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Background: Breast-conserving surgery plus postoperative radiotherapy is the standard
surgical treatment mode for early breast cancer. Currently, there are no clear predictive
indicators to determine whether a patient can choose breast-conserving surgery, which
mainly depends on the surgeon’s clinical experience and subjective judgment. Cone-beam
breast computed tomography (CBBCT) reconstructs the breast 3D image from three
mutually perpendicular angles, helping surgeons to locate and accurately measure the volume
of the tumor, mammary gland, and breast. We used CBBCT to retrospectively measure the
tumor-to-gland volume ratio and tumor-to-breast volume ratio in breast cancer cases. Then,
we analyzed the correlation between the surgical methods and ratios in breast cancer patients.
Methods: We collected 100 patients undergoing breast-conserving surgery as the study
group, and 100 patients undergoing mastectomy as the control group. All patients chose the
surgical approach after comprehensive consideration of examination results and assessment
of patient condition. Patients underwent CBBCT examination before surgery. We retrospec-
tively measured the volume of tumor, mammary glands and breast, then calculated tumor-to-
gland and tumor-to-breast volume ratios.

Results: Tumor volume and the ratios of the two groups statistically differed (P < 0.001),
while the mammary gland and breast volume did not (P > 0.05). The average tumor-to-gland
volume ratio was 4.32% in the study group and 10.74% in the control group, and the average
tumor-to-breast volume ratio was 0.74% in the study group and 1.36% in the control group.
In breast-conserving surgery, the 95% reference range of tumor-to-gland ratio is (0, 12.90%),
and the 95% reference range of tumor-to-breast ratio is (0, 2.17%).

Conclusion: The tumor-to-gland volume ratio and tumor-to-breast volume ratio measured
using CBBCT are correlated with the choice of surgical methods (breast-conserving surgery
or mastectomy) for breast cancer patients. This can be used as possible predictor of breast-
conserving surgery to help surgeons.

Keywords: breast cancer, cone-beam breast computed tomography, CBBCT, tumor-to-gland

volume ratio, tumor-to-breast volume ratio, breast-conserving surgery

Introduction

In recent decades, the surgical approach toward breast cancer has continuously been
developing. Based on medical evidence, we found that for patients with early breast
cancer, the survival rate after breast-conserving surgery combined with postoperative
radiotherapy is equal to or greater than that of patients undergoing mastectomy.'* Both

international guidelines and Chinese guidelines suggest that an appropriate tumor-to-
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breast volume ratio is one of the guidelines for breast-
conserving surgery.” However, there is no clear indication to
help surgeons accurately calculate the volume ratio, and to
define the appropriate volume ratio range. Therefore, whether
a patient can choose breast-conserving surgery mainly relies on
the surgeon’s clinical experience and subjective judgment, and
lacks a clear predictive index.

Cone-beam breast computed tomography (CBBCT) is
a new high-resolution three-dimensional breast computed
tomography (CT) imaging technique.®’ Compared with
traditional breast imaging techniques including mammo-
graphy and MRI, CBBCT has many advantages. CBBCT
is a 3D imaging technique with low radiation dose and
simple operation. CBBCT can clearly distinguish cancer
and benign calcifications, is less susceptible to breast
density interference, and has higher sensitivity and speci-
ficity than do traditional breast imaging techniques.®® It is
precisely because CBBCT is a form of 3D stereo imaging
that it can visually display tumor location, and help to
accurately measure the volume of tumors, glands, and
breasts.

Therefore, we wondered whether it is possible to mea-
sure tumor-to-gland and tumor-to-breast volume ratios by
CBBCT, and predict whether the patient would be suitable
for breast-conserving surgery. We collected data from
patients with breast cancer who underwent CBBCT before
surgery, and measured the tumor-to-gland volume ratio
and tumor-to-breast volume ratio by CBBCT. We then
assessed whether the ratios were related to the type of
surgery the patient accepted. Using this approach, we
hoped to identify the best volume ratio range measured
by CBBCT as a predictive index for breast-conserving
surgery to help breast surgeons make better clinical
decisions.

Materials and Methods

Patients and Methods

We retrospectively collected the data of 200 patients
with breast cancer who underwent CBBCT examination
before operation in our hospital from July 2019 to
November 2020. The study group included 100 patients
who underwent breast-conserving surgery and the con-
trol group included 100 patients who underwent mastect-
In the
conventional breast conserving surgery, 40 patients

omy. study group, 47 patients underwent

underwent breast-conserving surgery with volume dis-
placement technique (including round block technique,

batwing mastopexy, tennis racket technique, and paralle-
logram mastopexy lumpectomy), and 13 patients
received breast-conserving surgery with volume replace-
ment technique (use latissimus dorsi flaps). In the control
group, 88 patients underwent simple mastectomy accom-
panied with sentinel lymph node biopsy and 12 patients
underwent modified radical mastectomy.

