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Abstract

BACKGROUND

A positive resection margin is a major risk factor for local breast cancer recurrence
after breast-conserving surgery (BCS). Preoperative imaging examinations are
frequently employed to assess the surgical margin.

AIM

To investigate the role and value of preoperative imaging examinations [magnetic
resonance imaging (MRI), molybdenum target, and ultrasound] in evaluating
margins for BCS.

METHODS

A retrospective study was conducted on 323 breast cancer patients who met the
criteria for BCS and consented to the procedure from January 2014 to July 2021.
The study gathered preoperative imaging data (MRI, ultrasound, and
molybdenum target examination) and intraoperative and postoperative
pathological information. Based on their BCS outcomes, patients were categorized
into positive and negative margin groups. Subsequently, the patients were
randomly split into a training set (226 patients, approximately 70%) and a
validation set (97 patients, approximately 30%). The imaging and pathological
information was analyzed and summarized using R software. Non-conditional
logistic regression and LASSO regression were conducted in the validation set to
identify factors that might influence the failure of BCS. A column chart was
generated and applied to the validation set to examine the relationship between
pathological margin range and prognosis. This study aims to identify the risk
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factors associated with failure in BCS.

RESULTS

The multivariate non-conditional logistic regression analysis demonstrated that various factors raise the risk of
positive margins following BCS. These factors comprise non-mass enhancement (NME) on dynamic contrast-
enhanced MRI, multiple focal vascular signs around the lesion on MRI, tumor size exceeding 2 cm, type III time-
signal intensity curve, indistinct margins on molybdenum target examination, unclear margins on ultrasound
examination, and estrogen receptor (ER) positivity in immunohistochemistry. LASSO regression was additionally
employed in this study to identify four predictive factors for the model: ER, molybdenum target tumor type (MT
Xmd Shape), maximum intensity projection imaging feature, and lesion type on MRI. The model constructed with
these predictive factors exhibited strong consistency with the real-world scenario in both the training set and
validation set. Particularly, the outcomes of the column chart model accurately predicted the likelihood of positive
margins in BCS.

CONCLUSION

The proposed column chart model effectively predicts the success of BCS for breast cancer. The model utilizes
preoperative ultrasound, molybdenum target, MRI, and core needle biopsy pathology evaluation results, all of
which align with the real-world scenario. Hence, our model can offer dependable guidance for clinical decision-
making concerning BCS.

Key Words: Breast cancer; Breast-conserving surgery; Imaging features; Positive surgical margin; Regression analysis model
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Core Tip: This retrospective study analyzed ultrasound, mammography, magnetic resonance imaging (MRI), and biopsy data
from enrolled patients and developed a nomogram model to forecast the success of breast-conserving surgery (BCS). This
study revealed that estrogen receptor-positive status, mammography tumor type, maximum intensity projection imaging
feature, and MRI tumor type were four variables capable of predicting negative margins and influencing the outcome of
BCS. The results underwent internal validation and were additionally corroborated via calibration curves, indicating a robust
correlation between predicted and actual surgical success rates. Overall, this study offers valuable data for assessing the
success of BCS in the preoperative phase.
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INTRODUCTION

Breast cancer is the most common malignancy and the leading cause of mortality among women[1]. Although numerous
prospective clinical studies have shown no statistically significant disparities in overall survival and disease-free survival
between breast-conserving surgery (BCS) plus whole-breast radiation therapy and mastectomy for early breast cancer
patients, BCS has emerged as the favored surgical approach for early-stage breast cancer[2-4]. Nonetheless, the influence
of margin status on postoperative recurrence following BCS remains contentious, as the majority of studies indicate a
heightened local recurrence rate in instances with positive margins[5]. Re-excision rates attributable to positive margins
following BCS for early breast cancer are considerable, ranging from 10% to 50%, with an average of approximately 20%
[6,7]. Consequently, preoperative patient assessment to identify risk factors for postoperative positive margins proves
advantageous in circumventing subsequent surgeries.

