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INTRODUCTION

Breast density, which refers to the amount of radiopaque 
fibroglandular tissue (FGT) relative to radiolucent fatty 
tissue on mammography, is established as an imaging 
biomarker of breast cancer risk and is included in risk 
assessment models [1,2]. In dense breasts, the performance 
and resulting benefits of screening mammography are 
reduced, and additional screening tests, such as ultrasound 
(US) or MRI, are often recommended, along with the 
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notification of breast density [3,4]. Supplemental screening 
increases cancer detection and reduces interval cancer, 
but results in substantial false-positive findings, recalls, 
patient anxiety, and costs [5-9]. Dense breasts are present 
in approximately half of screening-aged women [10,11] 
and do not always indicate at-risk tissue [12]. Therefore, 
women and healthcare professionals should discuss breast 
density and other risk factors (Table 1) [12,13]. The less-
than-perfect association between mammographic breast 
density and future risk of breast cancer is explained 
by different types of breast tissue with different risk-
modulating potentials that will appear equally dense on 
mammography [14]. A breast can be dense because it 
consists of predominantly duct and glandular components, 
which may contribute to a woman’s risk; however, a breast 
may also be dense only due to tissue fibrosis, which will 
likely not affect the risk. The US can distinguish two very 
different tissue types in mammographic dense areas based 
on their echogenicity: nearly isoechoic glandular tissue and 
hyperechoic fibrous tissue (Fig. 1).

In the current edition of the Breast Imaging and 
Reporting Data System (BI-RADS), tissue composition in 
the US is defined as a homogeneous or heterogeneous 
background echotexture in terms of the balance between 
FGT and fat, similar to mammographic density [15]. 
However, the sonographic appearance of FGT varies 
between individuals and changes over time within the 
same individual [16,17]. With aging, the breast lobules 
involute physiologically, and the extent of the glandular 
component decreases. Studies evaluating the degree of 
lobular involution in background tissue using benign breast 
biopsy specimens have found an association between a 
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higher degree of lobular involution and a reduced risk of 
breast cancer [18,19]. In a previous study, we proposed a 
method to classify the glandular tissue component (GTC) of 
FGT in breast US in 2017 [20]. The clinical practice of our 
institution and many other institutions in East Asia includes 
a description and classification of the GTC category in 

breast US reports, although it is not yet included in the BI-
RADS. In line with the shift toward personalized medicine, 
it is increasingly important to discover image characteristics 
related to an individual predisposition to specific diseases 
[1,21]. If sonographic GTC can provide additional risk 
information beyond mammography, it has the potential 
to serve as an imaging biomarker for risk stratification 
and may be used to develop a personalized breast cancer 
screening algorithm.

Herein, we briefly describe the classification, influencing 
factors, and histology of sonographic GTC and discuss the 
association between sonographic GTC and future risk of 
breast cancer in women with dense breasts. We also discuss 
the clinical applicability of sonographic GTC as imaging 
biomarkers for risk stratification and direction for future 
work.

Sonographic GTC: Classification, Influencing Factors, and 
Histology

Similarly to MRI, US with sectional imaging capabilities 
can provide information on the distribution and amount of 
FGT and fat in the breast. After scanning the entire breast 
with the handheld or automated US, the GTC relative to the 
fibrous tissue in the FGT can be qualitatively assessed in 
terms of the proportion of isoechoic areas to hyperechoic 
areas and classified as minimal, mild, moderate, or marked 
(Fig. 2). When the distribution of GTC in the breast was 
not uniform, the dominant pattern observed in at least 
two quadrants was determined to be GTC. If the left and 
right breasts do not have an apparent equal GTC, the breast 
with the highest GTC should be used. The GTC could be 
dichotomized as “low” or “high” according to a GTC that 

Table 1. Risk Factors for Breast Cancer
Risk Factor* Relative Risk

Genetic mutations
BRCA1 or 2 8–20
PALB2 4–6
ATM/CHEK2 2–4

Family history†

3 first degree relatives 2.0–7.5
2 first degree relatives 2.4–3.6
1 first degree relative 1.7–1.9
1 second degree relative 1.2–1.5

Therapeutic radiation to the chest (at < 30 years) 7–17
Personal history of breast lesions

Proliferative lesions without atypia 1.5–2
Atypical ductal hyperplasia 4–5
Atypical lobular hyperplasia 3–4
Lobular carcinoma in situ 4–10
Treated breast cancer‡ 1.2–5.0

Hormonal factors
Late parity or nulliparity 1.2–1.7
Early menarche or late menopause 1.2–1.3
Combined hormone replacement therapy 1.2–1.5

Postmenopausal obesity 1.2–1.9
High breast density 1.5–2.1

*Data are in part from Singletary 2003 [13], †Refers to the breast 
or ovarian cancer but without known susceptibility mutation. Risk 
varies with age of the affected relative(s), ‡The risk of second 
breast cancer varies with age at diagnosis.

