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Abstract

Background: Breast cancer and lung cancer are the leading causes of cancer-related mortality in women. Computed tomography
(CT) plays an important role in lung cancer examination but an unidentified role in breast examination.
Objectives: To investigate the feasibility of breast composition categorization according to the fifth edition of Breast Imaging-
Reporting and Data System (BI-RADS) atlas in low-dose CT screening.
Patients and Methods: This was a cross-sectional study completed in The 5th Affiliated Hospital of Sun Yat-sen University, Zhuhai,
China. We collected the imaging data of 57 women, who underwent low-dose chest CT scan and mammography within one week
from 1st October 2013 to 31st March 2015. Two radiologists independently interpreted the mammograms and chest CT scans and
classified the breast composition into categories a, b, c, and d. We also summarized the distribution of breast composition categories
by collecting, observing, and classifying the chest CT scans from 1916 female examinees from 1st October 2013 to 31st March 2016.
Results: Excellent agreement was observed between the two radiologists, using both low-dose CT scan (κ= 0.91) and mammography
(κ = 0.86). Agreement between low-dose chest CT scan and mammography was moderate for radiologist A (κ = 0.50) and radiolo-
gist B (κ = 0.43). More breasts were classified in categories a and b on the chest CT scan compared to mammography according to
both radiologist A (P < 0.01) and radiologist B (P < 0.01). The proportion of non-dense breast tissues (categories a & b) increased
with advancing age, while the proportion of dense breast tissues (categories c & d) decreased (P < 0.05). With advancing age, the
probability of non-dense breasts increased, while the probability of dense breasts decreased.
Conclusions: Based on the findings, it is feasible to categorize breast composition using low-dose chest CT. In the older age group,
the probability of non-dense breasts increased.
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1. Background

Breast cancer and lung cancer are the leading causes
of cancer-related mortality in women (1, 2). Early detection
and treatment via screening is an effective strategy to re-
duce cancer-related mortality (3-5). The U.S. preventive ser-
vices task force (USPSTF) recommends biennial breast can-
cer screening for women aged 50 - 74 years. Also, women
may choose to start biennial screening at the age of 40-
49 years if the potential benefits overweigh the potential
harms (6). Mammography, ultrasound (US), and magnetic
resonance imaging (MRI) are commonly used for detecting
breast cancer (7). In addition, low-dose computed tomog-
raphy (CT) plays a pivotal role in breast examination.

Based on the fourth edition of breast imaging-

reporting and data system (BI-RADS) (8), breast density
measured by chest CT scan is well correlated with breast
density on mammography, and both lung cancer and
breast density can be detected using a single CT scan (9-11).
Studies show that women with dense breasts experience a
1.8- to 6-fold increase in the risk of breast cancer, compared
to those with fatty breasts (12) . Also, some women are
exposed to a higher risk of both lung and breast cancers
(13, 14). Therefore, breast density categorization is very
valuable in low-dose CT screening of women. Low-dose
CT screening for lung cancer has been recommended for
male and female smokers over the age of 55 years in the
United States and over 50 years in China (15). In some
regions of China and Japan, where low-dose CT screening
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was conducted for lung cancer among women above 40
years, similar detection rates were reported in women and
non-smokers (4, 5) .

The American college of radiology (ACR) updated the
description of breast composition in the fifth edition of BI-
RADS in January, 2014 (16). It is important to determine the
feasibility of breast composition categorization according
to the fifth edition of BI-RADS in women undergoing low-
dose CT screening for lung cancer. According to the fifth
edition of BI-RADS (16), breast composition is divided into
categories a, b, c, and d, based on the visually estimated
content of fibroglandular-density breast tissues, without
indicating the percentage range of dense tissues. This
new categorization is more useful for clinical practice com-
pared to the previous version.

In comparison with the fourth edition of BI-RADS, the
current categorization is more helpful in demonstrating
the confidence level of breast lesion assessment, as the pos-
sibility of obscured breast lesion is related to the breast
density category. Detection of a breast lesion in categories
a and b is more accurate than tissues in categories c and
d. We hypothesized that evaluation of breast composi-
tion based on CT scans may be superior to mammography.
Therefore, in this retrospective study, we aimed to assess
and compare the feasibility of breast composition catego-
rization using low-dose CT scan and mammography.

2. Objectives

To investigate the feasibility of breast composition
categorization according to the fifth edition of breast
imaging-reporting and data system (BI-RADS) atlas in low-
dose computed tomography (CT) screening.