Currently, a standardized approach to assessing positive margins is lacking. Notably, even when deemed negative by
experienced physicians, there exists a minimum local recurrence rate of 10%, primarily in proximity to the surgical site[8,
9]. Therefore, it is imperative to investigate methods of achieving a negative margin and mitigating the risk of recurrence
through preoperative evaluation.

This study aims to analyze the clinical and pathological data and follow-up information of breast cancer patients who
received BCS treatment at the Thyroid and Breast Disease Diagnosis and Treatment Center of Xuanwu Hospital, Capital
Medical University. The study seeks to investigate the association between preoperative breast magnetic resonance
imaging, ultrasound, mammography examinations, and imaging information, along with intraoperative and
postoperative pathological data. The objective is to enhance the accuracy of preoperative assessment for BCS margins,
augment the success rate of the procedure, and uphold a desirable cosmetic outcome.
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MATERIALS AND METHODS

Inclusion and grouping of study subjects

This retrospective analysis aimed to assess the correlation between preoperative breast imaging modalities [magnetic
resonance imaging (MRI), ultrasound, and mammography] and intraoperative and postoperative pathological data to
enhance the precision of preoperative assessment for BCS margins and increase the success rate of the procedure. The
study included patients diagnosed with breast cancer through core needle biopsy, who were admitted to the Thyroid and
Breast Disease Diagnosis and Treatment Center of Xuanwu Hospital, Capital Medical University, between January 2014
and July 2021. These patients fulfilled the criteria for BCS outlined in the "Clinical Practice Guidelines for High-
Resolution Breast PET, 2019 edition" in China and opted for BCS[10]. All patients signed the informed consent for
surgery, and with the approval of the Medical Ethics Committee of Xuanwu Hospital, Capital Medical University, we
collected the general information of patients, including breast MRI, breast ultrasound, breast mammography, the status of
frozen pathology margins during BCS, intraoperative frozen pathology, postoperative paraffin pathology, clinical
staging, and other information.

The inclusion criteria encompassed patients who received a breast cancer diagnosis through core needle biopsy,
underwent high-resolution breast ultrasound evaluation for suspicious breast nodules and axillary lymph node status
assessment prior to surgery, fulfilled the BCS criteria outlined in the "Breast Cancer Diagnosis and Treatment Guidelines
(2013 edition)" in China, opted for BCS, and possessed comprehensive preoperative breast MRI, mammography, and
ultrasound examination data, alongside complete postoperative pathological records. Please refer to Table 1 for detailed
patient information. We excluded patients with collagen vascular diseases, systemic lupus erythematosus, and other
relevant medical conditions, individuals with small affected breasts (volume < 200 mL) that may compromise favorable
cosmetic outcomes following BCS, those with multiple axillary lymph node metastases, individuals with history of breast
or chest wall radiation therapy on the affected side, patients with incomplete postoperative pathological records, and
individuals who received preoperative evaluations in other hospitals and lacked the preoperative MRI, ultrasound, and
mammography results from our institution.

MRI examination methods and image analysis

A dedicated 4-channel breast coil was used with the Vefa 3.0T MRI scanner (Siemens, Germany). The patient was
positioned prone with the head first, allowing both breasts to be naturally suspended within the coil aperture for
scanning. All sequences were axial with a 4mm slice thickness. The remaining parameters are as follows: T2-weighted
imaging utilized a fast spin echo sequence with frequency selective fat suppression (FOV = 340 mm, TR = 3650 ms, TE =
61 ms, matrix = 314 x 320, bandwidth = 319 Hz). T1-weighted imaging employed a gradient echo sequence utilized a fast
spin echo sequence with frequency selective fat suppression (FOV = 340 mm, TR = 3650 ms, TE = 61 ms, matrix = 314 x
320, bandwidth = 319 Hz). Diffusion-weighted imaging employed a spin echo-echo planar imaging sequence (FOV = 340
mm, TR = 9700 ms, TE = 68 ms, matrix = 64 x 132, bandwidth = 2104 Hz) with diffusion coefficients of b-values 400s/ mm?
and 800s/mm?. Dynamic contrast-enhanced imaging harnessed a three-dimensional volume interpolation method (FOV
=360 mm, TR = 4.67 ms, TE = 1.66 ms, matrix = 296 x 384, slice thickness = 1.2 mm, bandwidth = 320 Hz, scan time = 59 s)
with a total of 6 phases and a cumulative time of 5 min 54 s. Mean-Curve software was applied for image processing after
the scan. Two radiologists collaboratively reviewed and analyzed the number, morphology, size, edge characteristics, and
location of the lesions on plain and enhanced images. They also assessed the enhancement characteristics, surrounding
tissue enhancement, and vascular features surrounding the lesions.

