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Background: The amount of fibroglandular tissue (FGT) has been linked to breast cancer risk based on
mammographic density studies. Currently, the qualitative assessment of FGT on mammogram (MG) and
magnetic resonance imaging (MRI) is prone to intra and inter-observer variability. The purpose of this study
is to develop an objective quantitative FGT measurement tool for breast MRI that could provide significant
clinical value.

Methods: An IRB approved study was performed. Sixty breast MRI cases with qualitative assessment
of mammographic breast density and MRI FGT were randomly selected for quantitative analysis from
routine breast MRIs performed at our institution from 1/2013 to 12/2014. Blinded to the qualitative data,
whole breast and FGT contours were delineated on T1-weighted pre contrast sagittal images using an in-
house, proprietary segmentation algorithm which combines the region-based active contours and a level
set approach. FGT (%) was calculated by: [segmented volume of FGT (mm®)/(segmented volume of whole
breast (mm*)] x100. Statistical correlation analysis was performed between quantified FGT (%) on MRI and
qualitative assessments of mammographic breast density and MRI FGT.

Results: There was a significant positive correlation between quantitative MRI FGT assessment and
qualitative MRI FGT (r=0.809, n=60, P<0.001) and mammographic density assessment (r=0.805, n=60,
P<0.001). There was a significant correlation between qualitative MRI FGT assessment and mammographic
density assessment (r=0.725, n=60, P<0.001). The four qualitative assessment categories of FGT correlated
with the calculated mean quantitative FGT (%) of 4.61% (95% CI, 0-12.3%), 8.74% (7.3-10.2%), 18.1%
(15.1-21.1%), 37.4% (29.5-45.3%).

Conclusions: Quantitative measures of FGT (%) were computed with data derived from breast MRI and
correlated significantly with conventional qualitative assessments. This quantitative technique may prove to
be a valuable tool in clinical use by providing computer generated standardized measurements with limited

intra or inter-observer variability.
Keywords: Breast; fibroglandular tissue (FGT); qualitative assessments; quantitative
Submitted Feb 09, 2016. Accepted for publication Mar 08, 2016.

doi: 10.21037/qims.2016.03.03
View this article at: http://dx.doi.org/10.21037/qims.2016.03.03

© Quantitative Imaging in Medicine and Surgery. All rights reserved. gims.amegroups.com Quant Imaging Med Surg 2016;6(2):144-150



Quantitative Imaging in Medicine and Surgery, Vol 6, No 2 April 2016

Introduction

The breast is composed of fat and fibroglandular tissue
(FGT), which includes epithelial and stromal elements.
The amount of FGT is used to classify breast density into
four different categories determined by the Breast-Imaging
Reporting and Data System (BI-RADS) lexicon, which
include almost entirely fatty, scattered areas of fibroglandular
density, heterogeneously dense, and extremely dense for
mammography and almost entirely fat, scattered FGT,
heterogeneous FGT and extreme FGT for magnetic
resonance imaging (MRI) (1).

High breast density is known to correlate with breast
cancer risk (2-5). Patients with heterogeneously dense
or extremely dense breasts have a four-fold increased
risk of developing breast cancer compared to patients
with fatty breasts (2-5). Many studies have demonstrated
this relationship using two-dimensional (2D) qualitative
evaluation of FGT on mammography. The attempt to
measure a three-dimensional (3D) volume of FGT using a
qualitative assessment based on a 2D mammogram (MG) is
a major limiting factor of these studies (6).

Currently, FGT is qualitatively assessed by the
interpreting radiologist. Such assessment can be prone to
inter- and intra-observer variability due to the inherent
subjectivity of the interpretation (7,8). In addition,
categorizing FGT into only four qualitative groups limits
statistical analysis assessing for small but potentially
significant differences. The ideal evaluation of FGT
requires 3D assessment to yield the highest degree of
accuracy and reproducibility.

The purpose of this study is to develop a 3D quantitative
technique that can provide an objective and highly accurate
measurement of FGT (%) on MRL. If confirmed, this 3D
methodology may be an invaluable clinical tool to more
accurately assess the relationship between FGT amount
and breast cancer risk. This could also provide a potential
measurement tool to determine if specific breast cancer risk
reduction strategies are effective.

