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ABSTRACT

Hiiseyin Alper Kiziloglu, MD, ) )
Objective: Breast cancer screening is a valuable field of health research conducted through

Assist. Prof.

Address: Tokat  Gaziosmanpasa mammography. However, mammography evaluation is the examination with the most frequent
University, ~Faculty —of Medicine, lack of to agrement among radiologists. In this study we aimed to show the compatibility of
D tment of Radiology, Kaleard . . . . . .

cpariment - of - faciofogy, Baleardi mammographic density classification with a new software, Bellus Breast Density Measurement
Neighborhood, Mubhittin ~ Fisunoglu

Street, 60250 Tokat, Tiirkiye Software (Option), with visual examination.

E-mail: alperkzloglu@hotmail.com Methods: The mammographic density classification of 500 patients was retrospectively
determined by five radiologists with varying levels of experience, according to the Sth version of
the breast imaging reporting and data system (BIRADS). The mean age of 500 women included in
the study was calculated as 53.84+10.08. The obtained data were compared with the Bellus software
mammographic density classification of the same patients. Then, the visual evaluation and the
compatibility of the Bellus software and the readers were compared.

Results: The agreement between the Bellus software and all five readers was poor (kappa value
0.07-0.12). The agreement of the readers with each other is moderate-good (kappa value 0.054-
0.64). The Intraclass Correlation Coefficient (ICC) value for the five separate readers was calculated
to be 0.80, indicating good compatibility, while the ICC value for the Bellus software with the five
separate readers was calculated to be 0.74, indicating moderate compatibility. The Friedman test
revealed that while the mammographic density classification of each reader remained consistent,
the classification provided by the Bellus software differed.

Conclusion: Bellus Breast Density Measurement Software (Option) diagnostic accuracy is lower

than visual examination. We recommend that the manufacturer develop the software.

This work is licensed under a Creative

Commmons Aftribution-NonCommercial 4.0 Keyworlds Bellus software, mammographic density, automatic.

International License.

INTRODUCTION

Breast cancer is observed in high incidence and mortality for
women in the world. According to the latest updated report of
the American Cancer Society; breast cancer constitutes 30% of
cancers in women and it is predicted that there will be 297,790

new cases in 2023. In addition, the incidence rate of breast cancer

XX

increases 0.5% each year [1]. For this reason, breast cancer
screening programs play a vital role. Significant advances have
recently occurred in the diagnosis and treatment of breast cancer,
which has reduced mortality rates. Breast cancer screening is
performed by mammography according to the breast imaging
reporting and data system (BIRADS) all over the world. In our
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country, breast cancer screening is performed once a year for
women over the age of 40. For patients in the high-risk group,
screening is performed at an earlier age. These; family history,
BRCA gene mutations, patients receiving radiotherapy to the
chest area, and patients with high-risk pathology results such as
atypia in previous breast biopsies [2]. In the presence of dense
breasts in mammography, additional imaging is needed, and
in this case, it is often evaluated with supplemental scanning

ultrasonography [3.4].

Volumetric mammographic density (MD) defines the ratio of
the percentage of dense tissue to the whole breast. On the image,
it is related to the attenuation value of X-rays in the breast
tissue [5]. Fat tissue appears radiolucent on mammography,
which is dark on mammography. Fibroglandular tissue consists
of fibroblasts, epithelial cells, and connective tissue cells,
radiologically dense and brightly visible on mammography.
According to BIRADS, breast density is divided into 4 major
categories. These categories are defined as follows: Category A
represents completely fatty tissue (5-24% fibroglandular tissue),
B represents diffusely located fibroglandular tissue (25-49%
fibroglandular tissue), C represents heterogeneous density (50-
75% fibroglandular tissue), and D corresponds to dense breast
density (75% and more fibroglandular tissue). In BIRADS
version 5, categorization was made only by visual evaluation
without including percentages in density categorization [6].
This classification is made visually by radiologists all over
the world. Several software programs have been developed to
automatically perform this subjective classification and quantify
breast density. [7,8]. Dense breast definition defines categories C
and D. Dense breast has two major clinical conditions. The first
is that it reduces the sensitivity of mammographic screening and
the second is that it is an independent risk factor for breast cancer
[9,10]. As a result, dense breast tissue and cancerous tissue share

similar attenuation characteristics, causing both to appear bright

Main Points:

» There is interobserver variability in determining

mammographic density rates.

