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Abstract

BACKGROUND

The incidence and mortality rate of breast cancer in China rank 120" and 163,
worldwide, respectively. The incidence of breast cancer is on the rise; the risk
increases with age but is slightly reduced after menopause. Early screening,
diagnosis, and timely determination of the best treatment plan can ensure clinical
efficacy and prognosis.

AIM

To evaluate the clinical value of magnetic resonance imaging (MRI) combined
with digital breast tomosynthesis (DBT) in diagnosing early breast cancer and the
effect of breast-conserving surgery by arc incision.

METHODS

This study was divided into two parts. Firstly, 110 patients with early breast
cancer confirmed by pathological examination and 110 with benign breast
diseases diagnosed simultaneously in Changzhi People’s Hospital of Shanxi
Province and Shanxi Dayi Hospital from May 2019 to September 2020 were
included in the breast cancer group and the benign group, respectively. Both
groups underwent DBT and MRI examination, and the pathological results were
used as the gold standard to evaluate the effectiveness of the combined app-
lication of DBT and MRI in the diagnosis of early breast cancer. Secondly,
according to the operation method, 110 patients with breast cancer were divided
into either a breast-conserving group (69 patients) or a modified radical
mastectomy group (41 patients). The surgical effect, cosmetic effect, and quality of
life of the two groups were compared.

RESULTS
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Among the 110 cases of breast cancer, 66 were of invasive ductal carcinoma (60.00%), and 22 were
of ductal carcinoma in situ (20.00%). Among the 110 cases of benign breast tumors, 55 were of
breast fibromas (50.00%), and 27 were of breast adenosis (24.55%). The sensitivity, specificity, and
area under the curve (AUC) of DBT in the differential diagnosis of benign and malignant breast
tumors were 73.64%, 84.55%, and 0.791, respectively. The sensitivity, specificity, and AUC of MRI
in the differential diagnosis of benign and malignant breast tumors were 84.55%, 85.45%, and
0.850, respectively. The sensitivity, specificity, and AUC of DBT combined with MRI in the differ-
ential diagnosis of benign and malignant breast tumors were 97.27%, 93.64%, and 0.955,
respectively. The blood loss, operation time and hospitalization time of the breast-conserving
group were significantly lower than those of the modified radical treatment group, and the
difference was statistically significant (P < 0.05). After 3 mo of observation, the breast cosmetic
effect of the breast-conserving group was better than that of the modified radical group, and the
difference was statistically significant (P < 0.05). Before surgery, the quality-of-life scores of the
breast-conserving and modified radical mastectomy groups did not differ (P > 0.05). Three months
after surgery, the quality-of-life scores in both groups were higher than those before surgery (P <
0.05), and the quality-of-life score of the breast-conserving group was higher than that of the
modified radical group (P < 0.05). In the observation of tumor recurrence rate two years after the
operation, four patients in the breast-conserving group and one in the modified radical treatment
group had a postoperative recurrence. There was no significant difference in the recurrence rate
between the two groups (y* = 0.668, P = 0.414 > 0.05).

CONCLUSION

MRI combined with DBT in diagnosing early breast cancer can significantly improve the
diagnostic efficacy compared with the two alone. Breast-conserving surgery leads to better
cosmetic breast effects and reduces the impact of surgery on postoperative quality of life.

Key Words: Breast cancer; Magnetic resonance; Digital mammography; Clinical value; Arc incision; Breast-
conserving surgery; Digital breast tomosynthesis

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This study analyzed the diagnostic method, compared the efficacy of magnetic resonance
imaging combined with digital breast tomosynthesis in diagnosing breast cancer in the Shanxi Province,
China, and analyzed the advantages of breast-conserving surgery over modified radical mastectomy. The
purpose was to select the best diagnostic method and surgical plan for breast cancer to improve the
diagnostic accuracy and patients’ quality of life.

