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Abstract

Purpose—Mammographic density (MD) is a strong risk factor for breast cancer, yet its
relationship with tumor characteristics is not well established, particularly in Asian populations.

Methods—MD was assessed from a total of 2001 Chinese breast cancer patients using Breast
Imaging Reporting and Data System (BI-RADS) categories. Molecular subtypes were defined
using immunohistochemical status on ER, PR, HERZ2, and Ki-67, as well as tumor grade.
Multinomial logistic regression was used to test associations between MD and molecular subtype
(luminal A = reference) adjusting for age, body mass index (BMI), menopausal status, parity, and
nodal status.

Results—The mean age at diagnosis was 51.7 years (SD = 10.7) and the average BMI was 24.7
kg/m?2 (SD = 3.8). The distribution of BI-RADS categories was 7.4% A = almost entirely fat,
24.2% B = scattered fibroglandular dense, 49.4% C = heterogeneously dense, and 19.0% D =
extremely dense. Compared to women with BI-RADS = A/B, women with BI-RADS = D were
more likely to have HER2-enriched tumors (OR = 1.81, 95% CI 1.08-3.06, p= 0.03), regardless
of menopausal status. The association was only observed in women with normal (< 25 kg/m?)
BMI (OR =2.43, 95% CI 1.24-4.76, p < 0.01), but not among overweight/obese women (OR:
0.98, 95% CI 0.38-2.52, p=0.96).
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Conclusions—Among Chinese women with normal BMI, higher breast density was associated
with HER2-enriched tumors. The results may partially explain the higher proportion of HER2+
tumors previously reported in Asian women.

Mammographic density; Tumor subtype; Breast cancer; BI-RADS

Introduction

Variations in the composition of breast tissue, such as fat, stromal, and epithelial tissues, and
their presentation on radiologic images have been shown to contribute differentially to the
risk of breast cancer [1]. Mammographic density (MD) is an established, strong risk factor
for breast cancer [2], and previous research suggests that MD may be associated with more
aggressive tumor characteristics, including higher grade and larger tumor size [3, 4], and
possibly, molecular tumor subtypes [5-8]. However, results from these studies have been
inconsistent. Some studies suggest associations of similar magnitudes between MD and all
tumor subtypes, while others suggest that the associations are driven specifically by estrogen
receptor (ER)-positive (+) or ER-negative (=) tumors [9-12]. One meta-analysis showed the
association between MD and ER + and ER- tumors to be of similar magnitude in case-
control and case-only designs, although significant heterogeneity across studies was found
[11]. Further, the majority of these studies were conducted in Western settings where women
are regularly screened.

The MD distribution and prevalence of tumor subtypes has been shown to vary by race/
ethnicity [13-16]; however, little is known about the relationship between MD and clinical
features of breast tumors in Asian populations. Asian women are known to have a higher
proportion of denser breasts [15, 17-20], tend to have an earlier age at breast cancer onset,
and have a higher proportion of HER2-enriched tumors [14, 21] compared to Western
women. Replication of studies in diverse populations may provide additional insight into the
subtype-specific etiology of breast cancer. The objective of the current study was to
comprehensively assess the relationship between MD and molecular tumor markers (ER,
PR, HER2, Ki-67, CK5/6, EGFR, and TP53) and clinical characteristics (node, grade, and
tumor size) among women with breast cancer in China, where the breast cancer incidence
rate, prevalence of known risk factors, screening practices, and MD are thought to be
markedly different from those of Western women.

Materials and methods

Study population

The study population includes 2001 invasive breast cancer cases diagnosed and treated at the
National Cancer Center/National Clinical Research Center for Cancer/Cancer Hospital,
Chinese Academy of Medical Sciences and Peking Union Medical College (CHCAMYS),
Beijing, during 2008 to 2016. Eligible cases included those who had a confirmed breast
cancer diagnosis, complete ER, PR, and HER?2 status, information on established risk
factors, and diagnostic mammograms available. A subset of patients diagnosed in each of

Breast Cancer Res Treat. Author manuscript; available in PMC 2020 June 19.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Lietal.