Materials and methods

A HIPAA compliant, IRB approved study was performed
of 60 randomly selected breast MRIs from 1,231 routine
breast MRIs performed at our institution from 1/2013 to
12/2014. The average age of the patients was 54.2 years. All
of the patient information was de-identified from the MRI
images prior to computer imaging analysis.
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Breast MRI technique

Each breast MRI was performed on a 1.5-Tesla or 3-Tesla
system (Signa Excite, GE Healthcare) using an 8-channel
Breast Array Coil (GE Healthcare). The imaging sequences
utilized for computer imaging analysis include a T'1-weighted
fat-suppressed fast spoiled gradient-echo sequence (17/2.4;
flip angle, 35°; bandwidth, 31-25 Hz) performed before
and after a rapid bolus injection of contrast (gadopentate
dimeglumine/Magnevist, Berlex; 0.1 mmol/L/kg
of body weight), delivered through an IV catheter. Section
thickness was 2 mm using a matrix of 256x192 and a field
of view of 18-22 cm. Frequency was in the antero-posterior
direction.

Qualitative FGT assessment

Three breast fellowship trained radiologists by consensus
classified the mammographic density and the amount of
MRI FGT in accordance with BI-RADS categories (1). The
mammographic breast density was recorded on a 4-point
scale (1-fatty, 2—scattered, 3-heterogeneously dense,
4-extremely dense). The MRI FGT was assessed by using
a combination of T1-weighted non—fat-suppressed and
fat-suppressed imaging. FGT was defined as any non-fatty
non-cystic breast parenchyma. The amount of FGT on
MRI was recorded on a 4-point scale (1-almost entirely fat,
2-scattered FGT, 3-heterogeneous FGT, 4-extreme FGT)
(Figure I).

Computer imaging analysis

The quantitative computer imaging analysis of FGT
on breast MRI was performed blinded to the qualitative
assessment. The proprietary semi-automated segmentation
algorithm combines the region-based active contours and a
level set approach which has been validated for use in other
diseases and further modified for this particular application
(9-14). This segmentation algorithm and a number of manual
interaction functions, such as selection of a region of interest
and modification of suboptimal contour results, have been
integrated into a viewing system developed by customized
software (Matlab, Mathworks, Natick, MA, USA).

FGT quantification was performed by a radiologist
using pre-contrast T'1-weighted fat-suppressed images,
manually selecting a region of interest that outlines the
whole breast contour defined by antero-posterior border
(nipple/skin to the pre-pectoral region), medial-lateral
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Figure 1 Qualitative assessment of FGT. Selected T1 pre-contrast sagittal MRI images of the breast of four different patients with four
representative amounts of FGT: (A) almost entirely fat; (B) scattered FGT; (C) heterogeneous FGT; (D) extreme FGT. FGT, fibroglandular

tissue; MRI, magnetic resonance imaging.

[Segmented volume of

FGT (mm?] <

FGT (%) = 100

[Segmented volume of

whole breast (mm?)]

Figure 2 Formula to calculate the percent FGT (%): (A) selected
T1 pre-contrast sagittal MRI image shows the contrasting gray
FGT compared to the surrounding darker fat, which underwent
segmentation as denoted by a red outline; (B) selected T1 pre-
contrast sagittal MRI image at the same level shows the whole
breast segmented from skin to skin and anterior to the pectoralis
muscle as denoted by a red outline. This process was repeated for
all images from the T'1 pre-contrast sequence in both breasts to
get a total FGT (%). FGT, fibroglandular tissue; MRI, magnetic

resonance imaging.
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border (medial and lateral most breast tissue), and inferior-
superior border (lower most breast tissue to the low axilla)
(Figure 2A4). Next, FGT was outlined by the boundary
localization of the contrasting glandular tissue and exclusion
of the adjacent fat (Figure 2B). Once the segmentation was
completed on an image, the whole breast contour and FGT
contour were propagated to neighboring images, serving as
an initial region of interest for subsequent segmentations
on the neighboring images and manual adjustments were
made as needed. Once the segmentation was finalized, the
computer program generated the whole breast volume and
FGT volume. The process for each patient on average was
performed in less than 5 minutes. The percent FGT was
calculated using these values (Figure 2).

