HER2-enriched subtype (1,513
vs. 1,275; p = .0593; Table 1). The linear mixed model showed
that race and PAM50 subtype were the determinants for the
ESTIMATE immune score. Specifically, tumors of Asian patients
and of the HER2-enriched, basal, and normal-like subtypes
were associated with higher immune score (supplemental
online Table 4).

The OS and DFS according to the race and level of the
ESTIMATE immune score are shown in Figure 2A and supple-
mental online Figure 3A, respectively. The OS and DFS curves
according to the individual PAM50 subgroups are shown in
Figure 2B—F and supplemental online Figure 3B—F, respec-
tively. The prognostic values of the ESTIMATE immune score
in all subtypes and among individual PAM50 subtypes after
adjustment of age, stage, and/or PAM50 subtype are shown
in Table 2. A higher ESTIMATE immune score was significantly
associated with longer DFS and OS in both the Asian and
Western subgroups (HR ranged from 0.45 to 0.75; Table 2). In
the Asian subgroup, there was a statistically significant posi-
tive association between the ESTIMATE immune score and
survival in the basal subtype in terms of OS and DFS, and
there was a trend toward positive association in the luminal
B subtype in terms of OS and in the HER2-enriched subtype
in terms of DFS. In the Western subgroup, there was a statis-
tically significant positive association between the ESTIMATE
immune score and survival in the HER2-enriched and basal
subtypes in terms of DFS. In contrast, a higher ESTIMATE
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Search “Breast cancer” in GEO
Datasets (n = 86,609)

Exclude:

Not Homo sapiens, n = 5,881

Non Expression profiling by array, n = 78,746
Publication date before 2010/1/1, n = 446
Sample count <100, n = 250

Review dataset information
(n=177)

1—>

Data preprocessing
(8 GEO datasets + TCGA)

Exclude:
Customized array, unavailable age, stage, or

prognosis information, n = 169

Remove duplicated cases

Remove stage IV disease

v Remove unknown age or stage status

2,648 cases in total:
462 Asian, 2,186 Western

Figure 1. Study flow diagram. By applying searching filter,
177 studies were found. A total of eight data sets met selection
criteria in further evaluation.

Abbreviations: GEO, Gene Expression Omnibus; TCGA, The Cancer
Genome Atlas.

Table 1. Comparison of Estimation of Stromal and Immune
Cells in Malignant Tumours Using Expression Data
(ESTIMATE) immune scores of breast tumors between Asian
and Western patients

Tumor Asian Western

subtype patients patients p value
All subtypes 1,187 1,014 <.0001
Luminal A 958 866 .2009
Luminal B 1,091 823 .0001
HER2-enriched 1,513 1,275 .0593
Basal 1,477 1,381 4242
Normal-like 1,317 1,187 .5053

Abbreviation: HER2, human epidermal growth factor receptor 2.

immune score was associated with shorter DFS in the luminal
A subtype of the Western subgroup (HR, 2.09; p = .0206;
Table 2).

To explore whether a higher ESTIMATE immune score in
tumors contributed to the more favorable prognosis of
Asian patients than Western patients, we used the interac-
tion between the ESTIMATE immune score and race as a
variable in the Cox survival analysis. Asian race with a high
ESTIMATE immune score provided additional power to pre-
dict longer DFS but did not reach statistical significance for
OS (supplemental online Table 5). The stratified analysis
showed that, for all PAM50 subtypes, Asian patients had
significantly longer OS in the high and low immune score
strata and longer DFS in the low immune score stratum
when compared with Western patients. In addition, Asian
patients had significantly longer DFS in the strata of luminal
B subtype with high immune score and longer OS and DFS
in the strata of basal-like subtype with high immune score
(supplemental online Table 6).

Oncologist
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Figure 2. Overall survival by race and Estimation of Stromal and Immune Cells in Malignant Tumours Using Expression Data
(ESTIMATE) immune core across all subtypes and individual Prediction Analysis of Microarray 50 (PAM50) subtypes. (A): All sub-
types. Asian race and high immune score were associated with longer survival. (B—=F): PAM50 subtypes, including luminal A (B),
luminal B (C), HER2-enriched (D), basal (E), and normal-like (F). The prognostic effects of Asian race and high immune score
remained significant in patients with luminal A and basal breast cancer. A similar trend can be seen in luminal B subtype (p = .05).
In HER2-enriched and normal-like subtypes, the prognostic effects of Asian race and high immune score were insignificant.

Abbreviation: IS, immune score.