Page 3

these years were randomly selected for MD assessment. The majority of these patients were
symptomatic and only a small proportion (< 10%) were detected through physical exams or
screening. The distribution of demographic and clinical characteristics of the patients
included in this MD evaluation was similar to the overall breast cancer patient population
diagnosed at CHCAMS between 2008 and 2016 (/= 10,546, Supplementary Table 1). The
project was approved by the CHCAMS Ethics Committee and was exempted from review by
the Office for Human Research Protections at the National Institutes of Health because it did
not involve interaction with human subjects and/or use of personal identifying information
(exempt# 11,751).

Mammographic density (MD)

Images from full-field digital diagnostic mammograms were retrospectively scored for MD
by a trained radiologist (EL) using the Breast Imaging Reporting and Data System (BI-
RADS) guidelines recommended by the American College of Radiology (5th edition). MD
was classified into four categories: A = almost entirely fat, B = scattered fibroglandular
densities, C=heterogeneously dense, and D = extremely dense [22]. To assess inter-
radiologist variability, a subset of images (n = 144) was independently read by four senior
radiologists. The average inter-observer agreement was 0.66 (range of weighted kappa =
0.59-0.70) for BI-RADS four levels and 0.73 (range of kappa = 0.61-0.83) for two levels
(non-dense [A + B] and dense [C + D]). We also performed a masked repeated review of 51
randomly selected cases to assess intra-observer variability (EL) and scores did not
significantly differ across readings (concordance = 84.7%, p = 0.54).

Clinical characteristics and immunohistochemical (IHC) subtype

Risk factors

Clinical characteristics including nodal status (positive/negative), tumor size (< 2 cm/> 2
cm), grade (well [1], moderately [11], and poorly [I11] differentiated), and IHC marker status
were extracted from pathology reports. ER and progesterone receptor (PR) tumor expression
were considered positive for IHC with = 1% nuclear staining. HER2 expression was
determined by IHC and fluorescence in situ hybridization (FISH). An IHC score of 3+ or a
FISH-positive test result was defined as HER2+. HER2 IHC 2+ cases without FISH data
were considered negative. IHC staining data was available for Ki-67 (n=1530), EGFR (n=
1414), CK5/6 (n=1463), and TP53 (7= 1307). Ki-67 was considered high if 30% or more
of the cells showed nuclear staining. For EGFR and CK5/6, > 1% staining was considered
positive. TP53 expression was classified into two categories (negative = 0% and positive >
0%). We used Ki-67 status (low/high) to discriminate luminal A and B and used tumor grade
as a surrogate for patients with missing Ki-67 [23]. Molecular subtypes were defined as:
luminal A: ER+ or PR+, HER2-, and low Ki-67/histologic grade (I or 11); luminal B-
HER2+ : ER+ or PR+, and HER2+; luminal B-high proliferative: ER+ or PR+, HER2-, and
high Ki-67/histologic grade (111); HER2-enriched: ER-, PR—, and HER2+; and triple-
negative (TN)-basal like: ER—, PR-, HER2-, and EGFR+ or CK5/6+. We excluded tumors
that stained negative for all five markers due to small sample size (n=7).

Risk factors were extracted from medical records and included age at diagnosis (< 45 years
[reference], 45-55 years, > 55 years), body mass index (BMI) (underweight/normal: < 25
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[reference], overweight: 25-30, obese: > 30 kg/m?), family history of breast cancer (yes/no),
and reproductive factors including age at menarche, age at menopause, menopausal status
(premenopausal/post-menopausal), parity (nulliparous/parous), and breastfeeding history
(yes/no). BMI categories underweight/normal were combined due to the small number (7=
26, 1.5%) of underweight women.

