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Abstract

Purpose: To evaluate breast parenchymal density using QUANTRA software and to correlate numerical breast density values
obtained from QUANTRA with ACR BI-RADS breast density categories. Materials and Methods: Two-view digital mammograms
of 545 consecutive women (mean age - 47.7 years) were categorized visually by three independent radiologists into one of the
four ACR BI-RADS categories (D1-D4). Numerical breast density values as obtained by QUANTRA software were then used to
establish the cutoff values for each category using receiver operator characteristic (ROC) analysis. Results: Numerical breast
density values obtained by QUANTRA (range - 7-42%) were systematically lower than visual estimates. QUANTRA breast density
value of less than 14.5% could accurately differentiate category D1 from the categories D2, D3, and D4 [area under curve (AUC)
on ROC analysis - 94.09%, sensitivity - 85.71%, specificity - 84.21%]. QUANTRA density values of <19.5% accurately differentiated
categories D1 and D2 from D3 and D4 (AUC - 94.4%, sensitivity - 87.50%, specificity - 84.60%); QUANTRA density values of <26.5%
accurately differentiated categories D1, D2, and D3 from category D4 (AUC - 90.75%, sensitivity - 88.89%, specificity - 88.621%).
Conclusions: Breast density values obtained by QUANTRA software can be used to obtain objective cutoff values for each ACR
BI-RADS breast density category. Although the numerical density values obtained by QUANTRA are lower than visual estimates,
they correlate well with the BI-RADS breast density categories assigned visually to the mammograms.

Keywords: BI-RADS breast density categories; breast parenchymal density; computer assessment; mammographic density;
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Introduction

Breast cancer is one of the most common types of cancer
among women of all races and ethnic origins.™ It is well
established that increased density of breast parenchyma
correlates with an increased incidence of breast
cancer,*not only at an individual level but also at a
familial level.5* The most widely accepted quantitative
classification of mammographic breast density was
proposed in the BI-RADS system by the American College
of Radiology (ACR),” which describes four grades-D1, D2,
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D3, D4 -on the basis of visual assessment. It is not possible to
objectively determine the exact breast density visually, and
hence, the BI-RADS category allotted to amammogram may
vary from radiologist to radiologist, especially for categories
D2 and D3. It is important to objectively distinguish
between these BI-RADS categories as high-density breast
parenchyma may obscure small neoplasms.

Attempts have been made to replace the visual assessment
by computerized assessment of breast densities.[®**
However, breast density measurements as estimated by
these methods are essentially two dimensional, not taking
into account breast parenchymal thickness or exposure
factors. QUANTRA is a fully automated, third-party
software developed by the Hologic, Inc (USA). It is FDA
approved and takes into account filter and target materials,
imaging parameters as kV, mAs, and breast parenchymal
thickness to calculate breast density. It automatically
segments the breast region from the background and
determines the energy deposited at the detector in each pixel

Indian Journal of Radiology and Imaging / November 2015 / Vol 25 / Issue 4 391



Pahwa, et al.: Measuring breast parenchymal density

in the image. From this calculation, it estimates the thickness
of the fibroglandular tissue above each image pixel. Further,
it calculates the total volume of breast and the total volume
of fibroglandular tissue from the estimated breast thickness.
A ratio of volume of fibroglandular tissue and total breast
volume gives the value of percentage volumetric breast
density. Breast density value as percentage, volume of
fibroglandular tissue and the total breast volume are
displayed on the operating console with a single click.

Ciatto et al. reported promising results using QUANTRA
software in assessment of breast parenchymal density,
although the numerical breast density values obtained
by QUANTRA were systematically lower than visual
assessment.! However, they did not propose the cutoff
numerical breast density values for each ACR BI-RADS
category.

In the current study, we have correlated QUANTRA
software with the visual classification by radiologists for
assessment of breast parenchymal density and proposed
the cutoff breast density values, as obtained by QUANTRA,
for each ACR BI-RADS breast density category.

The requirement for written informed consent was waived
off by the institute ethical clearance committee as this
study was retrospective in nature. No employee of the
Hologic corporation was involved in or responsible for
data collection, analysis, and information submitted for
publication. Two-view (craniocaudal and mediolateral
oblique views) digital mammograms of 545 women (age
range 34-78 years; mean age 47.7 years) presenting to
the Breast Clinic of our tertiary care institute from Jan
2011 to Feb 2012 were analyzed. Hence, 430 symptomatic
women (presenting with complaints such as pain, lump,
nipple discharge, or referred from outside hospitals) were
included in the study. Only 115 asymptomatic women, who
were aware of carcinoma breast and were self-referring for
screening mammography, were included in the study.

Thus, our study population was mixed and composed of
both symptomatic and disease-free subjects. The purpose
of this study was twofold: To look for inter-observer
agreement amongst radiologists for assessing breast
parenchymal density and to evaluate how the breast
parenchymal density, assessed with QUANTRA correlates
with BI-RADS density categories as assigned by the
radiologists. We recorded the breast density separately
for each breast in every subject. The density for diseased
and non-diseased breasts in every patient was recorded
separately by the radiologists as well as by QUANTRA
software. Moreover, we excluded mammograms with
large breast masses (completely occupying more than one
quadrant of the breast) from the study.