Infiltrating Immune Cell Subsets and Prognostic
Effects

After adjustment for multiple comparisons, the compositions
of infiltrating immune cells were not significantly different
between the tumors of Asian and Western patients (Fig. 3).
The adjusted analysis of prognostic effects of each immune
cell subset on OS and DFS are shown in Figure 4 and supple-
mental online Figure 4, respectively. In terms of OS, the prog-
nostic impact of each immune cell subset had the same
trend in both the Asian and Western subgroups. Among
them, high level of activated CD4 T cells and low level of M2
macrophages were significantly associated with longer OS in
both Asian and Western patients (Fig. 4A, B). Memory B cells
and CD8 T cells were significantly associated with longer OS
in Asian patients (Fig. 4A). Resting dendritic cells, resting
mast cells, M1 macrophages, CD8 T cells, and gamma-delta T
cells were significantly associated with longer OS, and acti-
vated mast cells were associated with shorter OS in the
Western subgroup (Fig. 4B). In terms of DFS, activated CD4 T
cells were significantly associated with longer DFS in both
Asian and Western patients (supplemental online Fig. 4A, B).
Memory B cells were associated with longer DFS, and M2
macrophages, neutrophils, and activated dendritic cells were
associated with shorter DFS in the Asian subgroup (supple-
mental online Fig. 4A). Naive CD4 T cells, MO macrophages,
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and activated natural killer cells were associated with shorter
DFS in the Western subgroup (supplemental online Fig. 4B).

Discussion

We demonstrated that Asian patients with breast cancer had
significantly longer OS and DFS than Western patients. The
breast tumors of Asian patients had significantly higher ESTI-
MATE immune scores. A high immune score was associated with
longer OS and DFS in both Asian and Western patients, and
Asian race with a high ESTIMATE immune score had additional
impact on longer DFS. The composition of tumor-infiltrating
immune cells was not significantly different between the tumors
of Asian and Western patients. The prognostic effects of individ-
ual immune cell subsets were generally consistent across differ-
ent races and survival endpoints. Among them, activated CD4 T
cells and M2 macrophages had the most prominent effect on
prognosis and were associated with longer and shorter survival,
respectively.

The univariate and multivariate analyses showed that Asian
patients had significantly longer OS and DFS when compared
with Western patients (supplemental online Figs. 1 and 2; sup-
plemental online Table 3). This finding was consistent with that
of previous immigration studies based on U.S. SEER9 and
SEER18 data, which showed that Asian American women with
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Table 2. Associations of Estimation of Stromal and Immune Cells in Malignant Tumours Using Expression Data (ESTIMATE)
immune score (high versus low) with OS and DFS, stratified by race and PAM50 subtype (adjusted for age and stage)

oS DFS

Race, PAM50 subtype HR (95% ClI) p value HR (95% ClI) p value

Asian
All subtypes? 0.45 (0.28-0.71) <.0001 0.51 (0.34-0.77) .0014
Luminal A 1.34 (0.46-3.91) .5979 0.83 (0.35-1.95) .6713
Luminal B 0.51 (0.24-1.09) .0831 0.76 (0.39-1.48) 14200
HER2-enriched 0.53 (0.21-1.39) .1995 0.44 (0.19-1.04) .0610
Basal 0.05 (0.01-0.37) .0037 0.06 (0.01-0.44) .0056
Normal-like 0.46 (0.03-7.98) .5925 NRP

Western
All subtypes® 0.64 (0.44-0.94) .0206 0.75 (0.60-0.92) .0061
Luminal A 0.80 (0.39-1.61) .5273 2.09 (1.11-3.94) .0226
Luminal B 0.66 (0.29-1.52) .3304 0.92 (0.65-1.29) .6245
HER2-enriched 0.66 (0.23-1.94) 4544 0.40 (0.24-0.69) .0010
Basal 0.58 (0.28-1.22) .1532 0.60 (0.42-0.85) .0040
Normal-like 0.61 (0.20-1.84) .3781 1.33 (0.38-4.65) .6525

aAdditional adjustment for PAMS50 subtype.
PCox regression failed because of collinearity.

Abbreviations: Cl, confidence interval; DFS, disease-free survival; HER2, human epidermal growth factor receptor 2; HR, hazard ratio; NR, not

reached; OS, overall survival; PAM50, Prediction Analysis of Microarray 50.

breast cancer had longer survival than other racial groups,
including white non-Hispanic Americans, and suggested a
genetic background effect [12, 13]. In this study, the survival
differences were more prominent in the basal subtype, with
statistical significance in OS and DFS (supplemental online
Figs. 1E and 2E) and in the luminal B subtype, with a strong
trend in OS (supplemental online Fig. 1C) and statistical signifi-
cance in DFS (supplemental online Fig. 2C). These novel find-
ings warrant further validation and may be relevant in clinical
practice.