Statistical analysis

Results

Differences in the distribution of each risk factor and tumor feature by BI-RADS density
categories were assessed using one-way analysis of variance (ANOVA) for continuous
variables or Chi square tests for categorical variables. Cumulative logistic regression using
the CLOGIT function was used to evaluate the relationships between MD (outcome
variable) and each risk factor or tumor feature with the adjustment for age and BMI
(Supplementary Table 2). Multinomial logistic regression models were used to test
associations between MD and tumor subtype (outcome variable) with the adjustment for
confounders. BI-RADS categories A and B were combined in the final multinomial model
as the “non-dense” group due to a small number of women with almost entirely fatty breasts
(n =147, 7.4%). Odds ratios (ORs) and 95% confidence intervals (Cls) were estimated
comparing each tumor subtype to the luminal A subtype. Variables that were significantly
associated with MD in the age and BMI adjusted model were included in the final model
(menopausal status (premenopausal [reference] vs. postmenopausal), parity (nulliparous
[reference] vs. parous), and nodal status (positive vs. negative [reference]). Breastfeeding
was significant in the age and BMI adjusted model, but its inclusion did not change the
results and therefore, was eliminated from the final model due to additional missing data (7
=424, 21%). Analyses were also stratified by menopausal status and BMI to determine if
the association between MD and molecular subtype varied by these factors. In the BMI
stratified models, we additionally adjusted for BMI as a continuous covariate to reduce
residual confounding by BMI within strata, and the results were similar (Supplementary
Table 3). We also conducted a sensitivity analysis excluding IHC HER2 2+ cases with
missing FISH data. The results were also similar and therefore we included HER2 2+ with
missing FISH data in the final models. All p values presented are two-sided. Analyses were
conducted using SAS version 9.3 (SAS Institute, Cary, NC).

The final analysis included 2001 Chinese women diagnosed with breast cancer between
2008 and 2016. The mean age at diagnosis was 51.7 years (SD = 10.7) and the average BMI
was 24.7 kg/m? (SD = 3.8). The distribution of BI-RADS categories was as follows: 7.4%
(A, almost entirely fat), 24.2% (B, scattered fibroglandular densities), 49.4% (C,
heterogeneously dense), and 19.0% (D, extremely dense). As expected, MD significantly
decreased with increasing age and BMI (Table 1, Supplementary Figure 1). In the model
adjusted for age and BMI, women with extremely dense breasts were more likely to be
premenopausal, nulliparous, and never breast feeders, compared to women with “non-dense
breasts (BI-RADS: A & B) (Supplementary Table 2). Regarding MD in relation to tumor
characteristics, higher MD was associated with EGFR expression, and negative nodal status.

Breast Cancer Res Treat. Author manuscript; available in PMC 2020 June 19.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Lietal.

Page 5

In the age- and BMI-adjusted models, MD was not significantly associated with any other
tumor features examined (Supplementary Table 2).

Table 2 shows the associations between MD and molecular subtype adjusting for age, BMI,
menopausal status, parity, and nodal status. Chinese women with extremely dense breasts
were more likely to have HER2-enriched tumors compared to luminal A tumors (OR: 1.81,
95% CI 1.08-3.06, p = 0.03), and a significant trend across density categories was observed
(ORyreng: 1.44, Bireng < 0.01). The associations were similar among pre-menopausal (OR:
1.63, 95% CI 0.76-3.48, p=0.21) and post-menopausal women (OR: 2.03, 95% CI 0.94—
4.38, p=0.07) (Table 3). In contrast, the analysis stratified by BMI showed that the
association for the HER2-enriched subtype with extremely dense breasts was only seen
among women with BMI < 25 kg/m? (OR: 2.43, 95% CI 1.24-4.76, p<0.01), but not among
overweight/obese women (OR: 0.98, 95% CI 0.38-2.52, p=0.96) (Table 4).

