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Objective: To evaluate the effectiveness and advantages of a new method for
calculating breast tumor volume based on an automated breast ultrasound
system (ABUS).

Methods: A total of 42 patients (18-70 years old) with breast lesions were
selected for this study. The Ivenia ABUS 2.0 (General Electric Company, USA)
was used, with a probe frequency of 6-15 MHz. Adobe Photoshop CS6
software was used to calculate the pixel ratio of each ABUS image, and to
draw an outline of the tumor cross-section. The resulting area (in pixels) was
multiplied by the pixel ratio to yield the area of the tumor cross-section. The
Wilcoxon signed rank test and Bland-Altman plot were used to compare mean
differences and mean values, respectively, between the two methods.

Results: There was no significant difference between the tumor volumes
calculated by pixel method as compared to the traditional method (P>0.05).
Repeated measurements of the same tumor volume were more consistent
with the pixel method.

Conclusion: The new pixel method is feasible for measuring breast tumor
volume and has good validity and measurement stability.
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Introduction

Breast cancer ranks first in cancer deaths among women.
The latest data on global cancer burden (2020) show that breast
cancer accounts for 11.7% of all new cancer cases, officially
displacing lung cancer as the most prevalent cancer type
worldwide (1). In China, there were 420,000 new breast cancer
cases, ranking it first in the world (2). Chemotherapy is one of
the most commonly prescribed treatment methods for breast
cancer (3), and its effectiveness relies heavily on imaging
methods to evaluate tumor volume (4).

Various methods have been used to assess tumor volume
(5). Magnetic resonance imaging (MRI) has excellent soft
tissue resolution, uses no radiation, and offers multi-
directional and multi-sequence imaging; however, the
examination is time-consuming and expensive (6).
Computerized tomography (CT) examination has high
spatial and density resolution (7), but uses a large radiation
dose and contrast agents with negative side effects. In
comparison, ultrasound examination offers the advantages of
being affordable, easy to administer, and radiation-free, and is
thus recognized as the preferred imaging method for breast
cancer (8). It is difficult to achieve accurate measurement of
dynamic and complex entities with two-dimensional
ultrasound, so volumetric parameters are measured with
three-dimensional ultrasound (9, 10).

Automated breast ultrasound (ABUS) is a three-dimensional
ultrasound technology for breast examination (11). It uses a
standardized, automated imaging system that stores image data
and has good repeatability (12). Its unique advantages contribute
to its important role in the diagnosis and treatment of breast
tumors (13). Currently, only tumor length can be measured on
the ABUS system, not cross-sectional area or volume (14).
Therefore, ABUS can only estimate volume according to the
ellipsoid formula using tumor length, width and height (15). It is
clinically necessary to overcome this limitation to ensure
accurate and stable measurement of breast tumor volumes
(16). Therefore, the authors designed a new method to
measure tumor volume using ABUS and evaluated its validity
and measurement stability.

Materials and methods
General information

This study was approved by the ethics committee of Shaanxi
Provincial Cancer Hospital (2021-137) and granted a waiver of
informed consent before commencement of the study. The ABUS
imaging data of 42 patients with breast tumors who underwent
ABUS examination in our hospital from June 2018 to June 2021
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were retrospectively analyzed. The validity and measurement
stability of the pixel method were compared with those of the
traditional method (length x width x height/2). Inclusion criteria:
1) female patients; 2) aged 18-70 years old; 3) with breast tumors -
if there were multiple breast tumors, the one with the largest
length and diameter was selected; 4) the breast tumor had a well-
defined boundary; 5) the long diameter of the tumor was >1cm
and <5 cm. Exclusion criteria: 1) age < 18 years old or > 70 years
old; 2) breast tumor with ill-defined boundary; 3) the long
diameter of breast tumor was <lcm or >5 cm.

Instrument and ABUS inspection process

The Invenia ABUS 2.0 (General Electric Company, USA)
was used, with a probe frequency of 6-15 MHz, field of view of
15.3 c¢m, scanning length of 16.9 cm, and maximum scanning
depth of 5.0 cm. The patient was instructed to lie in a supine
position and breathe calmly. Preset scanning conditions were
selected on the instrument according to the size of the patient’s
breast. Lateral, medial, and anteroposterior scans were
performed bilaterally for all patients, and upper and lower
scans were added for larger breasts. After the scan the images
were imported into the image viewing system that comes with
ABUS for 3D reconstruction, and transverse, sagittal, and
coronal cross-sections were obtained.

