Impact of Breast Density on Computer-Aided Detection in Full-Field
Digital Mammography
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The goal of this study was to evaluate the performance
of a computer-aided detection (CAD) system in full-field
digital mammography (Senographe 2000D, General
Electric, Buc, France) in finding out carcinomas depend-
ing on the parenchymal density. A total of 226 medio-
lateral oblique (MLO) and 186 craniocaudal (CC)
mammographic views of histologically proven cancers
were retrospectively evaluated with a digital CAD
system (ImageChecker V2.3 R2 Technology, Los Altos,
CA, USA). Malignant tumors were detected correctly by
CAD in MLO view in 84.85% in breasts with parenchy-
mal tissue density of the American College of Radiology
(ACR) type 1, in 70.33% of the ACR type 2, in 68.12%
of the ACR type 3, and in 69.70% of the ACR type 4.
For the CC view, similar results were found according to
the ACR types. Using the chi-square and McNemar
tests, there was no statistical significance. However, a
trend of better detection could be seen with decreasing
ACR type. In conclusion, there seems to be a tendency
for breast tissue density to affect the detection rate of
breast cancer when using the CAD system.
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aided detection (CAD), breast density, ACR types

INTRODUCTION

reast cancer is the most common cancer in

women over the age of 40 years.! Early de-
tection is believed to be important for improving
prognosis and therapy with reduction of mortality
and morbidity.> Mammography is well established
to detect breast cancer early. Several studies have
shown that the detection rate of breast cancer can
be improved by up to 15% by double reading.>”’
In the last few years, computer-aided diagnosis
(CAD) was used for screen-film mammography.
This technique requires a digitizer that converts the
analog image to a digital image prior to imple-

mentation of the CAD algorithm.* ' More recent-
ly, a new CAD system has become available that
processes primary digital images and can be used
directly on digital mammography images.'* '
Satija et al.'® evaluated 82,391 screening mam-
mograms among 36,495 women aged 40-80 years
and found that American College of Radiology
(ACR) classes 1 and 2 breasts were associated with
a relative risk of 0.39 at the age of 40 and 0.61 at
the age of 80 with respect to the general population
at the same age. The relative risk for ACR type 3
was 0.72 at age 40 and 1.13 at age 80. High breast
tissue density is known to interfere with the inter-
pretation of mammograms. Breast tissue density
is classified into four types according to the BI-
RADS Iexicon of the American College of Radi-
ology (ACR).'” Mandelson et al.'® evaluated breast
density as a predictor of mammographic breast
cancer detection. Sensitivity was 80% among
women with fatty breast tissue (ACR type 1), but
only 30% in women with extremely dense breast
tissue (ACR type 4). There are many studies in-
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dicating that CAD is a useful tool to aid breast
cancer detection and interpretation by radiolo-
gists.'” ! The following authors used secondarily
digitized mammograms for evaluation in different
CAD systems. Brem et al.?® found that the CAD
system (Second Look 3.4, CADx Systems, Bea-
vercreek, OH, USA) improved significantly the
detection of breast cancer by increasing radiolo-
gist sensitivity by 21.2%. Baker et al.*' evaluated
the sensitivity of commercially available CAD
systems (ImageChecker M1000, Version 2.5, R2
Technology, Sunnyvale, CA, USA, and Second
Look 4.0, CADx Systems) for revealing architec-
tural distortion. They found that fewer than one
half of the cases of architectural distortion were
detected by these two CAD systems used for
interpretation of screening mammograms. The
authors concluded that considerable improvement
in the sensitivity of CAD systems is needed for
detecting this type of lesion. CAD may be partic-
ularly advantageous in patients with dense breasts,
in which mammography is most challenging.
However, often, secondary digitized mammo-
grams were used. The primary CAD software
(ImageChecker Version 2.3, R2 Technology, Los
Altos, CA, USA), which we used with full-field
digital mammography, was tested in a preliminary
study identifying 55 out of 63 breast cancers with
a sensitivity of 87.3% and 0.6 false positive per
image.'® The results were similar to those of a large
trial using screen-film mammograms, which were
secondarily digitized with a sensitivity of 83.6%
(906 of 1083 cancers) and about 1.0 false positive
per image.'® It would therefore be useful to inves-
tigate the performance of a computer-aided detec-
tion system of full-field digital mammograms in
dependence of breast density.

The goal of this study was to evaluate the
clinical performance of a CAD system of a full-
field digital mammography system in detecting
carcinomas in breasts of different tissue densities.

MATERIALS AND METHODS

The CAD system (ImageChecker V2.3; R2 Technology,
Los Altos, CA, USA) was retrospectively applied on digital
mammograms of 226 histologically proven carcinomas
(Senographe 2000D, GE Medical Systems, Buc, France), which
were retrospectively collected from the routine work of our

diagnostic breast center. For this study, approval of the ethics
committee prior to starting the study was received.

