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Consistency of breast density
measured from the same women
using different MR scanners

The Breast Cancer Preventive Collaboration Group has
recommended that mammographic density should be

incorporated into the risk prediction model [1]. Due to its

two-dimensional nature, mammographic density bears the

intrinsic limitation of tissue overlapping and cannot provide

a true volumetric measure. Quantitative breast density based

on three-dimensional magnetic resonance imaging (MRI) has

been developed [2–5].
For assessing the association between MRI-based density and

cancer risk, a large dataset is required and combining MRI from

multiple centers is the only feasible way to achieve this goal.

However, combining data from different sites is challenging

because of the different imaging protocols used in different

scanners, as well as the intrinsic differences in the image quality.

Thus, as a first step, whether or how the densities measured

from different centers can be combined needs to be

investigated. The purpose of this preliminary work is to

compare the measurement consistency of breast volume (BV),

fibroglandular tissue volume (FV) and percent density (PD)

using three different scanners.
Five healthy Asian young female subjects (aged 27–35 years,

mean 30 years) were recruited for this study. Each subject

consented to receive noncontrast breast MRI using three different

MR scanners, including GE 1.5T and 3T (GE Healthcare,

Milwaukee, WI) and Siemens 1.5T (Siemens, Erlangen, Germany).

The scans were completed within 2 days. The sequences were

optimized to make the image quality across the three scanners as

consistent as possible. The parameters for spatial resolution, slice

thickness and field of view were kept as close as possible.
The breast and fibroglandular tissue segmentation was

carried out based on a modified published method [5]. Online

only supplementary Figure S1 (available at Annals of Oncology

online) shows the key procedures. After the breast is segmented

out, the total BV is calculated. The quantitative BV, FV and PD

were obtained. The reproducibility of the measured parameters

from the three scanners was compared based on the coefficient

of variation (CV), which is the standard deviation from the

three measurements divided by their mean.
All three scanners provided satisfactory image quality for

density analysis, with a strong tissue contrast between the

fibroglandular tissue and the fatty tissue for segmentation.
Figure 1 demonstrates the MR images of three cases showing
different breast morphological patterns. Online only

supplementary Table 1 (available at Annals of Oncology online)
shows the BV, FV and PD measured from the three subjects in
Figure 1. The range (%), mean and standard deviation (%) of
CV from the 10 analyzed breasts of the 5 studied subjects were
2.0–5.2 and 3.8 6 1.0 for BV, 0.7–12.7 and 5.4 6 3.3 for FV and
1.0–11.6 and 4.1 6 3.4 for PD, respectively.

The mean CV fell in the range of intraoperator variation of 5%
and positional difference of <5% in the same scanner for the
segmentation method used [5], with only two individual breasts
(12.7% in the left breast of a subject for the measurement of FV
and 11.6% in the left breast of another subject for the
measurement of PD) showing >10% of measurement variation.
The segmented FV from Siemens 1.5T in these two breasts was
smaller than from other two GE MR scanners. It was postulated
that MR images of different quality from different vendors may
account for the measurement variation in the fibroglandular tissue.
In this study, imaging resolution of the Siemens 1.5T was slightly
lower than that of the GE 1.5T and GE 3.0T MR (330 · 384 versus
512 · 384). This was also another potential source of measurement
variation among different scanners. The average CV of 4.1% for
percent density across different scanners was very similar to an
averaged CV of 4.7% when reproducibility test of five different
breast positions in the same magnet was carried out [5].

The preliminary results obtained so far in five subjects are very
encouraging. The results indicated that since the breast density is
analyzed based on three-dimensional images, as long as the entire
breast is covered, and that the analysis is based on each individual
woman’s own body landmark, the measure density parameters
from multiple centers using different imaging protocols are very
likely suitable for combined analysis. Further prospective large
cohort study is needed to investigate the variation in different
types of breasts, in terms of breast size and the breast
morphological pattern.
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Figure 1. Representative T1W images of breast magnetic resonance imaging (MRI) from three subjects acquired using three MR scanners. They present

different amount of dense tissues and different breast parenchymal morphological patterns. The coefficient of variation for the measurement of breast

volume, fibroglandular tissue volume and percent density are 4.9%, 2.9% and 3.8%, respectively, for subject 1; 3.5%, 7.4% and 3.2%, respectively, for subject

2; and 3.9%, 7.1% and 9.4%, respectively, for subject 3.
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