» Bellus software, which is automatic breast density

calculation software, makes more errors than expected.

* In the Middle Black Sea Region, there are more cases in

the nondense (A and B) mammographic density group.

Kiziloglu HA, et al.

on mammography. Dense tissue and cancer tissue have similar

attenuation and both appear bright on mammography.

Tomosynthesis or 3D mammography was approved by the US
Food and Drug Administration (FDA) in 2011 for use in all
clinical indications used for mammography. In this technique,
the X-ray tube moves at a certain angle arc in the compressed
breast tissue to obtain an image. In this way, images with smaller
doses are obtained at multiple angles [11]. It has been shown
that this method, especially in dense breasts, is more sensitive in

detecting cancer compared to mammography [12,13].

Mammographic density classification is visually subjective,
and differences in intraobserver and interobserver classification
have been shown in the literature [14]. In addition, although it
is not the standard method recommended for MD until now,
visual assessment is performed with semi-automatic method
and automatic methods. Studies in the literature compare these
methods both with visual evaluations by radiologists and among
themselves. [15,16]. These programs are; Cumulus (Sunnybrook
Health Sciences Centre, Toronto, ON, Canada), Quantra
version 2.0 (Hologic Inc, Bedford, MA, USA), Volpara Density
Algorithm 1.5.0 (Volpara Health Technologies, Wellington,
New Zealand), Densitas version 2.0.0 (Densitas Inc, Halifax,
NS, Canada). However, there is currently no literature on the
use of the Bellus automatic breast density measurement system
specifically designed for tomosynthesis mammography devices

developed by Fujifilm (Tokyo, Japan).

The aim of our study is to assess the agreement among
observers in breast density classification using tomosynthesis,
and to investigate the agreement among observers using the
Bellus automatic breast density measurement system with the

participation of different observers.

MATERIALS AND METHODS

The study was conducted retrospectively following approval
from the local ethics committee (approval number: 22-KAEK-
286, dated 22.12.2022). Our study adhered to the principles

outlined in the Helsinki Declaration.

Case Selection

The mammography images of 650 randomly selected cases, who
came to breast screening in accordance with national standards,
were analyzed retrospectively. Patient selection was made
randomly and is thought to objectively reflect the society. Cases
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who received hormone therapy before, cases with a history of
breast cancer, cases who underwent breast surgery, cases with
suspected malignancy in the breast during the examination, and
cases with a difference in density between the two breasts were
not included in the study. In addition, patients who could not
perform adequate breast compression, had intense artifacts in
the images, and patients in whom most of the breast was not
included in the image area were not included in the study (Table
1). Ultimately, 500 patients were included in the study. The
mean age of 500 women included in the study was calculated
as 53.8+10.08.

Table 1. Mammographic Density classification rates of each

reader and Bellus software.

A B C D Total
Readers
n (%) n (%) n (%) n (%) n (%)
. 269 152 500
First
60 (12) (53.8) (30.4) 19 (3.8) | (100)
68 196 182 54 500
Second
(13.6) (39.2) (36.4) (10.8) (100)
244 500
Third
60 (12) (48.8) 175 (35) | 21 (4.2) | (100)
64 224 500
Fourth
(12.8) (44.8) 175 (35) | 37(7.4) | (100)
61 251 136 52 500
Fifth
(12.2) (50.2) (27.2) (10.4) (100)
210 500
Bellus
(42) 245 (49) | 42(8.4) | 3(0.6) (100)
n: number

Tomosynthesis Technique and Protocol

Images were obtained with the Fujifilm AMULET Innovality
Digital Tomosynthesis device. The patients were given the
maximum possible compression, mediolateral (MLO) and
craniocaudal (CC). Due to automatic exposure control (AEC),
milliampere-seconds (mAs) and kilovoltage peak (kVp) values
differ from patient to patient. These values are in the range of 25-
35 kVp and 25-100 mAs. Exposure time is less than 2 seconds
and fully automatic exposure technique is used. Sections for
tomosynthesis were created on the MLO. MLO images were
obtained in such a way that the lower end of the pectoral muscle
ends at the inferior level of the imaginary line passing through
the areola and the inframammer fold is visible. CC images were
obtained with the pectoral muscle visible in the posterior. No

contrast agent was used.
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Image Evaluation and Bellus Breast Density Measurement

The images were evaluated independently by 5 radiologists
with different breast radiology experiences (Respectively,
their experience was 2 years, 4 years, 9 years, 11 years, 16
years). One of the observers is a junior assistant and the other
is a senior assistant. Three observers are radiologists. One of
them is a breast radiologist and the other two are nonspecific
radiologists. Observers have undergone international breast
radiology training. Images were evaluated from a 21.3 inch
3MP IPS Screen medical monitor via Fujifilm Mammography
Workstation (3000AWS7.0 Option) and Sectra IDS 7 PACS
(Picture Archiving and Communication Systems). Readers
performed the assessment according to BIRADS version 5.
Breast densities of the patients were recorded as A, B, C, D
(Figure 1). Observers made the BIRADS category in a non-

quantitative way based on their own experience.