Tumor volume measurement

ABUS imaging data of breast tumor volume was evaluated
by two physicians, each using both the pixel method and the
traditional method. The traditional method is to measure the
length, width, and height of the tumor using the image viewing
system that comes with ABUS. Using an ABUS coronal image,
the length was defined as the largest diameter of the tumor and
the width was defined as the largest diameter perpendicular to
the length. Using an ABUS cross-section, the height was defined
as the largest diameter of the tumor perpendicular to the plane of
the ABUS probe on the cross-section was selected as the height
(equivalent to the anteroposterior diameter of the tumor in vivo).
The volume of the tumor was calculated by length*width*height/
2. For the pixel method, first the pixel ratio was calculated
according to the scale of the original image, and then the tumor
was outlined in order to obtain the number of pixels in each
cross-section. This process is done in Adobe Photoshop CS6
software. Tumor cross-section area was then calculated by
multiplying pixel ratio by the number of pixels in each cross-
section. On ABUS images, each breast tumor was divided on the
coronal plane at 0.1-cm intervals. For each layer, the area was
measured by pixel method, and volume was calculated by
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multiplying area by height (the height of each layer was 0.1 cm).
The total tumor volume was calculated as the sum of the
volumes of each layer. Consistency and stability of the two
methods were then compared.

Statistical methods

SPSS 26.0 software was used to perform all statistical
analyses. All measurement data were expressed as mean + SD,
and Bland-Altman plots or Wilcoxon signed rank test were used
to compare the mean values and differences of the two methods.
P < 0.05 was considered statistically significant.

Results

The 42 patients studied ranged from 19 to 65 years old, with
an average age of 37.3 + 12.6 years old. Tumor lengths ranged
from 1.0 to 4.9 cm with an average length of 2.17 cm.

The analysis of tumor pixels is shown in Figures 1, 2.
Coronal images were imported into Adobe Photoshop CS6
software, and the area-to-pixel ratio was calculated according

FIGURE 1

10.3389/fonc.2022.895575

to the scale on the image. Figure 3 shows the mean volume of
each tumor as measured by both pixel and traditional methods.

Patients’ ages and tumor lengths are shown in Table 1, along
with the differences in tumor volumes as measured by two
physicians using both pixel and traditional methods. The
mean volume of 42 lesions measured by the pixel method was
1.073 times that measured by the traditional method (standard
deviation: 0.266, 95% confidence interval: 0.541-1.605). There
was no significant difference in the volume measured by the pixel
method as compared to that measured by the traditional
method, indicating that the pixel method is feasible and
effective for tumor volume measurement (signed rank test,
P=0.542). The stability of the two methods was assessed by
comparing the mean difference between physicians. The mean
difference for the pixel method was significantly less than that of
the traditional method (P<0.01).

In addition, the consistency of the two physicians’
measurements was assessed using Bland-Altman analysis. As
shown in Figure 4, the majority of tumor volumes measured by
the pixel method were within the 95% confidence range. In
contrast, more tumor volumes measured by the traditional
method fell outside the 95% confidence range (shown in
Figure 5), further illustrating the higher consistency of the

Pixel

70756.000...

Calculation of area-to-pixel ratio using Adobe Photoshop CS6 software. (A) scale bar (5 cm). (B) square with a length of 5 cm and actual area of
25 cm?. (C) number of pixels (70756) automatically counted by the software within the outlined region. (D) tumor.
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FIGURE 2

Pixel
70756.000...

3916.000000

10.3389/fonc.2022.895575

Calculation of pixels within the tumor. (A) tumor (outlined by white dashed line). (B) number of pixels (3916) automatically counted by the

software within the outlined region.

pixel method. The mean and standard deviation of the difference
between the measured values of the two physician based on the
pixel method was smaller, and there was no statistical difference
between the measured values of the two doctors (signed rank
test, P=0.300). In contrast, there was a statistically significant
difference between the two doctors’ measurement values using
the traditional method (signed rank test, P=0.001) (Table 2).
These results show that the pixel method has smaller

measurement errors, more stable results, and less subjective

influence by physician.

Discussion

In this study, a new pixel method was developed to measure

the volume of breast tumors based on ABUS imaging. The

15+ Il Pixel method

Tumor volume

Il Traditional method

12345678 91011121314151617 181920 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42
Patient number

FIGURE 3

Means and standard deviations of each tumor volume as measured by pixel (red) and traditional (blue) methods.
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TABLE 1 Patient age and tumor length, and difference in tumor volumes measured by two physicians using either the pixel or traditional method.

Patient number Age Tumor length (cm) Tumor volume (cm?,

1 46
2 31
3 30
4 20
5 19
6 19
7 46
8 36
9 29
10 40
11 32
12 51
13 37
14 28
15 41
16 65
17 35
18 25
19 51
20 37
21 21
22 28
23 18
24 36
25 45
26 55
27 27
28 25
29 37
30 47
31 25
32 57
33 28
34 26
35 59
36 52
37 32
38 25
39 59
40 55
41 27
42 51

difference values were compared using the Wilcoxon signed rank test (W.=879, W, =24, T ¢;(2) =247-656, P<0.01).
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1.8
2.5
2.5
2.4
2.1
14
33
1.0
2.2
1.0
1.6
12
1.8
14
1.6
13
1.8
2.2
2.6
13
12
13
23
1.9
14
12
1.1
14
29
1.8
49
4.1
2.8
1.9
3.1
4.4
2.0
3.8
2.9
2.6
2.2
3.0