Inclusion criteria were: a) female; b) diagnosed with
operable primary breast cancer; c) patient accepted
CBBCT before surgery; d) maximum tumor diameter <
5 cm; and e) breast cancer neoplasm stage 0 and IIIA
according to the American Joint Committee on Cancer
classification (2017)° and no metastasis.

Exclusion criteria were: a) being pregnant; b) inflamma-
tory breast cancer; c) Paget’s disease; d) patient underwent
neoadjuvant chemotherapy; e) incomplete or technically
suboptimal CBBCT examination; f) multicentric tumors;
and g) if the decision of mastectomy was based on the
patient’s request with no other medical indications.

The age of study group was 32-78 years, with an
average age of 51.05 (£ 8.29) years. The control group
was between 31-72 years old, with an average age of
52.54 (+ 9.27) years.

This study was performed with the approval of the
Ethics Committee of Guangxi Medical University Cancer
Hospital and in accordance with the provisions of the
Helsinki Declaration. All participants provided written
informed consent. A total of 200 BC medical records
were collected.

Imaging Protocol

CBBCT uses the KBCT-1000 imaging system produced by
Corning (Tianjin) Medical Equipment Co., Ltd. CBBCT
collects 397 mm X 298 mm images at a rate of 30 frames
per second and a resolution of 1024x768. During the exam-
ination, the patient takes the prone position, and the breast
naturally droops through a hole in the center of the exam-
ination. The X-ray tube and detector scan around the breast
to obtain a two-dimensional breast projection image, which
reconstructs the three-dimensional image and uploads it to
the image processing system and work station (Figure 1).
The quantity of reconstructed images is related to the length
of the breast. Under the standard reconstruction mode
(0.273 mm®), the maximum breast length that can be recon-
structed in a single scan is 16cm. The reconstructed image is
isotropic, and the layer thickness is consistent in all
directions.
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Figure | The patient is in the prone position, and the breasts naturally sag through the hole in the center of table. The X-ray tube and detector scan a circle around the
breast to obtain a two-dimensional breast projection image. From this a three-dimensional image is reconstructed and uploaded to the image processing system and

workstation.

The equipment has passed the US Food and Drug
Administration (FDA), China’s State Food and Drug
Administration (¢cFDA), and EU CE certification.

The breast volume is measured semi-automatically. At
a work station, imaging doctors use the CBBCT console
system to mark the range of tumor, gland, and breast, and
the volume is automatically calculated by software. Both
doctors were blinded to clinicopathologic and other ima-
ging modality findings. In this study, two senior imaging
doctors measured the tumor, gland, and breast volume of
the study group and the control group, compared the
measured data and calculated the tumor-to-gland volume
ratio and tumor-to-breast volume ratio. If the data mea-
sured differed they re-measured and discussed the mea-
surements to reach a consensus.

A 49 years old patient underwent breast-conserving
surgery (Figure 2) and a 38 years old patient underwent
mastectomy (Figure 3). There are four reconstructed breast
images in each figure, which show transverse, sagittal,
coronal, and 3D views separately.

Statistical Analysis
Statistical analyses were performed using SPSS version
24.0 (IBM, International Business Machines Corp.). The

Shapiro—Wilk test was used to determine the data distribu-
tion normality. Normally or non-normally distributed data
were reported as mean = standard deviation (SD) or med-
ian and interquartile range (IQR), respectively. The Chi-
Square test was used to compare age and pathological
type. Tumor, gland, and breast volumes, and tumor-to-
gland and tumor-to-breast volume ratios were compared
between the two groups using the Wilcoxon rank sum test.
We set the value for statistical significance at P < 0.05.

Results

A total of 200 patients with breast cancer were included in
this study. Characteristics of the patients, including patho-
logical type of tumors and ages, are shown in Table 1. The
most common pathological type of breast cancer found
was invasive ductal carcinoma. The surgical method cho-
sen by the patient was not related to age or (x> = 6.21, P =
0.184) or pathological type (x* = 1.73, P = 0.63).

The average tumor volume was 2.48 cm’ (range
0.29-11.83 cm?) in the study group and 4.54 cm’ (range
0.79-17.38 cm’) in the control group, and there was sta-
tistically significant difference between them (P < 0.001)
(Table 2). The average gland volume was 73.16 cm?®
(range 14.21-250.58 cm’) in the study group and
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55.54 cm® (range 12.21-195.05 cm?) in the control group
(P>0.05). The average breast volume was 385.69 cm®
(range 110.28-958.58 cm?) in the study group and
377.04 cm’ (range 64.13-991.30 cm?) in the control
group (P > 0.05). The tumor-to-gland volume ratio range
was 0.31%~18.95% in the study group and 1.52%~52.70%
in the control group, and the tumor-to-breast volume ratio
was 0.08%~2.95% in the study group and 0.27%~7.13%
in the control group.