Statistical analysis was performed including Pearson
product-moment correlation coefficient (r) calculation using
the IBM SPSS software (version 18).

Results

The distribution of mammographic density qualitative
assessments were fatty (3.3 %, 2/60), scattered (43.3%, 26/60),
heterogeneous (41.7%, 25/60) and extremely dense (11.7%,
7/60). The distribution of MRI FGT qualitative assessments
were almost entirely fat (3.3%, 2/60), scattered FGT (51.7%,
31/60), heterogeneous FGT (38.3%, 23/60) and extreme
FGT (6.7%, 4/60). The range of quantified FGT (%) was
3.4% to 46.6% with the mean of 15.3% (SE 1.3%).

There was a significant positive correlation between
quantitative MRI FGT assessment and qualitative MRI FGT

gims.amegroups.com Quant Imaging Med Surg 2016;6(2):144-150



Quantitative Imaging in Medicine and Surgery, Vol 6, No 2 April 2016

A 50.001

30.00+

20.001

Quantitative FGT (%)

10.001

O O COWW®RPO 0O O O

1.00 2.00 3.00 4.00
Qualitative MRI assessment

147

50.00+

o

40.00+1

30.00+1

20.004

Quantitative FGT (%)

10.001

1.00 2.00 3.00 4.00
Qualitative MG assessment

Figure 3 Scatter plot illustrates significant correlation between quantitative FGT (%) and qualitative FGT assessment on (A) MRI (r=0.809,
n=60, P<0.001) and (B) mammogram (MG) (r=0.805, n=60, P<0.001) assessment values with a line of best fit. FGT, fibroglandular tissue;

MRI, magnetic resonance imaging.

Table 1 Correlation analysis between FGT (%) quantification and FGT qualitative assessment values

Assessment method Quantitative FGT (%)

Qualitative MG assessment Qualitative MRI assessment

FGT (%)
Pearson correlation 1
Sig. (2-tailed)
N 60
MG
Pearson correlation 0.805™*
Sig. (2-tailed) 0.000
N 60
MRI
Pearson correlation 0.809**
Sig. (2-tailed) 0.000
N 60

0.805** 0.809**
0.000 0.000
60 60
1 0.725
0.000
60 60
0.725** 1
0.000
60 60

** P<0.05. FGT, fibroglandular tissue; MG, mammogram; MRI, magnetic resonance imaging.

(r=0.809, n=60, P<0.001) (Figure 34) and mammographic
density assessment (r=0.805, n=60, P<0.001) (Figure 3B).
There was a significant correlation between qualitative MRI
FGT assessment and mammographic density assessment
(r=0.725, n=60, P<0.001) (Table I). The four qualitative
assessment categories of MRI FGT correlated with the
calculated mean quantitative FGT (%) of 4.61% (95% CI,
0-12.3%), 8.74% (7.3-10.2%), 18.1% (15.1-21.1%), 37.4%
(29.5-45.3%). The four qualitative assessment categories of
mammographic density correlated with the calculated mean
quantitative FGT (%) of 4.61% (95% CI, 0-12.3%), 8.11%
(7.1-9.5%), 16.4% (13.1-19.4%), 34.4% (26.5-41.1%).
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Discussion

There is strong evidence that breast density is an
independent risk factor for breast cancer, likely due to
a greater amount of epithelial cells that can potentially
become cancerous. Breast density is reportedly associated
with four-fold increase in the risk for breast cancer (2-5).
However, the exact increase in risk remains unclear partly
due to variable classification systems used for assessing breast
density including the BI-RADS classification, percentage
classification and the Wolfe classification (1-5). Some argue

that the relative breast cancer risk due to breast density is
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much smaller than that of other major risk factors, such as
age, family history, hormonal factors and genetic mutations.
However, given that approximately 50% of the screening
population has mammographically dense breasts, the risk
factor of density alone to the population is likely more
significant than other stronger but less common risk factors
(3-5). In addition, breast cancer risk associated with FGT
amount may be underestimated in the reported studies due
to categorizing breast density into a few qualitative groups,
which can significantly limit statistical analysis.