The MRI examination was based on the Breast Imaging Reporting and Data System-MRI (BI-RADS MRI) in accordance
with the fifth edition of the Magnetic Resonance Imaging Breast Imaging Reporting and Data System (2013)[11]. The main
lesion morphology was classified as mass or non-mass enhancement (NME), with attention given to the presence or
absence of other lesions in the vicinity of the mass. Additionally, the mass lesion was characterized by its shape (irregular
or oval), margin (well-circumscribed, spiculated, indistinct, or lobulated), enhancement pattern (rim enhancement,
homogeneous enhancement, or heterogeneous enhancement), and time-intensity curve (type I, type I, or type III). The
maximum diameter of the main lesion (MRImd) was recorded as well. In the maximal intensity projection (MIP) image,
the vascular features around the lesion were classified as bilateral no enhancement, bilateral symmetric enhancement,
unilateral linear enhancement, or unilateral multifocal enhancement, as shown in Figure 1.

Ultrasound examination method and image analysis

The ultrasound examination was performed using the Philip IU 22 diagnostic instrument with a probe frequency of 7-10
MHz, set to breast conditions, and a depth of 3.5-5.0 cm. The patient was placed in a supine position with the arms raised
to fully expose the breast and axilla. Two scanning methods were employed: (1) Radially scanning outward from the
nipple in clockwise or counterclockwise order; and (2) scanning each section in a cross-sectional and longitudinal manner,
moving from top to bottom and left to right. The scanning areas overlapped and encompassed the nipple and the tail of
the axillary gland. The examination of axillary lymph nodes involved orderly multi-sectional examinations conducted
along the long and short axes of the axilla. The diagnostic information acquired from the examination encompassed the
location, shape, boundary, edge, internal and posterior echoes, presence of calcification, and changes in surrounding
tissues. Lastly, the lesions were categorized and documented according to the number of lesions detected by breast
ultrasonography (single or multiple), the edge characteristics of the lesion (clear, unclear, spiculated, or with a pseudo-
podium), and the maximum diameter of the main lesion measured by ultrasound (USmd).
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Table 1 Patient basic information

Training group Validation group
Imaging/pathological features
M+ group (n = 40) M- group (n = 186) M+ group (n=17) M- group (n = 80)
Age 56.15 + 13.54 59.01 +10.38 65.87+9 31 55.98 +10.63
Group, 1 (%)
BCS 19 (47.5) 185 (99.5) 8 (47.1) 78 (97.5)
Non-BCS 21 (52.5) 1(0.5) 9 (52.9) 2(2.5)
Molecular subtypes, 1 (%)
Luminal A 9 (22.5) 64 (34.4) 1(6.7) 31 (38.8)
Luminal B_ Her2(-) 16 (40.0) 70 (37.6) 8 (47.1) 33 (41.3)
Luminal B_ Her2(+) 5 (12.5) 29 (15.6) 5 (29.4) 9 (11.3)
HER2_ enriched 6 (15.0) 6(3.2) 2(11.8) 4 (5.0)
TNBC 4(10.0) 17 (9.1) 0(0.0) 3(3.8)
Tumor size 2.5 (1.1-6.0) 2,08 (0.50-5.40) 227 (1.3-5.0) 1.95 (0.80-6.70)

All cases were randomly divided into a training group (226 cases, 69.97%) and a validation group (97 cases, 30.03%). Patients with positive margins in each
group belonged to the M+ group, while those with negative margins belonged to the M- group. BCS: Breast-conserving surgery.