TN-basal-like patients also tended to have higher MD (ORyend: 1.26 (0.94-1.67), firend =
0.12); however, the association was not significant. Interestingly, the association was
stronger among overweight/obese women (OR: 1.62, 95% CI 0.94-2.79, p= 0.08) (Table 4).

Discussion

Mammographic density is a strong and well-established risk factor for breast cancer;
however, its association with intrinsic tumor subtypes remains unclear and inconsistent [9,
10, 12, 24-28]. In addition, few studies have evaluated the relationships between MD and
tumor characteristics in Asian populations. In our large study of Chinese breast cancer
patients with comprehensive pathology and risk factor data, we found that higher MD was
associated with the HER2-enriched subtype, compared to the luminal A subtype. These
findings may explain the elevated proportion of HER2+ cancers in previously reported
studies among Asian women [14, 21].

The association between MD and molecular subtypes has been inconsistently observed in
the literature, which may reflect differences in study populations, power, MD assessment,
marker measurement, subtype classification, and adjustment for covariates. A smaller case-
control study conducted in a Korean population using a quantitative measure of MD did not
observe associations between MD and breast cancer risk by tumor marker-defined subtypes
[10]. In contrast, an association between higher MD and the HER2-enriched subtype was
reported in Chinese women, although the association was only observed when MD was
estimated by BI-RADS and not by a density analysis software (DAS) [29]. The association
of higher MD with the HER2-enriched subtype was also reported in a recent study using
both quantitative and BI-RADS MD measurements in a North American population of 457
breast cancer patients, although in that study MD was only associated with the HER2-
enriched subtype using volumetric breast density (OR: 1.06, 95% CI 1.01-1.12, per
percentage point increase), and not BI-RADS density [24]. Interestingly, we found that the
association between higher MD and the HER2-enriched subtype was only seen in women
with normal BMI, whereas the association for the TN-basal-like subtype was stronger in
overweight or obese women. Previous studies demonstrated that the association between
obesity and breast cancer risk varied by menopausal status and molecular subtypes [30],
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suggesting complex mechanisms underlying obesity and breast cancer development. For
example, tumor-associated stromal cells, including adipocytes, fibroblasts, and immune
cells, showed distinct distributions, activities, and interactions [31, 32], which sustain a
proinflammatory and transforming tumor microenvironment (TME). Alterations in
numerous processes, such as inflammation, hormone signaling, extracellular matrix, and cell
metabolism, are associated with obesity-related TME, which might confound or mask the
associations between MD and breast cancer subtypes. Although the exact mechanisms
remain unclear, these findings may explain the inconsistent associations observed between
MD and tumor subtypes in previous studies that were conducted in populations with
different BMI distributions.

Our observed association between higher MD and HER2+ subtypes in Asian women is
interesting since we and others have previously reported a higher proportion or incidence of
HER2-enriched breast cancer in Asian American and indigenous Asian women compared
with Caucasians [14, 21]. Though the overall breast cancer incidence rates are lower, we
previously found that Asian Americans at ages 40-69 years had the highest incidence rates
for HER2-enriched breast cancer among all ethnic groups using Surveillance, Epidemiology,
End Results (SEER) data [14]. Similar results were seen in our previous analysis of
Malaysian breast cancer patients in Sarawak [21]. The reasons for the observed increase in
risk of developing HER2-enriched tumors among Asian women remain unclear since the
etiologic factors for this specific subtype are largely unknown. Our findings demonstrating
that Asian breast cancer patients with elevated MD have an increased likelihood of the
HER2-enriched subtype suggest that MD may partially explain the high frequency of the
HER2-enriched subtype among Asian women.