Pixel method)
Doctorl  Doctor2
0.676 0.665
1.503 1.558
1.526 1.541
4.040 4.040
2.535 2.580
0.171 0.172
10.174 10.261
0.218 0.208
0.758 0.760
0.330 0.358
0.582 0.578
0.320 0.325
0.730 0.719
0.246 0.245
0.444 0.441
0.571 0.586
1.384 1.328
1.487 1.451
2,017 2.022
0.228 0.227
0.347 0.329
0.619 0.610
1.508 1518
0.447 0.449
0.362 0.376
0.232 0.232
0.225 0.260
0.301 0.311
2.538 2.483
1.286 1.384
10.606 10.848
4.501 4.099
4.550 4,598
0.290 0.302
3.299 3.358
8.838 8.748
1.077 1.090
2.954 2.984
1.164 1.198
3.114 3.076
1.351 1.344
4.466 4.421

05

Difference

0.011
0.055
0.015
0.000
0.045
0.001
0.087
0.010
0.002
0.028
0.004
0.005
0.011
0.001
0.003
0.015
0.056
0.036
0.005
0.001
0.018
0.009
0.010
0.002
0.014
0.000
0.035
0.010
0.055
0.098
0.242
0.402
0.048
0.012
0.059
0.090
0.013
0.030
0.034
0.038
0.007
0.045

Doctorl

0.531
1.152
1.210
3.466
1.716
0.117
12.078
0.177
0.692
0.246
0.788
0.263
0.552
0.165
0.367
0.444
1.154
1.403
1.926
0.275
0.421
0.611
0.724
0.431
0.227
0.174
0.148
0.479
2.257
0.931
10.023
8.992
3.480
0.252
3.512
9.523
1.228
3.456
1.774
2.891
1.665
3.889

Tumor volume (cm?,
(Pixel method) Traditional method)

Doctor2

0.560
1.574
1.059
3.091
2.443
0.102
12.708
0.165
0.750
0.243
0.733
0.290
0.619
0.184
0.436
0.542
1.211
1.505
1.905
0.302
0.388
0.569
1.355
0.490
0.243
0.204
0.147
0.534
2.418
1.496
11.749
7.965
3.825
0.496
3.009
10.309
1.043
4.033
1.983
4.288
2.013
4.980

Difference
(Traditional method)

0.029
0.422
0.151
0.375
0.727
0.015
0.630
0.012
0.058
0.003
0.055
0.027
0.067
0.019
0.069
0.098
0.057
0.102
0.021
0.027
0.033
0.042
0.631
0.059
0.016
0.030
0.001
0.055
0.161
0.565
1.726
1.027
0.345
0.244
0.503
0.786
0.185
0.577
0.209
1.397
0.348
1.091
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FIGURE 4
Bland-Altman analysis of tumor volumes measured by two doctors using the pixel method
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FIGURE 5

Bland-Altman analysis of tumor volumes measured by two doctors using the traditional method

TABLE 2 Comparison between the difference of tumor volumes measured by two physicians using either the pixel or traditional method.

Pixel method

Difference

-0.0016 (0.0816)
-0.002 (-0.028,0.010)

Mean (SD)
median (Q1, Q3)

difference values were compared using the signed rank test.

results demonstrate that compared with the traditional method,
the pixel method offers less error and more stability in
measuring the volume of breast tumors.

ABUS uses a standardized, automated system for the
acquisition and storage of image data (13, 17). Tomographic
images similar to MRI and CT can be obtained in transverse,
sagittal, and coronal planes, providing sufficient information from
which to calculate target volume (18, 19). However, the current
ABUS system can only measure tumor length, and has not yet been
used to measure cross-sectional area or volume. The present study
used pixel ratios to calculate cross-sectional areas and whole-tumor
volumes from ABUS images. Results indicated that tumor volumes
calculated by the pixel method were slightly higher than, but not

Frontiers in Oncology 06

0.300

Traditional method

Difference

-0.194 (0.475) 0.001

-0.058 (-0.348,0.012)

significantly different from, those calculated by the traditional
method. This indicates that the performance of the pixel method
is comparable to that of the traditional method. Bland-Altman
analysis showed that more tumor volumes measured by the pixel
method fell within the 95% confidence range as compared to those
measured by the traditional method, further illustrating the higher
consistency of the two physicians’ measurements by the pixel
method. The ultimate goal of the pixel method is to enable
automated measurement of tumor volumes by a computer.

Not only does the pixel method offer smaller error and
greater measurement stability, but it can also measure tumors
with irregular shapes. However, one disadvantage is that the
measurement time is long. In this study, the time required to
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calculate the breast tumor volume of each patient was about 2-10
minutes. If the method were to be merged into existing clinical
software, rather than having to import to Photoshop, then the
calculation time would be significantly reduced (20). In addition,
the present study only considered tumors with well-defined
boundaries. Many malignant breast lesions are ill-defined, and
whether the pixel method would be suitable for them requires
further investigation.

In conclusion, the pixel method is feasible and effective to
measure the volume of breast tumors, with small error and good
stability of the measured value.
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