In addition, using these qualitative density categories,
considerable inter- and intra-observer variability is present.
In a study by Nicholson ez 4l., inter-reader agreement
regarding breast density was low (49%) with most of the
agreement occurring at the two extremes (fatty vs. extremely
dense breasts) (7). In another study Kerlikowske et al.
showed that the inter-reader and intra-reader agreements
regarding density assessments were k=0.59 and «=0.72
respectively, indicating imperfect reliability of density
interpretation even by the same reader (8).

The purpose of this study was to develop a 3D
quantification technique to reliably measure FGT.
Quantitative measures of FGT were computed with data
derived from breast MRI using a computerized technique
and correlated significantly with conventional qualitative
assessments reached by consensus of three experienced breast
imagers. The computer algorithm used for quantifying the
amount of breast FGT combines the region-based active
contours and a level set approach, which was originally
developed for hepatic lesions and has since been successfully
adapted and validated for use in brain tumors, renal cell
carcinomas, lymphoma and peritoneal mesothelioma (9-13).
Other computer algorithms have also been proposed to
quantify FGT including a method using a Fuzzy c-means
(FCM) data clustering technique in which a dataset is
grouped into n clusters with every data point in the data
set belonging to every cluster to a certain degree (14). The
advantages of the program used in this study are robust
accurate segmentation with easy initialization and efficient
modification. Once the segmentation is completed on an
image, the whole breast contour and FGT contour are
automatically propagated to the neighboring images and
repeated until all the images are segmented for 3D analysis.
This enables complete evaluation of the whole breast, a
clear advantage of our method compared to evaluation of
few selected images in previously published methods.

The range of quantified FGT (%) (3.4-46.6%) for the
four qualitative categories was lower than expected based
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on the BI-RADS 4™ Edition breast density percentage
definition (0 to 100%) (15). This is likely due to better
estimation of the amount of fat by the computer algorithm
compared to the visual assessment and is consistent with the
commercially available automated breast density assessment
program for mammography (16-18). In addition, the 3D
MRTI likely includes larger area of fatty breast located in the
retro-glandular and lower axillary regions yielding lower
overall percentage of the quantified FGT. Of note, the
percentage definition of the breast density is no longer part
of the most current BI-RADS (5" edition) (1).

To minimize the subjectivity of these assessments,
computer assisted quantitative methods of assessing breast
density have been developed focusing on mammography.
However, there is an inherent inaccuracy of measuring
3D FGT utilizing a 2D image as evidenced by significant
changes in density measurements related to variable
positioning and variable inclusion of the retro-glandular
fat. Ultimately, a 3D quantitative method for measuring the
volume of FGT, such as our method, is needed for accurate
assessment of this important measurement.

Recently, studies have shown that women undergoing
tamoxifen therapy who had reduction in breast density
had a greater reduction in breast cancer risk and improved
survival compared to women who did not have similar
decrease in breast density (19,20). The need for accurate 3D
quantification of FGT is important not only for accurately
assessing breast cancer risk but also for testing effectiveness
of chemoprevention strategies.

There are a few limitations with this study. Inter-reader
reproducibility and intra-reader reproducibility were not
investigated as the primary aim was to look at the feasibility of
our setup. The current approach was semi-automated, which
requires initial selection of the region of interest with potential
subjectivity bias. Currently, the technique requires quality
control check of all the images to ensure optimal segmentation.
While this technique is not yet fully automated, it is still more
objective and effective in assessing FGT than the conventional
qualitative assessment. There is active research currently
underway to fully automate the segmentation process.

Conclusions

Quantitative measures of FGT were computed with
data derived from breast MRI using a semi-automated
computerized method which correlated significantly with
conventional qualitative assessments. This quantitative
technique may prove to be a valuable tool in clinical use by
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providing computer generated standardized measurements
with limited intra or inter-observer variability. Given its
potential importance as a biomarker of breast cancer risk,
a reliable and objective quantitative measurement of FGT
will be invaluable. This study offers a reliable method for
3D quantitative analysis of FGT on breast MRI, which can
be used to both validate and further explore the relationship
between FGT amount and breast cancer.
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