3. Patients and Methods

3.1. Study Sample

After the institutional review board approved the
study protocol, we collected data from women, who had
undergone both routine mammography and low-dose
chest CT screening in our hospital within one week. The
requirement for an informed consent was waived. All ex-
aminations were performed after menopause or about one
week after the menstrual period. Women with breast im-
plants were excluded. Finally, 57 women were included in
this study, 11 of whom had received unilateral mastectomy
for breast cancer. The subjects were in the age range of 40
- 77 years (mean: 48 years). We also summarized the distri-
bution of breast composition categories by collecting, ob-
serving, and classifying the chest CT scans of 1916 female
subjects over 40 years (range: 40 - 86 years; mean: 51 years)

from October 2013 to March 2016, in The 5th Affiliated Hos-
pital of Sun Yat-sen University, Zhuhai, China.

3.2. Imaging Procedures

CT scan was performed by using a 16-detector CT scan-
ner (SOMATOM Sensation 16, Siemens, Germany) at 120 kV
and 30 - 80 mAs. Images were reconstructed at a slice thick-
ness of 5 mm, window level of 50 Hounsfield units (HU),
and window width of 350 HU. On the other hand, mam-
mography was performed using a digital mammography
system (Giotto 6050-3, Italy) at 25 - 30 kV and 55 - 65 mAs.
All images were sent to picture archiving and communica-
tion system (PACS; Fuji, Japan) for interpretation.

3.3. Categorization of Breast Composition

Two radiologists (A and B), with 4 and 13 years of CT ex-
perience, respectively, interpreted the mammograms in-
dependently and divided the breasts into four categories
according to the fifth edition of BI-RADS. Category a was
defined as breasts which are almost entirely fatty, category
b was defined as breasts with scattered areas of fibroglan-
dular density, category c was defined as heterogeneously
dense breasts which may obscure small masses, and cat-
egory d was defined as extremely dense breasts which re-
duce the sensitivity of mammography. To reduce memory
bias, all CT scans was performed one month after mam-
mography.

The two radiologists divided the breasts into four cat-
egories according to their subjective assessment as soon
as they studied the images layer by layer (Figure 1). If it
was deduced that the breasts are almost entirely fatty, they
were assigned to category a. Breasts with scattered ar-
eas of fibroglandular density were classified in category
b, while heterogeneously dense breasts, which might ob-
scure small masses, were classified in category c. Finally,
extremely dense breasts, which reduced the sensitivity of
mammography, were classified in category d.

3.4. Lesion Detection

Following independent reviews for classification of
breast composition, the two radiologists conducted a joint
reading for identifying any possible abnormalities, includ-
ing micro-calcification and masses; they reached a consen-
sus for any discrepancy through discussion. The reference
standard was established by consolidation of findings on
CT scan and mammography.

3.5. Statistical Methods

All statistical analyses were performed using SPSS ver-
sion 13.0 (Chicago, USA). Mean was used to measure the
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Figure 1. Breast composition classification relative to the highest category based on image readings

quantitative. Kappa test was used to measure the agree-
ment between two observers (0.20 - 0.40: fair agreement;
0.40 - 0.60: moderate agreement; 0.60 - 0.80: substan-
tial agreement; and 0.80 - 1.00: excellent agreement). Chi-
square test was also used to compare screening perfor-
mance for less dense breasts between the two radiologists,
two interpretation methods, and different age groups. P <
0.05 was considered statistically significant.

4. Results

Excellent agreement was observed between the read-
ings of two radiologists using mammography (κ= 0.86, Ta-
ble 1). Following the review of mammograms, one breast
was classified in category a by radiologist A, and in category
c by radiologist B. Also, four breasts were classified in cate-
gory c by radiologist A, and in category b by radiologist B.
Similarly, excellent agreement was observed between the
two radiologists based on CT scans (κ = 0.91, Table 2). Fol-
lowing the review of CT images, four breasts were classified
in category c by radiologist A, and in category b by radiolo-
gist B. Also, one breast was classified in category d by radi-
ologist A, and in category c by radiologist B.

Agreement between the two imaging modalities was
moderate for both radiologists (radiologist A: κ = 0.50; ra-
diologist B: κ = 0.43) (Figures 2-4). Radiologist A classified
1.94% (2/103) of breasts in category a, 17.48% (18/103) in cat-
egory b, 80.58% (83/103) in category c, and none in cate-

Table 1. Breast Composition Categories of Two Radiologists Using Mammography

Radiologist
A

Radiologist B
Total

Category
a

Category
b

Category
c

Category
d

Category
a

2 0 0 0 2

Category
b

0 17 1 0 18

Category
c

0 4 79 0 83

Category
d

0 0 0 0 0

Total 2 21 80 0 103

gory d after reviewing the mammograms. The distribution
of corresponding categories, based on CT scans, was 5.82%
(6/103), 29.13% (30/103), 62.14% (64/103), and 2.91% (3/103), re-
spectively. Radiologist B classified 1.94% (2/103) of breasts
in category a, 20.39% (21/103) in category b, 77.67% (80/103)
in category c, and none in category d after reviewing the
mammograms. Also, based on CT images, the distribu-
tion of corresponding categories was 5.83% (6/103), 33.01%
(34/103), 59.22% (61/103), and 1.94% (2/103), respectively.