The mammograms were performed on Hologic Selenia
Dimensions and were visually assessed independently
by three radiologists: Radiologist 1 (SP) with 5 years
of experience, Radiologist 2 (SH) with 15 years of
experience, Radiologist 3 (ST) with 20 years of experience
of reporting mammogram studies, each well versed with
the BI-RADS system of classification of breast density.
Mammograms were assigned into one of four categories:
D1 (percentage of fibroglandular tissue <25%)[Figure 1A],
D2 (percentage of fibroglandular tissue 25-50%)[Figure 1B],
D3 (percentage of fibroglandular tissue 50-75%)[Figure 1C],
and D4) (percentage of fibroglandular tissue > 75%)
[Figure 1D].

Determination of breast parenchymal density using
QUANTRA algorithm is based on a validated
methodology™lthat takes into account imaging
parameters as kVp, mAs, as well as target and filter
materials. The software depicts density of both the breasts
separately, but an average of the density of two breasts was
used in this study.This percentage was correlated with the
ACRbreast density grade assigned by the radiologists visually.

Kappa statistics was used to calculate inter-observer
agreement between the radiologists across all breast density
categories (D1-D4). Conventionally, a kappa value of

Figure 1: Craniocaudal views of mammograms of different patients
showing ACR BI-RADS categories of breast density with QUANTRA
numerical breast density values in parentheses: (A) D1(12%), (B) D2
(17%), (C) D3 (22%),and (D) D4 (33%)
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0.00-0.20 indicates minimal agreement, 0.21-0.40 indicates
fair agreement, 0.41-0.60 indicates moderate agreement,
0.61-0.80 indicates substantial agreement, and 0.81-1.00
indicates almost perfect agreement.

Receiver operator characteristic (ROC) analysis with Stata
13 software was used to arrive at cutoff values of numerical
breast density percentage, as determined by QUANTRA,
for each ACR BI-RADS category. We also tried to separate
mammograms into non-dense (categories D1 and D2) and
dense (categories D3 and D4), as suggested by Ciatto et al.,"!
and establish a cutoff breast density percentage value for
this purpose.

Furthermore, for the purpose of internal validation of the
study, we randomly divided the data into two sets: A test
data set of 400 mammograms and a validation data set of
145 mammograms. Patients in validation data set were
assigned BI-RADS breast density categories according to
the cutoff values obtained from the test data set. These
categories were then correlated with the categories assigned
visually by radiologists in the same patients.

Results

Table 1 depicts the distribution of visual mammographic
density across ACR BI-RADS categories as determined by
three radiologists. The inter-observer agreement for the
three radiologists was variable: Kappa value for readers
A (SP) and B (ST) was 0.6314 (substantial agreement), for
readers B (ST) and C (SH) was 0.5162 (moderate agreement),
and for readers A and C was 0.4085 (moderate agreement).

QUANTRA breast density values were obtained for all
patients, and these fell in the range of 7-42%. QUANTRA
breast density cutoff values established for various ACR
BI-RADS categories using ROC analysis are depicted in
Table 2 and Graphs 1-3. AQUANTRA density cutoff value
of less than 14.5% identified patients in category D1 with a
sensitivity of 85.71% and specificity of 84.21% (AUC 94.09%;
confidence interval: 92.318, 95.867). QUANTRA density
value less than 19.5% separated patients in categories
D1 and D2 from patients in categories D3 and D4 with
a sensitivity of 87.50% and specificity of 84.60% (AUC
94.4%; confidence interval: 92.2, 96.6). QUANTRA density
values less than 26.5% accurately differentiated patients
in categories D1, D2, and D3 from category D4 patients
with a sensitivity of 88.89% and specificity of 88.61% (AUC
90.75%; confidence interval: 83.5, 97.9). Using a QUANTRA
breast density value of less than 19.5%, mammograms could
be classified as non-dense (categories D1 and D2) with a
sensitivity of 87.50% and specificity of 84.60%.

On applying ROC analysis to the test data set of 400 patients,
we again reached the cutoff breast density value of 19.5%
to separate the mammograms into dense and non-dense.

Table 1: Distribution of visual mammographic density across ACR
BI-RADS categories as determined by three radiologists

A 232 (42.57) 191 (35.05) 101 (18.53) 21(3.85)
B 258 (47.43) 204 (37.5) 66 (12.13) 17 (2.94)
C 323 (59.27) 168 (30.83) 46 (8.44) 8 (1.47)
Maijority 209 (38.35) 200 (36.70) 109 (25.75) 27 (4.95)

ACR BI-RADS = American college of radiology breast imaging-reporting and data system

Table 2: Breast density cutoff values for each ACR BI-RADS category
as determined using receiver operator characteristic analysis

D1 <145 85.71 84.21 94.09
D2 14.5-<19.5 87.50 84.60 94.4
D3 19.5-<26.5 88.89 88.61 90.75
D4 =26.5 88.89 88.61 90.75

ACR BI-RADS = American college of radiology breast imaging-reporting and data system,
ROC=Receiver operator characteristic
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Graph 1: ROC analysis for QUANTRA breast density values less
than 14.5%

Applying this value to the validation data set, we were able
to separate the mammograms into dense and non-dense
categories with a sensitivity of 87.5% and specificity of
88.68%][Table 3].