This was the first study to report a higher ESTIMATE
immune score, which is a surrogate of the amount of
tumor-infiltrating immune cells, in tumors of Asian patients
than in those of Western patients. The finding was consis-
tent with that of previous pathological studies, which con-
sistently reported much more intense lymphoid or plasma
cell infiltration in breast tumors in Japanese women than in
their American counterparts [9-11, 39], and a multiomic
study, which showed that breast cancers from younger
Asian patients harbor more immune-active microenviron-
ments than breast cancers from Western patients [40]. In
addition, the translational study of the Cleopatra trial, a
randomized phase Il trial to evaluate the efficacy of per-
tuzumab in HER2-positive metastatic breast cancer, showed
significantly higher TIL values in Asian participants than in
white participants [41]. Consistently, our study showed a
strong trend of higher immune scores in HER2-enriched
tumors of Asian patients than in their Western counterparts
(1,513 vs. 1,275; p = .0593; Table 1).

The reason for the difference in ESTIMATE immune
score between Asian and Western patients remains unclear.
Genetic factor is likely to be the cause, but nongenetic fac-
tors such as diet or microbiome could also contribute to the
disparity in tumor immune microenvironment. For example,
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Proportion of Immune
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Follicular helper T cells o— 44

Naive B cells —@ 73

Activated dendritic cells @ .80

Resting mast cells o— 17

Activated CD4 T cells o— 17

Memory B cells —e 17

Monocytes o— 17

M1 Macrophages @ 71

Eosinophils o 99

Resting dendritic cells @ 57

M2 Macrophages e ) 17

Neutrophils ) .80

CD8 T cells o 99

Resting CD4 T cells [ ] 99

Regulatory T cells @@ .36

Activated mast cells » 99

Naive CD4 Tcells @ 99

Activated NK cells @ 99

Plasmacells @ .80

Gamma delta T cells @ 99

Resting NK cells @ .83

MO Macrophages @ 73

Figure 3. Proportions of immune cell subsets in Asian and
Western breast tumors. Monocytes, M1 macrophages, gamma-
delta T cells, naive CD4 T cells, and regulatory T cells exhibited
different percentage between races, but statistical analysis was
insignificant. * indicates p value calculated by proportional
Z test with Benjamini-Hochberg adjustment.

Abbreviation: NK, natural killer.

numerous studies have shown the crosstalk of gut micro-
biome and the immune system, and the influence of the
microbiome on the cancer immunotherapy response [42].
An association of the diversity of gastrointestinal micro-
biome with the expression of TILs in breast cancer was
recently reported [43]. In addition, the prior studies showed
gut microbiota diversity across ethnicities in the U.S. [44]
and between adult twins in Korean and the U.S. [45].

In this study, the adjusted analyses showed that a higher
ESTIMATE immune score was associated with longer OS and DFS

Oncologist



Chen, Lu, Cheng et al.

e2l

A

Asian
Immune Cell Type

Overall survival

95% Cl.

Activated CD4 T cells —m— (0.196-0.634)*
Memory B cells —u— (0.366-0.978)*
CD8 T cells —a— (0.389-0.994)*
Resting mast cells —u— (0.390-1.011)
Resting CD4 T cells —a— (0.424-1.065)
Monocytes — (0.399-1.195)
M1 Macrophages — (0.426-1.165)
Gamma delta T cells —— (0.444-1.138)
Resting NK cells — (0.538-1.340)
Activated NK cells —— (0.562-1.354)
Regulatory T cells — (0.545-1.524)
Plasma cells —— (0.613-1.608)
Resting dendritic cells — (0.675-1.688)
Follicular helper T cells —m— (0.632-1.903)
Naive CD4 T cells —a— (0.611-2.028)
Naive B cells e (0.754-1.836)
Activated mast cells —— (0.752-1.884)
MO Macrophages m (0.872-2.095)
Activated dendritic cells —— (0.909-2.312)
Neutrophils i m—  (0.968-2.415)
Eosinophils —@— (0.891-3.753)
M2 Macrophages C—m— (1.207-3.399)%
T T 1
0.1 0.5 2.0

Hazard Ratio

Western
Immune Cell Type

Overall survival

95% CI.

Activated CD4 T cells —.— (0.277-0.658)*
Resting dendritic cells —— (0.433-0.853)*
M1 Macrophages —— (0.437-0.863)*
Resting mast cells —— (0.451-0.956)*
CD8 T cells — (0.463-0.952)*
Gamma delta T cells — (0.481-0.941)*
Activated dendritic cells — (0.501-1.172)
Resting CD4 T cells ——— (0.575-1.161)
Regulatory T cells L (0.671-1.312)
Eosinophils — (0.625-1.470)
Naive B cells — (0.701-1.374)
MO Macrophages —— (0.708-1.455)
Memory B cells —. (0.648-1.599)
Plasma cells —m— (0.764-1.487)
Activated NK cells —i— (0.803-1.561)
Follicular helper T cells e (0.853-1.731)
Resting NK cells —— (0.848-1.786)
Monocytes . (0.915-1.794)
Neutrophils —— (1.060-2.274)*