Figure 1. A-D mammographic density on CC radiographs of the

left breast (left to right respectively).

Bellus

automatically categorized breast density into 4 groups using

Breast Density Measurement Software (Option)
mammography images and exposure data. The calculation was
categorized into 4 groups based on mammarian gland ratio
(percentage), fat volume (cm®) and total volume of the breast
(cm®) data, and threshold values. Bellus software calculates
a percentage based on the ratio of fibroglandular tissue to fat
tissue present in the image. This calculation is performed
according to the density difference between fibroglandular
tissue and fat tissue. The software performed these calculations
on tomosynthesis data. These measurements were made by the
software on 3D breast maps (Figure 2). In this categorization,
the threshold values over the percentage of mammarian glands
are; determined as 0-15% for group A, 15-35% for group B, 35-
60% for group C and 60-100% for group D. These ranges are
determined by the Bellus software.
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Bellus Breast Density Measurement Software (Option) is a

software belonging to Fujifilm, a Japanese company.

3D Density Map

N

Figure 2. Schematic representation of the volumetric calculation
of breast gland ratio (as a percentage), fat volume (cm?®) and
breast volume (cm?) by the Bellus Breast Density Measurement
Software (Option) software developed by Fujifilm (Courtesy of
Volpora Health).

Statistical Analysis

The SPSS 24 statistical software package (IBM Corp.,
Armonk, NY, USA) was used for all data analysis. Categorical
measurements were summarized as numbers and percentages,
and continuous measurements as mean, deviation, and
minimum-maximum. It was checked with Friedman test
whether 5 different readers and Bellus Breast Density
Measurement Software (Option) median, Percentile 25 and 75
ratios were the same. Correlation between Cohen Kappa test
and readers and Bellus Breast Density Measurement Software
(Option) was examined. Kappa coefficient; if it is less than 0,
weak agreement, 0-0.20 as insignificant agreement, 0.21-0.4 as
low agreement, 0.41-0.6 as medium agreement, 0.61-0.8 as high
agreement, and 0.81-1 as excellent agreement. The Intraclass
Correlation Coefficient (ICC) value of 5 different readers and
the Intraclass Correlation Coefficient value of the software with
5 different readers were calculated. Having this value below 0.5
is poor; moderate between 0.5-0.75; 0.75-0.9 good and above 0.9
were accepted as excellent agreement [17]. One-way analysis of
variance (ANOVA) was used to compare the mean ages of each
mammographic density group for each reader and software.
Tukey HSD test was used for multiple comparison. P value

<0.05 was considered statistically significant.

In a 6x4 design with 6 readers evaluating in 4 groups,
approximately 500 samples will be studied with 80% power, 5%

type I error and an effect size of 0.10. Sample size was calculated
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with the G*Power program (version 3.1.9.4).

RESULTS

All five readers included patients in the B, C, A and D
categories, respectively, in mammographic density (From the
highest number of patients in the groups to the lowest number).
However, Bellus software included patients in the B, A, C and

D categories, respectively, in mammographic density. (Table 2).

The dense breast category (groups C and D) was detected by
the readers and the software at the following rates: first reader
171 (34.2%) patients, second reader 236 (47.2%) patients, third
reader 196 (39.2%) patients, the fourth reader identified 212
(42.4%) patients, the fifth reader identified 188 (37.6%) patients,
and the Bellus software identified 45 (9%) patients. The rate
of nondense breasts was higher for all five readers and Bellus
software in the patients included in the study. Dense breast
percentage was determined most in the second reader and least

in Bellus software.

In the Friedman test, it was determined that the median,
Percentile 25 and 75 ratios were the same for five different
readers. For Bellus software, the median value is the same, but
the Percentile 25 and 75 values are different (Table 3).