Fig. 1. Sonographic appearance of dense breasts.
A. Craniocaudal mammography shows extremely dense FGT. Glandular and fibrous tissues are equally dense, so the two types of tissue are 
indistinguishable on mammography. B. Sonographic breast anatomy shows glandular tissue within FGT as gray (isoechoic to fat) and fibrous 
tissue as white (hyperechoic to fat). The glandular tissue consists of lobules (asterisks) and terminal ducts (arrows), more anteriorly and less 
posteriorly, increasing volume during lactation, and involuted with aging. FGT = fibroglandular tissue
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represents 50% of the breast FGT. Notably, fat lobules in 
the FGT, which are distinct from glandular tissue, were not 
counted in the GTC assessment. In a prospective study 
involving 11 radiologists, the interobserver agreement for 
the classification of GTC was moderate in 38 women (age 
range, 25–72 years) with dense and nondense breasts on 
mammography [20]. The mean κ value was 0.45 for the 
four-category classification and 0.48 for the dichotomous 
classification, which was comparable to or lower than 
that for mammographic assessment of breast density and 
was similar to or higher than that for US background 
echotexture of background parenchymal enhancement (BPE) 
on MRI [22-24].

There was a moderately positive correlation between 
GTC and breast density (ρ = 0.55, p < 0.001), indicating 
that women with higher breast density had higher GTC 
[20]. Furthermore, there was a significant difference in 
the mean GTC according to the mammographic density 
category (p < 0.001) in premenopausal and postmenopausal 
women. Women with high levels of GTC were also more 
likely to be younger (age < 50 years), non-obese (body 

mass index < 25), premenopausal, and nulliparous. In 
our experience, exogenous hormone therapy or endocrine 
therapy for breast cancer can affect sonographic GTC, but 
the menstrual cycle has little effect on sonographic GTC.

The sonographic GTC is correlated with the histological 
amount of glandular tissue and represents the most terminal 
duct lobular unit in the FGT, which is the primary anatomic 
source of breast cancer and its precursors [15-17]. In 
women with benign breast biopsy results, sonographic GTC 
was inversely associated with lobular involution in normal 
background tissue [25]. In other words, women with high 
GTCs more often had no or mild lobular involution, while 
women with low GTC had moderate or complete lobular 
involution. Therefore, a high GTC, reflecting a large number 
of residual lobules, may represent FGT at risk for breast 
cancer.

Association Between Sonographic GTC and Future Breast 
Cancer

An association between high GTC and an increased risk 
of developing breast cancer was recently documented in 

Fig. 2. Images of the transverse ultrasound in four women show varying GTCs in FGT. GTC is qualitatively classified into four categories: 
(A) minimal, (B) mild, (C) moderate, and (D) marked. GTC could be dichotomized as “low” for minimal (A) or mild (B) GTC or “high” for 
moderate (C) or marked (D) GTC. GTC = glandular tissue component, FGT = fibroglandular tissue 
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women who underwent breast US supplemental screening 
[25]. In a cohort study of 8483 Korean women (mean 
age, 49 years) with dense breasts on mammography, 137 
(1.6%) developed breast cancer, with a median follow-
up of 5.3 years (interquartile range, 3.3–7.0 years). The 
baseline sonographic GTC distribution was minimal in 
11%, mild in 51%, moderate in 28%, and marked in 10% 
of patients, with a low GTC of 62% and a high GTC of 38% 
when dichotomized. Women with breast cancer had higher 
rates of high baseline GTC than those without breast cancer 
(49% and 37%, respectively; p = 0.006). At follow-up, the 
incidence of breast cancer was higher in women with high 
baseline GTC than in those with low baseline GTC  
(p = 0.007) (Fig. 3). In the multivariate analysis, baseline 
GTC was the only factor associated with breast cancer risk 
(hazard ratio [HR], 1.49; 95% confidence interval [CI], 
1.05–2.11; p = 0.026) after adjusting for other risk factors 
(age, menopause, family history of breast cancer, history 
of benign biopsy, and breast density) as covariables. 
Additionally, GTC remained predictive of cancer when 
repeated measures were included in the analysis. These 
findings suggest that sonographic GTC is a robust imaging 
biomarker of breast cancer risk that is independent of the 
many established factors used in standard risk models.