Naive CD4 T cells
M2 Macrophages
Activated mast cells

4@ (0.918-2.643)
L —m— (1.423-2.784)*
—m— (1.384-2.882)*

I I 1
0.1 0.2 05 1.0 2.0
Hazard Ratio

Figure 4. Prognostic effects of individual immune cell subsets on overall survival. (A): Effects of cell subsets on Asian patients.
Adjusted for age, stage, and Prediction Analysis of Microarray 50 (PAMS50) subtype, activated CD4 T cells, memory B cells, and CD8
T cells were associated with better prognosis, whereas M2 macrophage was associated with worse prognosis. (B): Effects of cell
subsets on Western patients. The effects of activated CD4 T cells, CD8 T cells, and M2 macrophages were similar in Western

patients with breast cancer. * indicates p < .05.
Abbreviations: Cl, confidence interval; NK, natural killer.

in both the Asian and Western subgroups, and the associations
were more prominent in the basal, HER2-enriched, and luminal
B subtypes. In contrast, a higher ESTIMATE immune score was
associated with shorter DFS in Western patients with luminal A
breast cancer (Table 2). The ESTIMATE immune score represents
the amount of tumor-infiltrating immune cells, and approxi-
mately half of these cells were TILs. Our findings were consistent
with prior studies that showed the positively prognostic rele-
vance of TILs in triple-negative and/or HER2-positive breast can-
cer [15-19]. For luminal breast cancer, a translational study of
neoadjuvant trials by the German Breast Cancer Group reported
the unusual finding of shorter OS in patients with high TILs in
luminal-HER2-negative disease, which were based on immuno-
histochemistry and in situ hybridization (for HER2 2+) [46]. Our
study defined the molecular subtypes by gene expressions, and
the adjusted univariate analysis showed that high immune score
was associated with shorter DFS in the luminal A subtype of the
Western subgroup but with a trend toward longer OS in the
luminal B subtype of the Asian subgroup. These findings sug-
gest that there are differences in the immune microenvi-
ronment of the luminal A and luminal B breast tumors.

Our study revealed no significant difference in the
immune cell compositions of breast tumors between the
Asian and Western patients. The statistical analysis (pro-
portional z test with Benjamini-Hochberg adjustment) was
relatively conservative and did not account for the abso-
lute number of each immune subset; thus we cannot
completely exclude the existence of some minor differ-
ences between these two subgroups. For example, the
percentages of plasma cells, follicular T cells, and M1 and
M2 macrophages were numerically higher in the breast
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tumors of Asian patients. Our study revealed the complex
prognostic effects of immune compositions. This complex-
ity was similar to that reported in recent two studies on
breast cancer conducted using the same methodology [47,
48]. Ali et al. highlighted that regulatory T cells, MO macro-
phages, and M2 macrophages were the most strongly
associated with poor outcomes, irrespective of their estro-
gen receptor (ER) status, and that CD8 T cells and acti-
vated memory CD4 T cells were associated with longer
survival in ER-positive tumors [47]. Bense et al. reported
that higher proportions of regulatory T cells, activated
mast cells in HER2-positive tumors, and MO macrophages
in ER-positive tumors were associated with shorter sur-
vival and that an increased proportion of gamma-delta T
cells in all subtypes was related to a higher pathological
complete response rate and prolonged survival [48]. In
concordance with these studies, our study showed that
activated CD4 T cells and M2 macrophages were the most
strongly associated with survival in both Asian and West-
ern patients (Fig. 4 and supplemental online Fig. 4).

Finally, we acknowledge that this study has some limita-
tions. First, ethnicity information was not available in some
databases. A small percentage of Asian patients included in the
Western databases could be misclassified as Western patients.
Second, DFS or OS data were not available in some of the data-
bases. Third, the Western patients were relatively older, which
may contribute to their shorter OS when compared with Asian
patients. To minimize the bias, we adjusted age and stage in
the survival analyses. Fourth, tumor grade, a known prognostic
factor, was only available for 56% of patients. Therefore, we
did not include tumor grade in the survival analysis.

© AlphaMed Press 2019
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CONCLUSION

As a first step toward determining the role of tumor-infiltrating
immune cells in Asian patients with breast cancer, we showed
that the tumors of Asian patients had higher ESTIMATE immune
scores than their Western counterparts. The higher ESTIMATE
immune scores in breast tumors of Asian patients partially
explain the more favorable prognosis of Asian patients compared
with Western patients. Further studies are warranted to validate
the difference in immune compositions and the prognostic
effects of immune subsets in breast tumors of Asian patients.
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