Citation: Ren Y, Zhang J, Zhang JD, Xu JZ. Efficacy of digital breast tomosynthesis combined with magnetic
resonance imaging in the diagnosis of early breast cancer. World J Clin Cases 2022; 10(28): 10042-10052
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INTRODUCTION

Breast X-ray examination, such as digital breast tomosynthesis (DBT), is a commonly used method in
clinical practice. It is easy to operate, safe and non-invasive, and has advantages in detecting microcalci-
fications. However, it is prone to failure due to the overlapping effects of gland and pathological tissue
[1]. Breast magnetic resonance imaging (MRI) has a high soft-tissue resolution, does not expose patients
to radiation, and has a high sensitivity to breast cancer. However, it has low specificity for breast cancer
and a high false-positive rate. Presently, there are few reports on the combined application of these two
methods in clinical practice[2]. Surgical treatment is the preferred method for the clinical treatment of
breast cancer. Traditional modified radical mastectomy causes great trauma to patients. Breast-
conserving surgery can narrow the scope of surgery and reduce physical trauma, especially if the
postoperative cosmetic effect is better. However, the clinical application of arc incision breast-
conserving surgery is relatively rare[3,4]. This study analyzed the clinical value of MRI combined with
DBT in diagnosing early breast cancer and observed the effect of breast-conserving surgery with a small
incision to provide a basis for clinical practice.
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MATERIALS AND METHODS

Inclusion and exclusion criteria
Participants for this study were selected after presenting at the Changzhi Peoples' Hospital of Shanxi
Province or Shanxi Dayi Hospital, China, from May 2019 to September 2020. The inclusion criteria were
as follows: (1) Patients aged 18-55 years; (2) Patients with breast cancer or with benign breast tumors, as
confirmed by pathological examination; (3) Tumor pathological stage I or II; (4) Patients at the first
examination without a history of radiotherapy and chemotherapy; and (5) The interval between DBT
and MRI should not have exceeded one week. The exclusion criteria were as follows: (1) Lack of data; (2)
Patients with no normal understanding and communication skills; (3) Patients with severe systemic
infectious diseases; and (4) Patients with related surgical contraindications.

Research tenders and related materials shall be implemented after submission to the Medical Ethics
Committee for research approval [House (Lun) lot 16].

DBT and MRI examinations

DBT was performed using German Siemens MAMMOMAT Inspiration Digital Mammography. The
automatic exposure mode was selected. Full-Field Digital Mammography imaging was performed first,
and then DBT imaging was performed on the affected side. The X-ray tube was rotated around the
breast at a scanning angle of 50° and a range of +25° to -25°. Each rotation was by 2°, and low-dose
exposure was performed once, with a total of 25 exposures. A low-dose 2D image was obtained. The
original image was reconstructed with a thickness of 1 mm in the direction parallel to the detector to
obtain the 3D breast tomography image. The inspection positions included the bilateral craniocaudal
and mediolateral oblique. Physicians performing diagnostic imaging followed the recommendations for
breast imaging, taking into consideration the patient history and palpation findings.

MRI examinations were conducted using a Siemens Avanto 1.5T superconducting MRI instrument,
and a breast phased array coil was used.

The conventional MRI scanning conditions are provided below. Transverse T2_tirm sequences were
as follows: TR/TE 4600 ms/59 ms, field of view (FOV) 34 cm x 34 cm, slice thickness/layer spacing 4
mm/0.8 mm, matrix 224 x 320; the transverse T1_fI3d sequence was as follows: TR/TE 8.6 ms/4.7 ms,
FOV 34 cm x 34 cm, slice thickness/slice spacing 1.2 mm/0.24 mm, matrix 276 x 384; the transverse
DWI ep2d_diff sequence was as follows: TR/TE 9500 ms/133 ms, FOV 34 cm x 34 cm, slice
thickness/layer spacing 4 mm/0.8 mm, matrix 132 x 148, b value 0 and 800 s/ mm?

The T1_fI3d axial dynamic enhanced scans were performed according to the following parameters:
TR/TE 4.6 ms/1.7 ms, FOV 36 cm % 36 cm, slice thickness 2 mm, matrix 326 X 38. The scans were run
once before injection of contrast agent and repeated seven times after injection of contrast agent after 30
s. The contrast agent was Gd-DTPA, the injection dose was 0.2 mL/kg, and the speed of injection was 2
mL/s.