In the visual evaluation, the agreement of the readers with each
other was calculated as medium and high. In the agreement of
the readers with each other, the highest agreement kappa value
of 0.66 is between the second and fourth readers, and the lowest
agreement kappa value of 0.54 is between the first and second
readers. The agreement of each reader with the Bellus software
was insignificant. With Bellus software, the highest agreement
kappa coefficient was found between 0.12 and the first reader,
and the lowest agreement was between 0.04 and the second
reader (Tables 4 and 5).

Visually, the Intraclass Correlation Coefficient (ICC) value
was calculated as 0.8 (good correlation) for 5 readers and 0.74
(moderate correlation) when Bellus software was included with
5 readers (Tables 4 and 5).

The mean age of 500 women included in the study was calculated
as 53.8410.08. Except for the second reader, no statistically
significant difference was found for the C and D groups in terms
of mean age in the other four readers (p<0.001). However, no
statistical significance was found for any group in the mean

age of the second reader. In Bellus software, no statistically
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significant difference was found for both groups C and D, and
groups B and D (p<0.001). In each reader and Bellus software,
the highest mean age was determined in group A, and the mean

age was found in groups B, C, and D with decreasing mean ages,

Table 2. Median, percentile 25 and 75 values of each reader and Bellus software in Friedman test.

respectively (Table 6).

Kiziloglu HA, et al.

The results of the power analysis were determined as 80%

power, 5% type I error and an effect size of 0.10.

Readers Median Percentile 25 Percentile 75
First 2 2 3
Second 2 2 3
Third 2 2 3
Fourth 2 2 3
Fifth 2 2 3
Bellus 2 1 2
Table 3. Inter-reader agreement
Inter-reader agreement Kappa value Agreement Level ICC value(95%)
First and Second 0.54 medium agreement
First and Third 0.63 high agreement
First and Fourth 0.59 medium agreement
First and Fifth 0.59 medium agreement
Second and Third 0.64 high agreement
0.80 (good)
Second and Fourth 0.66 high agreement
Second and Fifth 0.63 high agreement
Third and Fourth 0.62 high agreement
Third and Fifth 0.60 medium agreement
Fourth and Fifth 0.64 high agreement
Abbreviations: ICC: Intraclass Correlation Coefficient
Table 4. Agreement between readers and Bellus software
Bellus Software Kappa value Agreement Level ICC value (95%)
First 0.12 insignificant agreement
Second 0.04 insignificant agreement
Third 0.07 insignificant agreement 0.74 (moderate)
Fourth 0.07 insignificant agreement
Fifth 0.09 insignificant agreement

Abbreviations: ICC: Intraclass Correlation Coefficient

XX



European Journal of Therapeutics (2024)

Table 5. Average age in Mammographic Density groups of each reader and Bellus software

Kiziloglu HA, et al.

Age
Readers Total A B C D
Average +SD Average +SD Average +SD Average +SD Average +SD

First 53.8+10.08 61.4249.01 56.21£9.83 47.68+7 44.68+4.28
Second 53.8+10.08 61.46+8.78 56.88+9.64 49.91£8.75 46.13+£5.78
Third 53.8+10.08 62.57+8.62 55.96+9.88 48.95+7.83 44.1+2.53
Fourth 53.8+10.08 61.83£8.75 56.57+9.85 48.96+7.85 46.08+6.19
Fifth 53.8+£10.08 61.57+£9.81 56.15+9.99 48.94+7.09 46.1+5.98
Bellus 53.8+10.08 57.249.18 52.51£10.3 45.21+4.67 42.67+4.73

Abbreviations: SD: Standard Deviation

DISCUSSION

We have demonstrated in our study that the new software, Bellus
automatic breast density measurement, which assesses through
tomosynthesis, exhibits lower accuracy in evaluating breast
density compared to visual examination, as determined by
multiple readers with varying levels of experience. Additionally,
we concluded that there is a good level of agreement among
radiologists with different levels of experience who classify
breast density through visual examination. Furthermore, we
found that the youngest group of breast density patterns is group
D, while the oldest group is group A, as identified by both visual
radiologists and the Bellus software program.

Our study aims to evaluate a novel software for classifying
mammographic density through tomosynthesis, a methodology
not previously explored. While similar studies have been
conducted on single-section mammography images, ours
marks the first attempt using tomosynthesis. Furthermore, the
involvement of five radiologists with varying levels of experience
and the examination of a large number of samples enhance the
significance of our study. By employing these methods, we
aimed to objectively evaluate mammographic density, a concept

previously challenging to classify accurately.

