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Usefulness of breast structure analysis (Breast Density Assessment) software in mammograms
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[Abstract]

The incidence of breast cancer is the highest in Japan, and mammograms are essential for breast cancer screening for
early detection. Breast structure analysis is classified into four levels based on the percentage of mammary gland con-
tent, with high density breasts having a higher risk of breast cancer. The bifurcation line between non-dense and dense
is therefore very important. However, the classification is subjective, based on the physician’s judgment, and the inter
and intra observer variation tends to be large. Therefore, we evaluated the usefulness of the breast composition analysis
software through an observer performance study conducted by radiological technologists. The results showed that the
agreement rate with an expert mammographer increased and the inter-observer variability decreased significantly when
the software was used. In particular, it was suggested that the software may improve the accuracy of diagnosis and read-
ing efficiency by accurately classifying the bifurcation line.
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Fig.1 An example of software display

a: Breast composition classification results are assigned
as 1-4.
1. Aimost entirely fatty (fatty)
2. Scattered areas of fibroglandular density (scattered)
3. Heterogeneously dense, which may obscure small
masses (heterogeneous dense)
4. Extremely dense, which lowers the sensitivity of
mammography (extremely dense)
b: Displays the results of breast composition classification
for each of the left and right breast.
c: Display of the degree of density for the left and right
breast as a bar.
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Experiment1 : Independent test F—|
Data set A (100 case )
v Evaluate without software
output.

Without software output

Experiment?2 @ Sequential test
Data set B (50 case )

v Evaluated without and
then with software output
1 hour break

h 4

Experiment 3 @ Independent test
Data set A (100 case )
Evaluated with software
output

With software output

Fig.2 Schematic diagram of experiments 1-3.

Experiment 1 (Independent test): Evaluation without soft-
ware output as an independent observer experiment
(using data set A).

Experiment 2 (Sequential test): Evaluation without soft-
ware output as a continuous observer experiment, with
results immediately after (data set B).

Experiment 3 (Independent test): Evaluation with software
output as an independent observer experiment (using
data set A with random order).
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Difference in breast content (%) between
truth and observer’s response in
independent test (Experiments 1 and 3)
Observer's response were closer to the truth in experi-

ment 3 than in experiment 1, with statistical significance.
(p <0.001)

Table 1 Agreement with truth in observer’s
response of independent test
(Experiments 1 and 3)

Experiment 1 Agreementrate : 66.7%  Experiment 3 Agreementrate : 77.1%

“~Observer [~ Observer]

Truth ™ 1 2 3 A 1 2 3 4

1 47 8 1 27| 28|

2 58 528 30 2| 1 567 48

‘ 3| 237 148 11 3 137| 246 13|

4 3 19 11 4 1 24 8

The number of agreed cases was higher in experiment 3
than in experiment 1, the agreement rate was improved
by approximately 11.0%.
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truth L BIEEHOWE L D% (Fig.3) % L BILEHD
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%Y, L Z211.0% DM EPR G (Table 1).

—77, FUEHEB D FUREE & A — R E D 55
5 £ > %l 2 1eETHOREBIBOHE % Table 2 (7R
T, FEER3B O TIERIBED & B~ DL,
1463EFID 5 B truth £ —3 L 72 & DX 1104ERI T H
h, #EGLLTIET5.3% (110/146%EH)) ThH-1e.
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P<0.001

Inter-observer standard deviation

Experiment 1 Experiment 3

Fig.4 Inter-observer variation in breast content (%)
in independent test (Experiments 1 and 3)
Inter-observer standard deviation was reduced in

experiment 3 compared to experiment 1, with statistical
significance. (p <0.001)

Table 2 Evaluation between observer and truth in
independent test (Experiments 1 and 3)
(Total number of cases in agreement
between observer and truth/Total number
of cases evaluated by observer)

. Dxperiment3 non-dense breast dense breast

Exporiment1 (10r2) (3ord)

non-dense breast 582/735 110/146
(1or2) (79.2%) (75.3%)
dense breast 12/26 144/193
(30r4) (46.2%) (74.6%)

The agreement with truth in judging dense breast cases
improved in 75.3% (110/146), confirming that the use of
software improved the agreement between the specialist
and the observer.
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Table 3 Difference in evaluation time (seconds) in
independent test (Experiments 1 and 3)
per observer.

Time required (second)

Experiment  Experiment shortening

1 3 time

Observer01 1,597 1,035 562
Observer02 1,370 805 565
Observer03 1,311 1,055 256
Observer04 1,103 765 338
Observer05 1,409 1,048 361
Observer06 1,652 785 767
ObserverQ7 962 707 255
Observer08 1,033 1,083 -50
Observer09 560 483 77
Observer10 675 610 65
Observerii 1,260 1,158 102
Average 1,167 867 300

Evaluation time was reduced in 10 of 11 observers, with
an average reduction of 300 seconds. (3 seconds/case)

P=0.063

-30

Truth - observer responses

breast content (%)

-40
Without software  With software

P<0.001

Without software With software

Inter-observer standard deviation
o

Fig.5 Difference in breast content (%) between
truth and observer with and without software
in the sequential test (Experiment 2)

There was no statistically significant difference. (p=0.063)

Table 4 Agreement with truth in breast contents
of sequential test (Experiment 2)

Without software

Agreement rate : 76.2%  With software
“~Observer 0

Agreement rate : 76.2%

1 3 3 4 Jbserver
Truth Truth™ ! 2 3 4

1 23 10 1 20 13

2 267 30 2| 269 28

3 74 120 4 3 67| 122 9
4 13 9 4 14 8

The agreement rate was 76.2% with and without soft-
ware, but the number of matched cases increased in cat-
egories 2 (scattered) and 3 (heterogeneous dense).

24 (760) & HARBHBIHILIZEE 2023, vol.70 n0.850

Fig.6 Inter-observer variation in breast content
(%) with and without software in sequential
test (Experiment 2)

Inter-observer variability was reduced with use of the

breast composition analysis software, with statistical sig-
nificance. (p < 0.001)

Table 5 Evaluation between observer and truth in
sequential test (Experiment 2)
(Total number of cases in agreement
between observer and truth/Total number
of cases evaluated by observer)

o . With software non-dense breast dense breast
Without software ™ (10r2) (3ord)
non-dense breast 230/354 13/20
(10r2) (65.0%) (65.0%)
dense breast 9/15 117/161
(30r4) (60.0%) (72.7%)

The agreement with truth improved in 65.0% (13/20) and
60.0% (9/15) of both dense breast and non-dense breast

cases, with use of the software.
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