Surgical methods

Small incision breast-conserving group: The use of breast and axillary double incision, according to the
location of the tumor, and breast size, to focus on the choice of arc or radiation small incision (about 5
cm length) into the glandular layer after touching the mass, along with the mass and its surrounding
visible under the naked eye 1-2 cm normal tissue block resection. The mammary glands around the
residual cavity were dissociated from the surface of the pectoralis major muscle to fill the residual cavity
or reduce the residual cavity to reshape the breast shape. The sutures in different directions of the
specimen were marked, and the internal, external, upper, lower, basal, and surface edges were cut from
the inner wall of the residual cavity. A rapid pathological examination of frozen tissue was performed to
ensure that all the cut edges were negative. Extended resection was done if cut edges were positive,
though it was not carried out more than twice. Modified radical resection was performed if the
dissected edge was still positive after two cycles.

Modified radical mastectomy group: Auchincloss modified radical mastectomy with preservation of
the pectoralis major and minor muscles was adopted. Sentinel lymph node biopsy or axillary lymph
node dissection was performed according to the preoperative imaging examination or pathological
results of axillary lymph node punctures.

RESULTS

Comparability analysis of breast cancer group and benign group

Of 110 patients in the breast cancer group were aged from 27 to 55 years old, with an average age of 37.8
+ 7.3 years old; body mass index (BMI) ranged from 21.6 to 25.7 kg/m? with an average BMI of 23.6 +
1.9 kg/m? Distribution of affected side: Left 59 cases, right 51 cases. Of 110 patients in the benign group
were aged from 24 to 55 years old, with an average age of 39.0 £ 8.6 years old; BMI ranged from 22.0 to
25.9 kg/m? with an average of 23.9 £ 2.3 kg/m? Distribution of affected side: 52 cases on the left and 58
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cases on the right. The age, BMI and ipsilateral distribution were compared between the two groups,
and the difference was not statistically significant (P > 0.05).

Pathological results of breast cancer group and benign group

Among the 110 patients with breast cancer, 66 cases (60.00%) were invasive ductal carcinoma and 22
cases (20.00%) were ductal carcinoma in situ. Among the 110 patients with benign breast tumors, 55
cases (50.00%) were breast fibroma and 27 cases (24.55% were breast adenosis (Table 1).

The value of MRI and DBT in differential diagnosis of breast benign and malignant diseases

With pathological results as the gold standard, four tables were drawn respectively, and the sensitivity,
specificity and the area under the curve (AUC) of DBT in the differential diagnosis of benign and
malignant breast tumors were 73.64%, 84.55% and 0.791, respectively. The sensitivity, specificity and
AUC of MRI in the differential diagnosis of benign and malignant breast tumors were 84.55%, 85.45%
and 0.850, respectively. The sensitivity, specificity and AUC of DBT combined with MRI in differential
diagnosis of benign and malignant breast tumors were 97.27%, 93.64% and 0.955, respectively (Tables 2
and 3, Figures 1 and 2).

Comparison of general data between the breast-conserving group and the modified radical treatment
group

The age, BMI, ipsilateral distribution, lesion diameter and pathological type between the breast-
conserving group and the modified radical treatment group, and the difference was not statistically
significant (P > 0.05) (Table 4).

Comparison of perioperative indexes between the breast-conserving group and the modified radical

treatment group

The amount of bleeding, operation time and hospitalization time in the breast conserving group were
significantly lower than those in the modified radical group, and the difference was not statistically
significant (P < 0.05) (Table 5).

Comparison of postoperative cosmetic effects between breast-conserving group and modified

radical treatment group
Three months after operation, the cosmetic effect of breast-conserving group was better than that of

modified radical mastectomy group, and the difference was not statistically significant (P < 0.05)
(Table 6 and Figure 3).

Comparison of quality of life between the breast-conserving group and modified radical treatment
group

Before operation, the quality of life scores of the breast-conserving group and the modified radical
treatment group were compared, and the difference was not statistically significant (P > 0.05). Three
months after the operation, the quality of life scores in both groups were significantly higher than before
the operation (P < 0.05). The quality of life score of the breast-conserving group was higher than that of
the modified radical group (P < 0.05) (Table 7 and Figure 4). In the observation of tumor recurrence rate
two years after the operation, four patients in the breast-conserving group and one in the modified
radical treatment group had a postoperative recurrence. There was no significant difference in the
recurrence rate between the two groups (x> = 0.668, P = 0.414 > 0.05).