In the subgroup analysis, a high baseline GTC was 
associated with an increased risk of breast cancer among 
women aged 50–59 years (HR, 1.86; 95% CI, 1.05–3.27; p = 

0.033), postmenopausal women (HR, 1.97; 95% CI,  
1.15–3.28; p = 0.014), women with a history of benign breast 
biopsy (HR, 2.59; 95% CI, 1.19–5.61; p = 0.016), women 
without a family history of breast cancer (HR, 1.74; 95% 
CI, 1.19–2.53; p < 0.001), and women with extremely dense 
breast tissues (HR, 1.80; 95% CI, 1.01–3.19; p = 0.045) 
[25]. Accordingly, sonographic GTC is likely to be more 
predictive of subsequent breast cancer in postmenopausal 
women with a history of benign breast biopsy than in 
premenopausal women without a history of benign breast 
biopsy. This finding is likely due to the different causes of 
high GTC in women with dense breasts. High GTC can be 
caused by hormonal stimulation in premenopausal women, 
reflecting a physiological situation that will resolve with 
cessation of exposure. Meanwhile, a high GTC can also reflect 
true changes in structural and proliferative tissue, often 
including atypical hyperplasia. Therefore, such a sonographic 
GTC may indicate a substantially increased risk of subsequent 
breast cancer beyond hormonal stimulation of glandular 
tissue. These results suggest that sonographic GTC can be 
combined with other established breast cancer risk factors 
to improve risk stratification. However, the significance of 
GTC in high-risk women is unclear, as the study population 
in our study was mostly average-risk women.

Clinical Applicability of Sonographic GTC
Breast US is the most widely used low-cost imaging 

Fig. 3. Kaplan–Meier curves show the cumulative incidence of breast cancer according to the low versus high baseline GTC as 
assessed using breast ultrasound in 5798 women with heterogeneously dense breasts (A) and  2685 women with extremely 
dense breasts (B). GTC = glandular tissue component
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modality, in conjunction with mammography, for the 
screening, diagnosis, treatment, monitoring, and 
surveillance of breast cancer. Unlike other breast imaging 
methods, US does not pose a radiation hazard and does 
not require an injection of a contrast agent; therefore, 
it is suitable for repeated evaluation [4]. Breast density 
information can also be obtained from breast US [26]. 
Therefore, breast cancer risk prediction using breast US can 
easily be applied to a large population of women.

Information obtained with sonographic GTC could be 
helpful in better defining the risk of breast cancer and 
tailoring supplementary screening in women with dense 
breasts. For example, if an average-risk women undergoes 
diagnostic US and shows dense breasts and a high GTC, 
she may be reassessed to determine whether her absolute 
risk is sufficiently high to warrant supplemental screening. 
Alternatively, average-risk women with dense breasts who 
undergo screening US may demonstrate a reduced risk if 
low GTC is considered along with other risk factors; these 
women may no longer require annual US screening, and the 
screening interval can be adjusted to 2–3 years. When GTC 
is combined with breast density, we can focus on women 
who need and can benefit from supplemental screening. The 
possibility of a risk-adapted screening strategy for BPE has 
also been reported [27], but it applies to a much smaller 
population of women who undergo MRI. Personalized 
screening in women with dense breasts should move 
toward selecting a more suitable and preferred screening 
method through discussions between clinicians and women 
undergoing screening.

Directions for Future Work
 There are several challenges to overcome for the clinical 

use of GTC as imaging biomarkers. First, an association 
between high levels of GTC and an increased risk of 
breast cancer was demonstrated only in a retrospective 
single-center study of Korean women [25]. Therefore, our 
results may not be generalizable to other populations. A 
prospective, multicenter, international study that includes 
women of various races and ethnicities to validate whether 
sonographic GTC is associated with the risk of breast 
cancer and can provide additional risk information beyond 
mammography. Second, it is necessary to determine whether 
GTC affects US sensitivity. Sonographic detection of small 
and subtle lesions may be difficult in breasts with high GTC; 
however, no related research results have been reported. 
Additionally, it is worth studying whether high or low GTC is 

associated with certain types of breast cancer and treatment 
responses. Third, standardization of GTC assessment is also 
an important issue, considering that US is highly dependent 
on the examiner for image acquisition and interpretation. 
The large field of view (FOV) of automated US scans may 
be more suitable for GTC classification than the small FOV 
of a handheld US technique [15,28]. Finally, as with breast 
density or BPE, the need for quantitative measurement 
of GTC using a computer is increasing [29]. Radiomics 
or machine learning methods to analyze FGT appearance 
in breast imaging are promising for developing more 
personalized risk prediction models [30].

CONCLUSION

We proposed a method to classify the GTC of FGT in 
breast US and found that the sonographic GTC reflecting the 
degree of lobular involution was an independent predictor 
of future breast cancer risk in women with dense breasts. 
Sonographic GTC can be used to stratify the risk of breast 
cancer and identify the subset of women with dense breasts 
who are at the highest risk of breast cancer and are likely 
to benefit from supplemental screening. More validation 
is needed for the clinical application of GTCs as imaging 
biomarkers of breast cancer risk.
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