Potential biological explanations between MD and tumor subtypes are not well understood.
A previous study found upregulation of pSTAT3 in patients with high MD and patients with
HER2+ breast tumors [33], suggesting a possible link between HER2 and STAT signaling
pathways in the molecular basis of MD. MD reflects relative proportions of epithelial and
stromal tissues in comparison with adipose tissues in the breast [34]. Prior studies have
found histologic features, such as terminal duct lobular unit (TDLU) involution to be
correlated with MD. For example, lower extent of TDLU involution was associated with
higher MD [35-37] and increased breast cancer risk [34, 35], suggesting that MD reflects a
higher amount of “at-risk” epithelium. In addition to changes that are specific in breast
epithelium, high MD is also associated with molecular changes in stromal cells. The
interaction between tumor and stromal cells is bidirectional and the constant cross-talk
between tumors and its microenvironment is believed to significantly contribute to tumor
phenotypes and cancer outcomes [38]. Studies have shown that high MD is associated with a
complex pattern of upregulation and downregulation of extracellular matrix proteins and
architectural remodeling in the breast, which may lead to DNA damage and mutations that
promote certain breast cancer subtypes [39, 40]. Alternatively, distinct genomic profiles in
tumors may stimulate the proliferation of epithelium and alter the stromal composition,
which in turn leads to increased MD. For example, a recent study reported that HER2
signaling activated chemokine production and immune cell infiltration of the breast cancer
TME [41], and increased immune cell populations such as macrophages, dendritic cells, and
B lymphocytes, as well as programmed cell death protein 1 (PD-1) expression were
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observed in both epithelium and stroma of patients with high MD [42]. In a breast cancer
study conducted in Poland, we previously observed that extratumoral microenvironment
gene expression was associated with mammographic density [43]. Future genomic studies in
Asian women evaluating mutations and gene expression levels in both tumor tissue and
surrounding stroma in relation to MD are needed to better understand the molecular
mechanisms underlying high MD and the tumor subtypes it promotes, such as HER2-
enriched.

As expected, age, BMI, and several reproductive factors such as parity and menopausal
status were associated with MD in our study. Consistent with results from studies conducted
in Germany and Sweden, we did not see associations of MD with most molecular markers
such as ER, PR, and Ki-67 [44, 45]. Our results suggest that the MD-HER2 association is
very specific, which is unlikely driven by estrogen response, proliferation, or tumor
aggressiveness as indicated by TP53 status and tumor grade.

The strengths of this study include access to a large sample of uniquely unscreened Asian
women who have historically been understudied for breast density, a comprehensive
evaluation of IHC markers, the collection of key exposures related to MD, and the validation
of MD measurement by multiple experienced radiologists. However, our study is not without
limitations. First, our sample is not representative of all breast cancer populations in China.
Second, the proportion of patients having fatty breasts was low, which may have limited the
power to detect MD associations. In addition, BI-RADS measurements are categorical and
known to be subjective, and therefore we cannot rule out the possibility of misclassification
between BI-RADS categories or bias from radiologist readings. However, prior studies have
demonstrated reasonable correlations between BI-RADS density measures and automated
quantitative metrics [46, 47]. Further, we had good inter- and intra-rater agreement,
suggesting the BI-RADS measurement was not significantly biased.

In summary, we found that women with higher MD were more likely to have the HER2-
enriched tumor subtype in a study population of Chinese breast cancer cases. Our findings
may partially explain the higher proportion of HER2+ cancers observed in Asian women.
Further studies using quantitative MD measurements to confirm the association between MD
and HER?2 expression in breast cancer patients and to evaluate the role of MD in the etiology
of HER2-enriched breast cancer among Asian populations are warranted.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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ER+ Estrogen receptor-positive

ER- Estrogen receptor-negative

PR+ Progesterone receptor-positive

PR- Progesterone receptor-negative

CHCAMS Chinese Academy of Medical Sciences and Peking Union Medical
College

BI-RADS Breast Imaging Reporting and Data System

IHC Immunohistochemical

FISH Fluorescence in situ hybridization

BMI Body mass index

ANOVA Analysis of variance

OR Odds ratio

Cl Confidence interval

SD Standard deviation

DAS Density analysis software

SEER Surveillance, Epidemiology, and End Results

TDLU Terminal duct lobular involution
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