DISCUSSION

The incidence of breast cancer has increased annually in recent years. Presently, there are 1.67 million
newly diagnosed breast cancer patients worldwide yearly. Although breast cancer treatment tends to be
comprehensive, including surgery, radiotherapy, chemotherapy, targeting, and endocrine therapy,
surgical treatment is still the most important treatment method[3,4]. In recent years, studies have found
that the clinical symptoms of breast cancer are not obvious, and many cancers are highly concealed, and
are prone to spreading and metastasis. Therefore, early detection and diagnosis of lesions through
imaging examination technology are key to reducing mortality and improving prognosis and recovery
[5,6].

Imaging examinations play a critical role in the early detection and diagnosis of breast cancer. The
commonly used methods in clinical practice include breast radiography (which can be on film, by one-
dimensional digital imaging or DBT) and MRI. DBT reduces or eliminates the influence of the fibrous
breast gland and pathological tissue that overlap during the imaging process by obtaining three-
dimensional tomographic images and enhancing the visibility of the lesion[7]. In patients with breast
cancer, DBT can be performed by analyzing the degree of irregularity of the tumor and its lobulation.
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Table 1 Pathological results of breast cancer group and benign group

Pathological results No. of cases Composition ratio (%)

Breast cancer patient 110 100.00

Invasive ductal carcinoma 66 60.00

Ductal carcinoma in situ 22 20.00

Lobular carcinoma in situ 13 11.82

Other types 9 8.18

Patients with benign breast tumors 110 100.00

Breast fibroma 55 50.00

Breast disease 27 24.55

Cystic hyperplasia of breast 14 12.73

Granulomatous lobular mastitis 8 7.27

Other types 6 5.45

DBT Malignant Benign Total

Pathology Malignant 81 29 110
Benign 17 93 110

Total 98 122 220

MRI

Pathology Malignant 93 17 110
Benign 16 94 110

Total 109 111 220

MRI + DBT

Pathology Malignant 107 3 110
Benign 7 103 110

Total 114 106 220

MRI: Magnetic resonance imaging; DBT: Digital breast tomosynthesis.

Table 3 The value of magnetic resonance imaging and digital breast tomosynthesis in differential diagnosis of breast benign and

malignant diseases

Inspection method Sensitivity Specificity Missed diagnosis rate Misdiagnosis rate AUC
DBT 73.64% 84.55% 26.36% 15.45% 0.791
MRI 84.55% 85.45% 15.45% 14.55% 0.850
DBT + MRI 97.27% 93.64% 2.73% 6.36% 0.955

MRI: Magnetic resonance imaging; DBT: Digital breast tomosynthesis; AUC: Area under the curve.

The burr sign can be seen on tumor edges, calcification is most common, and the breast is limited and
has a dense asymmetric shadow[8]. MRI has a high soft-tissue resolution and is obtained by multi-angle,
multi-plane, multi-sequence, and multi-parameter imaging. It is less affected by the density of the breast
gland; thus, it plays an important role in the differential diagnosis of breast cancer[9].

It was found that the specificity and accuracy of the diagnosis of benign and malignant breast lesions
are not high when the conventional plain scan sequence of breast MRI is used alone in the clinic, and
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Table 4 Comparison of general data between the breast-conserving group and the modified radical treatment group

Group Breast-conserving group  Modified radical cure group ~ tly* P value
n 69 41
Age (yr) 37171 39.2+6.8 -1.523  0.131
BMI (kg/m?) 239+19 232417 1.941  0.055
Affected side distribution, 1 (%) Left side 34 (49.28) 25 (60.98) 1416 0.243
Right side 35 (50.72) 16 (39.02)
Lesion diameter (cm) 2.18 £ 0.68 2.34+0.70 -1.18 024
Pathology type Invasive ductal carcinoma 43 (62.32) 23 (56.1) 2171  0.538
Ductal carcinoma in situ 15 (21.74) 7 (17.07)
Lobular carcinoma in situ 6 (8.70) 7 (17.07)
Other types 5(7.25) 4 (9.76)

BMI: Body mass index.