Classification of non-dense breasts (categories a & b,
defined as type I) was not significantly different between
the two radiologists, based on the mammograms (19.42%
vs. 22.33%, P > 0.05) and CT scans (34.95% vs. 38.84%, P >
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Table 2. Breast Composition Categories of Two Radiologists Using CT Scan

Radiologist
A

Radiologist B
Total

Category
a

Category
b

Category
c

Category
d

Category
a

6 0 0 0 6

Category
b

0 30 0 0 30

Category
c

0 4 60 0 64

Category
d

0 0 1 2 3

Total 6 34 61 2 103

Figure 2. Imaging findings of a 54-year-old woman. A and B, Mammography, in
which both radiologists classified bilateral breasts in category c on the mammo-
gram C, CT scan, in which category b was defined.

0.05). However, both radiologists classified significantly
more breasts as non-dense according to CT scans, com-
pared to mammography (radiologist A: 34.95% vs. 19.42%,
P < 0.01; radiologist B, 38.84% vs. 22.34%, P < 0.01) (Table 3).

Figure 3. Imaging findings of a 57-year-old woman. A and B, mammography, both
radiologists classified bilateral breasts in category c. C, CT scan, classified as category
c.

Table 3. Classification of Type I Breasts by the Radiologists Using Two Imaging
Modalities

Radiologist A Radiologist B P-value

Mammography 20 (19.42%) 23 (22.33%) 0.25

CT scan 36 (34.95%) 40 (38.84%) 0.13

P-value < 0.01 < 0.01

Regarding breast abnormalities, micro-calcification
was detected in three breasts only based on the mammo-
grams. Of nine breasts with masses on CT images, two were
missed in mammography (Figure 5).

Moreover, we retrospectively collected the chest CT
scans of 1916 female examinees (age: 40-86 years) and di-
vided them into four groups with ten-year gaps: group 1
(40 - 49 years; n = 991); group 2 (50 - 59 years; n = 649);
group 3 (60 - 69 years; n = 181); and group 4 (> 70 years; n
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Figure 4. Imaging findings of a 57-year-old woman. A and B, Mammography, both
radiologists classified bilateral breasts in category b. C, CT scan, defined as category
c.

= 95). The two radiologists read the CT scans, evaluated the
breast composition, and resolved disagreements through
discussion.

In group 1, 0.9% (9/991) of breasts was classified in cat-
egory a, 18.06% (179/991) in category b, 77.90% (772/991) in
category c, and 3.13% (31/991) in category d. In group 2, 2.77%
(18/649) of breasts were classified in category a, 29.74%
(193/649) in category b, 67.03% (435/649) in category c, and
0.46% (3/649) in category d. Also, in group 3, 15.47% (28/181)
of women were classified in category a, 46.41% (84/181) in
category b, 37.57% (68/181) in category c, and 0.55% (1/181) in
category d. Finally, in group 4, 23.16% (22/95) were classified
in category a, 56.84% (54/95) in category b, 20.00% (19/95)
in category c, and 0% in category d (Table 4). In the older
age group, the probability of non-dense breasts increased,
while the probability of dense breasts decreased (Figures 6
and 7). The difference between the groups was statistically
significant (P < 0.001). The difference between each age

Table 4. Breast Composition Categories in 1916 Female Examinees (%)

Groups
Breast composition categories

Category a Category b Category c Category d

1 (40 - 49 y) 0.91 (9/991) 18.06
(179/991)

77.90
(772/991)

3.13 (31/991)

2 (50 - 59 y) 2.77 (18/649) 29.74
(193/649)

67.03
(435/649)

0.46 (3/649)

3 (60 - 69 y) 15.47 (28/181) 46.41
(84/181)

37.57
(68/181)

0.55 (1/181)

4 (≥ 70 y) 23.16 (22/95) 56.84
(54/95)

20.00
(19/95)

0 (0/95)

group was statistically significant (group 1 vs. 2, P < 0.001,
group 1 vs. 3 , P < 0.001, group 1 vs. 4, χ2 = P < 0.001, group
2 vs. 3 , P < 0.001, group 2 vs. 4, P < 0.001, group 3 vs. 4 , P
= 0.018). The difference between each category group was
statistically significant (category a vs. b, P < 0.001, category
a vs. c, P < 0.001, category a vs. d, P < 0.001, category b vs.
c, P < 0.001, category b vs. d, P < 0.001, category c vs. d, P =
0.007).