All patients underwent clinical course, ultrasound, and
mammography when they present at our institution. The
retrospectively evaluated cases included all cancers, which were
seen at our daily routine work. Therefore, cancers were included
into the study, which were only detected in mammography, only
in sonography, or which were seen even only in MR mammog-
raphy. No primary selection was performed. Two hundred
twenty-six images in mediolateral oblique view (MLO) and 186
images in craniocaudal view (CC) were available. Some of the
patients did not receive a CC view because of age and/or further
diagnostic in MR mammography or because of previous
mammograms of the tumor in analog technique.

Of'the 226 images in MLO view, histology revealed 45 ductal
carcinoma in situ (DCIS), 96 invasive ductal carcinomas (IDC),
41 invasive lobular carcinomas (ILC), 10 lobular carcinomas in
situ (LCIS), 10 tubular carcinomas (TC), 2 invasive papillary
carcinomas (IPC), 10 ductal-lobular carcinomas (DL), 4
angiosarcomas, 3 medullary carcinomas (MEC), 3 mucinous
carcinomas (MUC), and 3 other entities. In CC view, of the 186
images, 31 DCIS, 83 IDC, 33 ILC, 9 LCIS, 8 TC, 2 IPC,9 DL, 3
AS and MEC, 2 MUC, and 3 others were found.

The breast tissue was classified primary by the breast
radiologist when the patient presented in our diagnostic breast
center according to the BI-RADS categories in four ACR
classes (Table 1). This means that all mammograms are
categorized due to the BI-RADS classification including breast
tissue density and the categories of the BI-RADS (classes 0-6).
At that time, diagnosis and histology of suspicious lesions were
not confirmed.

In the MLO view, of the 226 cases, 33 showed fatty breast
density, 91 fibroglandular, 69 heterogeneously dense breast,
and 33 extremely dense breast tissue. In CC view, breast tissue
was fatty in 30 of the 186 cases, fibroglandular in 70, hetero-
geneously dense in 56, and extremely dense in 30.

All these cases were retrospectively seen from one radio-
logist on the workstation with the CAD prompts when his-
tology was available. At that time, tumor localization on the
preoperative mammography was well known because of the
correlation to preoperative localization imaging, to specimen
radiography, or to histological reports. CAD marks that were
consistent with the histological result of carcinoma were
counted as a true positive (tp), whereas CAD marks in other
parenchyma areas were false positive (fp). Carcinomas not
marked were considered as false negative (fn). Chi-square test
was performed to compare independent frequencies; McNemar
test was used to compare dependent frequencies.

Table 1. Classification of breast tissue density according to the
American College of Radiology'’

ACR type Description Diagnostic accuracy
1 Mostly fat Very high

2 Fibroglandular High

3 Heterogeneously dense Limitation

4 Very dense Limitation
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Fig 1. True positive marker in CC view (a); no marker in MLO view (b). Mass near the thoracic wall.

RESULTS

One hundred fifteen of the 186 breast cancers with
images in MLO and CC projection were marked in
MLO and CC view. Further 25 tumors were seen
only in the CC and finally 17 tumors only in the MLO
view. Twenty-nine of the tumors were not detected in
either view. McNemar test showed no significant
difference between the tumor detection in MLO or
CC view (p =0.2801). However, more tumors were
seen in CC view than in MLO view. An example is
shown in Figure 1.

With respect to the breast tissue density,
malignant tumors were marked correctly in MLO
view with the CAD system in 84.85% in the ACR

Table 2. CAD marks in dependence of breast tissue type (ACR)

type 1, in 70.33% in the ACR type 2, in 68.12% in
the ACR type 3, and in 69.70% in the ACR type 4
breasts. For the CC view, the markers were cor-
rectly placed in 86.67% in ACR type 1, 77.14% in
ACR type 2, 73.21% in ACR type 3, and 63.33% in
ACR type 4 breasts. Using the chi-square test, there
was no statistical significance (p > 0.05). Howev-
er, a trend of better detection could be seen with
decreasing ACR type.

The differentiation of CAD prompts in depen-
dence of microcalcifications, masses, or masses with
microcalcifications is shown in Tables 2 and 3.

In Figure 2, an example of different breast tissue
density types and the marks placed by the CAD
system are shown.