Table 5 Comparison of perioperative indexes between the breast-conserving group and the modified radical treatment group (mean *

SD)

Group n Surgical bleeding (mL) Operation time (min) Hospital stay (d)
Breast-conserving group 69 66.2+15.8 1438 £24.1 95+22

Modified radical cure group 41 106.7 £19.6 185.5+28.0 13.7+28

t -11.869 -8.256 -8.731

P value 0.000 0.000 0.000

Table 6 Comparison of postoperative cosmetic effects between breast-conserving group and modified radical treatment group, n (%)

Group n Excellent Good Error
Breast-conserving group 69 58 (84.06) 11 (15.94) 0 (0.00)
Modified radical cure group 41 8 (19.51) 22 (53.66) 11 (26.83)
Z -6.921

P value 0.000

Table 7 Comparison of quality of life between breast-conserving group and modified radical treatment group (mean * SD)

Group n Preoperative 3 mo after surgery t P value
Breast-conserving group 69 81.03 £ 6.82 75.46 +8.14 3.850 0.000
Modified radical cure group 41 83.26+7.24 70.04 £ 8.65 8.604 0.000

t -1.621 3.299

P value 0.108 0.001

MRI is prone to missed diagnoses and misdiagnoses[10]. Traditional breast X-ray photography
generates two-dimensional images, which mask burrs and lobulations and other diagnostic signs or
display false images of malignant lesions, thus increasing false negative and false positive rates[11-13].
In our study, pathological results were used as the gold standard. The sensitivity and specificity of DBT
combined with MRI in the differential diagnosis of benign and malignant breast tumors were 97.27%
and 93.64%, respectively, which were higher than those of the single examination methods, suggesting
that DBT combined with MRI in the differential diagnosis of benign and malignant breast tumors has
higher clinical diagnostic value. DBT has been found to be of great significance for breast BI-RADS
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Figure 1 Receiver operating characteristic curve of magnetic resonance imaging and digital breast tomosynthesis differential diagnosis
of breast benign and malignant diseases. MRI: Magnetic resonance imaging; DBT: Digital breast tomosynthesis.
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Figure 2 Digital breast tomosynthesis and magnetic resonance imaging examination. A and B: Images of digital breast tomosynthesis examination.
Irregular lumps in the upper quadrant of the left breast and burr signs can be seen on the periphery (red arrows); C and D: Magnetic resonance imaging examination
images of the same patient. The irregular lumps on the left breast show obvious postoperative disease (red arrows). It was confirmed by physiology as stage II
invasive ductal carcinoma.
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classification, improving the consistency between BI-RADS classification results and pathological
diagnosis results of diagnostic doctors in the Department of Radiology. However, the combination of
the two imaging methods, due to overlapping signs of benign and malignant breast lesions or different
sensitivity to calcification, can further improve the clinical diagnostic efficiency, which is consistent with
the results of our study[14-16].

With the growing aesthetic requirements of the population, the current principle of breast cancer
surgery is to take into account the postoperative patients” breast cosmetic effects while guaranteeing
complete tumor resection. Traditional radical mastectomy for breast cancer causes serious bodily
trauma, affecting the beauty of women’s breasts. At the same time, the lack of female characteristics
after surgery is also a blow to the patient’s spirit, affecting their quality of life, and physical and mental
health[17-19]. In our study, breast-conserving surgery with a small incision was performed. The amount
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Figure 3 The postoperative appearance of patients undergoing small incision breast-conserving surgery and modified radical surgery. A:
The postoperative appearance of patients undergoing small incision breast-conserving surgery; B: The postoperative appearance of modified radical surgery.
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Figure 4 Comparison of the quality of life scores between the breast-conserving group and the modified radical treatment group. 2P < 0.05.

of bleeding, operation and hospitalization time in the breast-conserving group were significantly lower
than those in the modified radical mastectomy group. Small incision breast-conserving surgery leads to
a better appearance, less trauma, and shorter operation time[20,21].