The average tumor-to-gland volume ratio of 10.74% in
the control group was significantly higher than that of
4.32% in the study group (P < 0.001), and the average
tumor-to-breast volume ratio of 1.36% in the control group
was significantly higher than of 0.74% in the study group
(P <0.001) (Figure 4). Based on the above data, the 95%
reference range for the tumor-to-gland ratio of breast-
conserving surgery is (0, 12.90%), the 95% reference
range for the tumor-to-breast ratio of mastectomy is
(0, 2.17%).

Discussion

Worldwide, breast cancer is the most common cancer in
women and the main cause of cancer death.'® Early stage
patients with breast cancer generally adopt standard treat-
ment methods of breast-conserving surgery (BCS) supple-
mented by postoperative radiotherapy. According to the
American Society of Breast Surgeons Performance and
Practice Guideline, current indications for BCS are:
a biopsy-proven diagnosis of DCIS or invasive breast
cancer clinically assessed as resectable with clear margins
and with an acceptable cosmetic result. Current contra-
indications for BCS include multicentric tumor involving
two or more quadrants of the breast, diffuse malignant/
indeterminate microcalcifications, inflammatory breast
cancer, and persistently positive margins of excision.
Patients with these situations are recommended to undergo
mastectomy.

The breast is a female secondary sexual characteristic
that has an important influence on women’s quality of life,
self-esteem, and self-confidence. Compared with BCS, the
mental state and quality of life of patients with breast
cancer who undergo mastectomy are often troubled by
their physical appearance.'''* Before BCS was deter-
mined by the NIH (National Institutes of Health) consen-
sus as the standard treatment mode for early breast cancer,
patients with early stage breast cancer usually accepted
mastectomy. Recently, the results of a randomized con-
trolled trials comparing the efficacy of BCS and

mastectomy have shown that BCS and mastectomy have
the same survival rate in patients with early breast
cancer. * Since then, BCS combined with postoperative
radiotherapy has become the internationally recognized
first-choice treatment for early breast cancer.

At present, mammography is a clinically recognized
and effective breast cancer screening method, but com-
pared with MRI, mammography sensitivity is relatively
low and it is easily affected by breast density. However,
while MRI improves the diagnostic sensitivity, it also
increases the false positive rate of diagnosis. Therefore,
of MRI BCS
Compared with ultrasound, CBBCT can

the routine before remains

1'15

use
controversia
eliminate operator subjectivity. Compared with MRI,
CBBCT can improve patient comfort, has a short acquisi-
tion time, and can better distinguish tumors and calcifica-
tions. Owing to the true 3D display, CBBCT can avoid
tissue overlap and reduce the false positive rate and radia-
tion dose while improving sensitivity.'® 2! Clinically, the
choice of surgery for breast cancer patients mainly
depends on the surgeon’s analysis of the patient’s specific
conditions, which is subjective and sometimes leads to
unnecessary mastectomy. CBBCT can make up for this
defect. CBBCT dynamically displays cancer through 3D
imaging. With the support of software, tumor, gland, and
breast volume (cm?) can be accurately measured. Then,
doctors can compute the tumor-to-gland and tumor-to-
breast volume ratios to provide BCS predictors and help
clinicians to make clinical decision. Compared with MRI,
CBBCT does not need to use complex calculation methods
such as threshold segmentation, and the two ratios can be
accurately measured through software, which has more
clinical promotion value.>*> Moreover, preoperative
CBBCT can assess the extent of breast cancer infiltration,
helping surgeons to determine the scope of surgery
required to achieve negative margins, so as to better con-
serve breasts and achieve the best cosmetic results.>**
In this study, we calculated that the 95% medical
reference range of the tumor-to-gland ratio for BCS is (0,
12.90%), and the 95% medical reference range of the
tumor-to-breast ratio is (0, 2.17%). This means that
patients with tumor-to-gland ratios < 12.90%, or tumor-
to-breast ratios < 2.17% should consider BCS, and that
patients outside of this range should consider mastectomy.
In the medical records we have collected, the tumor-to-
gland and tumor-to-breast volume ratios of some patients
undergoing mastectomy were within this range. However,
after comprehensively considering the patient’s TNM
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Figure 2 This patient, female, 49 years old, with invasive carcinoma of the right breast, underwent breast-conserving surgery. There are four reconstructed breast images in
each figures, which show transverse, sagittal, coronal, and 3D views separately. (A) Red mark represents tumor. Tumor volume is 3.25 cm®. (B) Green mark represents
gland, and its volume is 92.17 cm’. Tumor-to-gland volume ratio is 3.53%. (C) Blue mark is right breast and its volume is 445.05 cm®. Tumor-to-breast volume ratio is 0.73%.
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Figure 3 This patient, female, 38 years old, with invasive carcinoma of the right breast, underwent mastectomy. There are four reconstructed breast images in each figures,
which show transverse, sagittal, coronal, and 3D views separately. (A) Red mark is tumor and its volume is 21.48 cm®. (B) Green mark is gland and its volume is 132.47 cm®.
Tumor-to-gland volume ratio is 16.21%. (C) Blue mark is right breast and its volume is 425.80 cm®. Tumor-to-breast volume ratio is 5.04%.
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Table | Patient Characteristics
Study Group (Breast-Conserving Control Group x?2 P
Surgery) (Mastectomy)
n % N %
Age 6.21 0.18
<40 5 5 9 9
4049 43 43 28 28
50-59 36 36 39 39
60-69 14 14 22 22
=70 2 2 2 2
Total 100 100 100 100
Pathological tumor type 1.73 0.63
IDC 55 55 6l 6l
ILC 35 35 32 32
DCIS 5 5 5 5
Other 5 5 2 2
Total 100 100 100 100