5. Discussion

The feasibility of breast density assessment is influ-
enced by inter-observer variability (17, 18). We evaluated the
composition of 103 breasts and observed high agreement
between the two radiologists by using both low-dose chest
CT scan and mammography. This finding is consistent with
the results reported by Salvatore et al. (9), which showed
that radiologists’ agreement in the assessment of breast
density with CT scan is higher than mammography (kCT vs.
kmom = 0.79 vs. 0.62). It seems that the superiority of CT
scan is related to sectional images, which reduce overlap
between the fibrous gland and fatty tissue, unlike mam-
mography. Similar to the study by Salvatore et al., some
cases classified in category c based on mammography were
classified in category d based on CT scans. It should be
noted that the breast tissue may be compressed by gravity
in the supine position during scanning.

Breast density is an independent risk factor for breast
cancer (12, 17); therefore, evaluation of breast density is very
important. The fifth edition of BI-RADS presents an up-
dated description of breast composition (16) , based on the
density and distribution of fibroglandular tissue rather
than its percentage. In comparison with the fourth edition
of BI-RADS, the current categorization is more helpful in in-
dicating the confidence level of breast lesion assessment,
since the likelihood of breast lesion being obscured is re-
lated to the breast density category.

Generally, classification of a breast lesion in category a
or b is more definite than categories c and d. Our findings
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Figure 5. A and B, Imaging findings of a 61-year-old woman. Both radiologists detected micro-calcification on the mammograms of the right breast (arrows) (A), but not on
the CT scan (B). C and D, Imaging findings of a 72-year-old woman. Both radiologists were more confident about nodules detected on the CT scan (arrow) (D) compared to the
mammogram (arrow) (C). E and F, Imaging findings of a 70-year-old woman. Both radiologists classified bilateral breasts in category b on the mammogram (arrow) (E), but
in category a on the CT scan (F). Both radiologists were confident about the mass detected on the mammogram (E) and the CT scan (arrow) (F).

revealed that more breasts were classified in categories a
and b based on low-dose CT scans, compared to mammog-
raphy; this indicates that the radiologists were more confi-
dent about some breast lesions based on CT scans. The su-
periority of CT scan may be attributed to sectional images,

which reduce the overlap between the fibrous gland and
fatty tissue. In this regard, Boone et al. (19) reported simi-
lar findings in the assessment of breast composition using
MRI.

According to many studies, the risk of breast cancer
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Figure 6. With advancing age, the probability of non-dense breasts is increased, while the probability of dense breasts is decreased.
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Figure 7. Breast composition changes in different age groups. With advancing age, the ratio of dense breasts decreases.

in women with dense breasts is 1.8 to 6 times higher than
women with fatty breasts (12, 17). However, the diagnos-
tic rate of cancer in dense breasts based on mammogra-
phy seems to be much lower than that of fatty breasts (42%
vs. 98%) (20). As indicated in the current study, CT scans
identified more breasts as non-dense compared to mam-
mograms, and identification of breast lesions was reliable.

Additionally, it was found that the prevalence of non-
dense breasts increased with aging in women from Zhuhai,
China; this is mainly due to the loss of fatty tissues with ad-
vancing age; also, most women aged 40-60 years had dense
breasts. These findings are consistent with the fact that
in epidemiology, most breast cancers are speculated to oc-
cur between 45 and 55 years of age (2). Therefore, women
aged 40 years or above, who are candidates for low-dose CT
scan to screen for lung cancer, are suggested to undergo

breast examination simultaneously. Also, a negative find-
ing of non-dense breasts on a CT scan may indicate that
no further mammography is needed for breast screening.
However, further characterization of lesions in non-dense
breasts, as well as detection of lesions in dense breasts,
is necessary by using more effective modalities, such as
mammography, ultrasound, and MRI.

There were limitations in the present study. First, the
sample size (103 breasts) was small, even though our pre-
liminary study had indicated significant differences in the
classification of breasts between CT scan and mammogra-
phy. Second, the breasts of category d are rare in women,
as breast tissues at this age usually undergo degenerative
changes and become fatty tissues. Finally, we did not com-
pare CT scan and mammography in terms of breast lesion
detection. Therefore, further research with a larger sample
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size can help confirm the value of CT scan in breast imag-
ing.

In conclusion, based on the findings, it is feasible to cat-
egorize breast composition using low-dose chest CT. In the
older age group, the probability of non-dense breasts in-
crease.
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