There are numerous studies in the literature that incorporate
volumetric estimates for BIRADS. Brandtet al. conducted a study
comparing automatic breast density measurement with clinical
measurement, revealing medium agreement between Volpara
and Quanta software and clinical breast density classification

(kappa values: 0.57 and 0.46, respectively) [18]. Another study

comparing visual evaluation with Volpara and Quanta software
in the 5th version of BIRADS found low to medium agreement
(kappa value: 0.32-0.43) and medium to high agreement (kappa
value: 0.54-0.61) [19]. When comparing breast density studies
with BIRADS version 4, Volpara software showed low to high
agreement (kappa value: 0.4-0.8) and Quanta software showed
high agreement (kappa value: 0.63-0.73) [20-23]. In our study,
we compared Bellus, a newer software, and found insignificant
agreement for each reader (kappa value: 0.04-0.12). Additionally,
we observed differences in Percentile 25 and 75 values, although
the median value was the same among five observers in the
Friedman test. We attribute the lower level of agreement in our

study to the novelty of the software we evaluated.

In the literature, mammographic density percentages have been
extensively studied for BIRADS version 5. Previous studies
have reported varying percentages across different density
categories. For instance, one study found that 10% of patients
were classified as fatty (group A), 40% as scattered (group B),
40% as heterogeneously dense (group C), and 10% as extremely
dense (group D) [24,25]. Another study reported percentages
of 3.5%, 22.1%, 54.9%, and 19.5% for groups A, B, C, and D,
respectively [19]. Similarly, another study found rates of 1.6%,
14.3%, 69.1%, and 15% in groups A, B, C, and D, respectively
[26].

In our study, we observed differences in the rates reported by
five observers, excluding the Bellus software, with percentages
ranging from 12% to 13.6% for group A, 39.2% to 53.8% for group
B, 27.2% to 36.4% for group C, and 3.8% to 10.8% for group

D. Initially, we attributed these discrepancies to variations in
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the studied population. Contrary to previous studies, our study,
conducted in the Central Black Sea Region, found a higher rate
of non-dense breasts in our study population. This suggests that
mammographic screening may be more sensitive in our society,
potentially reducing the need for supplemental screening.

In the literature, the agreement between observers in
mammographic density classification has been extensively
evaluated, revealing wide variability ranging from poor to
perfect agreement (kappa value: 0.02-0.87) [21,26,27]. Some
studies reported better interobserver agreement, reaching

perfect agreement with kappa values ranging from 0.81 to 0.84.

In our study, we found moderate to high inter-reader agreement
(kappa value: 0.54-0.66), with an Intraclass Correlation
Coefficient (ICC) value of 0.8 indicating good correlation
among readers. We attributed the differences observed in the
literature to the varying levels of experience among radiologists.
Previous studies have linked inter- and intra-reader variability
in mammographic density determination to the differing

experiences of radiologists [28].

More objective presentation of mammographic density
classification, which is a subjective evaluation, with software
will determine the needs of patients for Supplemental Screening
more accurately. It will also assist the radiologists in their
process of gaining experience.

We believe that the reason the Bellus software provides lower
estimates of breast density rates compared to human radiologists
is due to its novelty. As the software is still in the testing
phase, our initial study highlights the need for improvements.
While radiologists typically rely on qualitative assessments in
determining breast density rates through their daily practice,
software applications like Bellus aim to incorporate more

quantitative data into their findings.

Limitations

The limitations of our study include the following: it was a
single-center analysis, cases with different mammographic
densities of both breasts were not included, and the behavior of
the Bellus software in such cases was not tested. Additionally,
the rate of dense breasts in our study was low, and we did not
evaluate intraobserver agreement. Furthermore, we did not
compare the Bellus software program with more common
software programs. In the tomosynthesis technique, variations

in kVp and mAs values from patient to patient may affect
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automatic density calculation. Although we do not believe this
situation significantly impacts our results, it should be noted as
a limitation.

CONCLUSION
A new software program, Bellus Breast Density Measurement
Software [Optional function of AMULET Innovality

(3000AWS7.0 Option)], has lower diagnostic accuracy than visual
examination. We recommend that the manufacturer develop the
software. In addition, the relatively higher rate of detection of
patients in the nondense mammographic density group in the
region we live in (Central Black Sea Region) suggests that there

will be a lesser need for Supplemental Screening in this region.
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