Notes: Carcinoma, micropapillary carcinoma, metaplastic carcinoma, etc.
Abbreviations: IDC, invasive ductal carcinoma; ILC, invasive lobular carcinoma; DCIS, ductal carcinoma in situ.

Table 2 Assessment of the Differences Between Average Volumes and Ratios (Average Tumor, Gland, Breast Volumes and Tumor-to-
Gland Volume Ratio, Tumor-to-Breast Volume Ratio) Between the Two Groups

Study Group Control Group z P
Average tumor volume (cm3) 2.48 4.54 -5.32 P<0.001
Average gland volume (cm?) 73.16 55.54 -3.32 P=0.12
Average breast volume (cm®) 385.69 377.04 -0.28 P=0.78
Average tumor-to-gland volume ratio 4.32% 10.74% —6.61 P<0.001
Average tumor-to-breast volume ratio 0.74% 1.36% -5.46 P<0.001

staging, breast cancer pathological type, tumor location
(quadrants), and tumor-to-nipple distance, these patients
underwent mastectomy. Therefore, the tumor-to-gland

@The study group

U 470

Figure 4 Comparison of average tumor-to-gland and tumor-to-breast volume ratios in the two groups.

Tumor-to-gland volume ratio Tumor-to-breast volume ratio

and tumor-to-breast volume ratios should be used as
a clinical reference index, not an absolute standard, to
guide the choice of surgery type.
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Numerous studies have shown that preoperative measure-
ment of tumor-to-gland and tumor-to-breast volume ratios can
provide more accurate clinical data (such as prognosticate
HER2 status™) to help surgeons make surgical decisions,
improve the surgical success rate, and preserve breasts for
patients to achieve better cosmetic results.”* >’ In this study,
we performed CBBCT examinations on patients before sur-
gery, measured accurate tumor, gland, and breast volumes,
and computed the tumor-to-gland and tumor-to-breast volume
ratios. These two ratios can be used as predictors of BCS to
guide the selection of surgery type, facilitate discussion, over-
come subjective considerations based on rough estimations of
breast size, and to provide clinicians with quantifiable refer-
ence indicators. Moreover, the two ratios provide a readily
intelligible parameter to help patients’ to understand surgical
planning and predict postoperative cosmetic effects. The most
recent guidelines issued by the European Society of Medical
Oncology also pointed out that clinicians should consider
tumor size in relation to breast size, when thinking about
BCS, mastectomy, or tumor plastic surgery.*”

However, our study did have certain limitations. This is
a retrospective analysis study that was limited by the short
time for the introduction of equipment and the small cohort
we collected. It is necessary to continue to collect records for
further verification of our results. Additionally, CBBCT
examination is relatively expensive, and some patients cannot
afford it. Furthermore, measurement of the patient’s tumor,
gland, and breast volume are semi-automated, and required
imaging doctors to measure each at a workstation. This is
time-consuming and cannot be routinely used in clinical
practice. Through communication with software engineers,
this problem is expected to be resolved by software upgrades
and the addition of automatic measurement functions.

In summary, using the tumor-to-gland and tumor-to-
breast volume ratios measured by CBBCT as a predictor of
BCS can help surgeons to determine the most appropriate
surgery type for different patients with breast cancer.
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