Table 3. CAD marks in dependence of breast tissue type (ACR)

in MLO view in CC view
ACR MC MA No mark MA + MC Total ACR MC MA No mark MA + MC Total
1 (0] 22 6 5 33 1 1 20 5 4 30
2 16 47 23 5 91 2 11 41 14 4 70
3 19 16 31 3 69 3 14 19 20 3 56
4 12 3 17 1 33 4 11 4 13 2 30
Total 47 88 77 14 226 Total 37 84 52 13 186

Dif ferentiation between microcalcification (MC), mass (MA),
and mass with microcalcification (MA + MC).

Dif ferentiation between microcalcification (MC), mass (MA),
and mass with microcalcification (MA + MC).
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Fig 2. True-positive and false-positive CAD markers in different breast tissue types. (a, b) Breast cancer with true positive markers for
the microcalcifications (V) and the mass (*) of the tumor in the upper quadrant of the breast in MLO (a) and CC (b) view in a fatty-type
breast (ACR type 1). False-positive marker in the middle of the breast (vessel calcification) in MLO view. (c, d) Mass in a fibroglandular
breast tissue (ACR type 2) with true positive marker in MLO (c) and CC view (d). (e, f) True positive markers in a breast with
heterogeneously dense breast tissue (ACR type 3) with a bifocal mass in MLO view (e). Only one marker in CC view (f). (g, h) True
positive markers of a cancer with diffuse pleomorphic microcalcifications in an extremely dense breast (ACR type 4).

DISCUSSION

In literature, there are different studies about the
influence of breast tissue density on detection of
breast cancers. Ho and Lam?? evaluated a total of
264 sets of bilateral screening mammograms
taken in CC and MLO projections with secondar-
ily digitized mammograms. The CAD system
(Second Look, CADx Medical Systems, Version
1.1) detected 14 out of the total 15 cancers in fatty
breasts with a sensitivity of 93.3% and 1.3 false-

positive marks per image. In breasts with scattered
fibroglandular tissue pattern, the sensitivity was
93.9% with 1.6 false-positive marks per image. In
heterogeneously dense breasts, the sensitivity of
the CAD system fell to 84.8% with 1.6 false-
positive marks per image. The sensitivity of the
CAD system dropped further to 64.3% in mark-
edly dense breasts with 1.2 false-positive marks
per image. The decrease in sensitivity in dense
breasts was significant in this study (p = 0.046).%
Our study also revealed a tendency of increasing
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false-negative results with increased breast tissue
by using a primary CAD system. The results for
this CAD system, however, were not significantly
different (p > 0.05).

Birdwell et al.> showed no significant differ-
ence in CAD performance in dense and nondense
breasts. They found missed cancers to be evenly
distributed in mostly fatty and dense breasts (51
and 49%, respectively). The CAD system used in
this study (R2 Technology V2.0; R2 Technology,
Los Altos, CA, USA) consisted of a laser digitiz-
er, a computer using proprietary signal-processing
algorithms, and a customized motorized viewer with
video display monitor. The original prior mammo-
grams were digitized at 50-pm resolution with 12
bits of gray scale.”

Brem et al.?* revealed that breast density does
not impact overall CAD detection of breast cancer.
Ninety percent of cancers were detected in non-
dense breasts and 88% cancers in dense breasts.
CAD sensitivity was not effected by breast density
(p = 0.38). There were more false-positive marks
on dense vs. nondense mammograms (p = 0.04).%*

Malich et al.?® evaluated in a recent study the
clinical impact of breast density and density of the
lesion’s background on the performance of a com-
puter-aided detection system (Second Look 5.0,
CADx Systems) in the detection of breast masses
and microcalcifications. Overall breast density and
density at a lesion’s background do not appear to
have a significant effect on CAD sensitivity or spec-
ificity for microcalcifications. CAD sensitivity for
masses may be lowered in cases with heteroge-
neously and extremely dense breast, and CAD spec-
ificity for masses is highest in cases with extremely
fatty breasts.”

The comparison of the different studies shows a
lot of variations of the study designs. For example,
there are differences in the patient population, in
the pathologies of the mammograms (microcalci-
fications, masses, architectural distortion), in the
histologies of the evaluated cases, and in the CAD
systems used (digital vs. analog mammograms,
Second Look of CADx Systems vs. ImageChecker
of R2 Technology, different software versions).
These facts could be the reasons for differences in
the above-mentioned studies.

In conclusion, however, our results appear to be
in line with a lot of the above-mentioned publica-
tions without significant effect of breast density in
detection of breast cancer. However, there seems
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to be a tendency toward higher sensitivity for de-
creasing ACR types of the breast. The advantage
of the presented CAD system is the use of a full-
field digital mammography system with automat-
ically shown prompts facilitating daily workflow.
Therefore, these combination systems (CAD soft-
ware and full-field digital mammography system)
could be used in screening settings, perhaps sub-
stituting the second reader in the necessary double-
reading process.
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