This study also found that the breast cosmetic effect of the breast-conserving surgery group was
better than that of the modified radical mastectomy group 3 mo after the operation. There was no
difference in tumor recurrence rate between the two groups 2 years after the operation, suggesting that
breast-conserving surgery has a better cosmetic effect in the treatment of patients with breast cancer and
does not increase the recurrence rate. Moreover, breast-conserving surgery effectively filled the defects
of breast tissue and closed the residual cavity of surgery through the application of gland flap transfer
technology or autologous tissue replacement technology in breast-conserving surgery, which improved
the cosmetic effect[22]. This study also found that, three months after surgery, the quality-of-life scores
of the two groups of patients were significantly higher than those before surgery. Moreover, the quality-
of-life score of the breast-conserving group was higher than that of the modified radical group. Through
the implementation of breast-conserving surgery, the breast can be retained as a symbol of physical
beauty, which reduces the patient's physical and psychological trauma and sense of embarrassment.
Consequently, it improves postoperative work and social conditions, among others[23,24].

This study showed that DBT combined with MRI had better diagnostic efficacy in the differential
diagnosis of benign and malignant breast tumors, providing a better diagnostic method for early clinical
detection, early diagnosis, and timely and appropriate treatment of breast cancer. The combined use of
the two diagnostic methods reduces missed clinical diagnoses and misdiagnoses and has greater
development potential. Additionally, the advantages of breast-conserving surgery were experimentally
confirmed, especially regarding the improvement of women's postoperative quality of life and cosmetic
effect, which is more in line with the aesthetic requirements of modern women, while also providing a
basis for clinical summaries of breast-conserving surgery. However, our study has certain limitations.
The sample size in our study was not large, and the determinants of postoperative breast cosmetic
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effects included many aspects. Likewise, it was impossible to evaluate the long-term effects of surgery
on patients in this study, and further prospective, multi-center, large-scale research and demonstration
analysis are needed.

CONCLUSION

In summary, MRI combined with DBT can significantly improve the diagnostic efficiency of early breast
cancer compared with the two alone; patients with early breast cancer with breast-conserving surgery
can better achieve breast cosmetic effects and reduce the impact of surgery on postoperative quality of
life.

ARTICLE HIGHLIGHTS

Research background

The incidence of breast cancer has increased annually in recent years. Presently, there are 1.67 million
newly diagnosed breast cancer patients worldwide yearly. Although breast cancer treatment tends to be
comprehensive, including surgery, radiotherapy, chemotherapy, targeting, and endocrine therapy,
surgical treatment is still the most important treatment method.

Research motivation

In recent years, studies have found that the clinical symptoms of breast cancer are not obvious, and
many cancers are highly concealed, and are prone to spreading and metastasis. Therefore, early
detection and diagnosis of lesions through imaging examination technology are key to reducing
mortality and improving prognosis and recovery.

Research objectives
The purpose was to select the best diagnostic method and surgical plan for breast cancer to improve the
diagnostic accuracy and patients” quality of life.

Research methods

We analyzed the value of digital breast tomosynthesis (DBT) combined with magnetic resonance
imaging (MRI) in the differential diagnosis of benign and malignant breast tumors, and compared the
blood loss, operation time, hospitalization time, breast cosmetic effect, and quality of life between small
incision breast-conserving surgery and modified radical mastectomy.

Research results

The combined use of the two diagnostic methods has advantages of reducing clinical missed diagnosis
and misdiagnosis, and have more clinical value and greater development potential. By this study, we
have confirmed the advantages of breast-conserving surgery, which had lower blood loss, lower
operation time, lower hospital stay time, higher quality of life scores and better breast cosmetic effects.

Research conclusions
In early breast cancer, MRI combined with DBT can significantly improve the diagnostic performance
compared with the two alone. Compared with modified radical surgery, breast-conserving surgery in

patients with early breast cancer can achieve better breast cosmetic effect and postoperative quality of
life.

Research perspectives
We believe that the clinical value of early breast cancer using MRI combined with DBT is higher, and
breast-conserving surgery with small incision is more effective.
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