Discussion

Mammographic breast density is the percentage of
mammogram occupied by radiologically dense breast
tissue. The role of mammographic breast density as a risk
factor for carcinoma breast has been a matter of much
speculation, intense research, as well as heated debates
amongst breast radiologists and surgeons alike, ever since
Wolfe first described the breast parenchymal patterns in
1976.5 A high mammographic breast density may not only
obscure an early cancer, but is itself an independent risk
factor for carcinoma breast, carrying a relative risk that
comes behind only age and BRCA status; and it carries
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Graph 2: ROC analysis for QUANTRA breast density values less
than 19.5%

Table 3: Separation of mammograms into non-dense (ACR BI-RADS
categories D1 and D2) and dense (ACR BI-RADS categories D3 and
D4) categories using a QUANTRA value of 19.5%, as derived from
test data set and applied to validation data set

19.5% 87.5% 88.68%
ACR BI-RADS = American college of radiology breast imaging-reporting and data system

the highest attributable risk amongst all risk factors,
because it is very common.>**?1JAn odds ratio of 4-6 has
been reported for development of carcinoma breast in
women with extremely dense breasts, irrespective of age,
menopausal status, and use of hormone replacement
therapy.['”?' Hence, modified screening protocols [more
frequent screening, screening with USG and magnetic
resonance imaging (MRI)] may be required for women
with a higher breast density. Objective measurement of
breast density can not only help develop individualised
screeing protocols, but also better individual breast
cancer risk prediction models. Breast density may also be
used as a surrogate marker in breast cancer prevention
trials. Therefore, it is it is of vital importance that the
radiologist records mammographic breast density in a
report, and also educates the patient about the need for
any additional investigations (USG or MRI) in women with
dense breasts. The state of Connecticut in USA has passed
a legislation that makes it mandatory for the radiologist
to report mammographic density and to communicate its
implications to the patient.”?! Although it is premature
to speculate, but this legislation may be a harbinger of
a paradigm shift in breast imaging with emphasis on
individualised imaging and management protocols
depending on the patient’s breast density.

In an attempt to objectivize reporting of breast density,
the ACR introduced the quantitative system of reporting
mammographic density in 2004.” However, this assessment
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Graph 3: ROC analysis for QUANTRA breast density values less
than 26.5%

is subjective and studies have shown significant variations
in inter-observer agreement with kappa values showing
minimal to substantial agreement.**! In our study, the
variation in inter-observer agreement was significant with
kappa values showing only moderate agreement between
radiologists A and C, and radiologists B and C; there was
substantial inter-observer agreement between radiologists
Aand B.

Earlier attempts to determine breast density made use
of computer-assisted planimetry in one form or the
other.>?1 More recently, computer-assisted planimetry
has been applied on digital mammograms whereby dense
and fatty areas in the mammogram are separated either
manually®**! or with segmentation techniques.[®!%*3
However, there are some important limitations in these
methods.They measure breast density in a binary fashion
only, separating the mammographic densities into either
fat or breast parenchyma. They do not take into account
exposure values, half value layer details, and thickness
of the breast parenchyma. Hence, their accuracy has been
questioned.®” QUANTRA overcomes these limitations as
it takes into account kVp, mAs, target and filter materials,
and energy deposited at the image detector in each pixel (as
a surrogate for the thickness of breast tissue traversed) to
calculate the volume of the entire breast, fibroglandular
tissue, and the resultant mammographic density.

We found numerical breast density as measured by
QUANTRA in the range of 7-42% in 545 mammograms.
These values are lower compared to those obtained by visual
classification, and are similar to the results obtained with
QUANTRA in earlier studies.*"*4 Ciatto et al. (418 patients)
reported that a QUANTRA density value of less than 22%
is the best cutoff value to separate mammograms into
dense (categories D3 and D4) and non-dense (categories
D1 and D2)," whereas Rafferty et al.(264 patients) reported
13% as the best cutoff value for this purpose.? Our results

394 Indian Journal of Radiology and Imaging / November 2015 / Vol 25 / Issue 4



Pahwa, et al.: Measuring breast parenchymal density

were closer to those of Ciatto ef al. and we found that a
QUANTRA cutoff value of 19.5% was the most accurate
in classifying mammograms into dense and non-dense.
We were able to establish the cutoff values for each BI-
RADS category and assign mammograms to appropriate
categories using QUANTRA values.

Conclusion

QUANTRA is a robust volumetric computerized method
available for measuring breast density and is easy to
use. Breast density values as obtained by QUANTRA are
systematically lower than those obtained by subjective
visual assessment. We were able to establish cutoff breast
density values as obtained by QUANTRA, to assign ACR
BI-RADS categories to mammograms. This assessment
correlated well with the visual assessment by radiologists.
More studies are required to compare evaluation of breast
parenchymal density using QUANTRA to validate the
reliability and application of this method in routine clinical
practice.
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