Main lesion Other peripheral Mass lesion Edge state of Enhancement characteristics
morphology lesions morphology Mass lesions of Mass lesions TIT MRImd
i —0 — — —®
Mass Mass & absent Irregular Clear Edge enhancement Inflow type |
NME Mass & present Round-like SSZLJZI?,ted Ei,:?o?r:h;?::g:s:;ing gljgzr\;/nty%‘:eelllll

Spiculated  Uneven enhancement

Imageological

‘ N~ examination
Vascular signs around the lesion
Grouping and categorizing MIP .
2} reast cancer
Bilateral none
Bilateral symmetry
Only the affected side line
Multiple punctures only on affected side

DOI: 10.12998/wjcc.v11.i20.4852 Copyright ©The Author(s) 2023.

Figure 1 Detailed definition of different feature indicators in magnetic resonance imaging and maximal intensity projection. The patient's
magnetic resonance imaging data were classified based on different sub-features, and the patients were grouped and statistically analyzed. MIP: Maximal intensity
projection; MRI: Magnetic resonance imaging; NME: Non-mass enhancement.

Mammography examination method and image analysis

The mammography examination utilized a full digital breast DR system (Mmmomat Novation DR, Siemens, Germany)
with automatic exposure. The system had a detector size of 35cm x 52 cm x 11 cm and an imaging area size of 24 cm X 29
cm. The maximum image matrix was 3328 x 4096 pixels with a pixel depth of 14-bit. The radiologist assessed the location,
shape, size, boundary, and presence of calcification in the lesions during the examination. The lesions were classified
based on their shape (mass, irregular density increase, high-density nodular shadow, or no sign) and edge characteristics
(blurry, clear, or spiculate). Furthermore, the maximum diameter of the lesion under the molybdenum target (MT-Xmd)
was documented.

BCS

Preoperatively, the location and extent of the breast mass were determined based on imaging data obtained from breast
ultrasonography, X-ray, or MRI. Neoadjuvant therapy patients had the tumor edge marked with blue dye prior to
treatment. A curved incision was made in the upper quadrant and a radial incision in the lower quadrant of the breast.
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The skin flap was separated, and the tumor, along with the surrounding breast gland tissue, was excised with a margin of
>1 cm along the palpation boundary. The fascia of the pectoralis major was excised as well. Subsequently, the remaining
glandular tissue was reconstructed and modified to facilitate tumor closure. The resected specimen was marked in six
directions (upper, lower, inner, outer, surface, and base) for pathological examination using frozen sections.

Pathological examination

The resected specimens were processed in a specific order for edge evaluation through frozen sections to comply with the
standards set by the American Pathological Association. Afterward, the specimens were fixed, dehydrated, and
embedded in paraffin before being sectioned and stained with hematoxylin and eosin (HE) according to the standard
paraffin sectioning procedure. These steps were implemented to ensure a comprehensive examination of the specimens.

Follow-up
For continuous monitoring of the patient's condition, a combination of telephone and mail follow-ups was employed,
with one follow-up conducted annually. The latest follow-up was conducted in July 2021.

Statistical analysis

Statistical analysis was performed using SPSS 23.0 software and R software (version 4.0.3). The normality of quantitative
data was checked using the Kolmogorov-Smirnov test for single-sample, and for non-normally distributed quantitative
data, the median (M) and quartiles (P25, P75) were adopted. A nonparametric rank sum test was conducted for between-
group comparisons. For normally distributed quantitative data, mean standard deviation was used, and between-group
comparisons were performed using a t-test. Count data were presented as frequency and percentage, and the )? test was
capitalized for between-group comparisons. The significance level was set at o = 0.05.

Single-factor logistic regression analysis was performed to analyze the factors influencing positive surgical margins.
The analysis was conducted using the R software package "stata" (version 4.0.3) and "mass" package (version 7.3-53)[12-
16]. Factors with P < 0.1 were assessed for multicollinearity using the "stata" software package. In cases of multicollin-
earity, LASSO regression screening was performed using the "glmnet" package of R software (version 4.0-2). The optimal
LASSO regression model was constructed by selecting the Lambda () value with the smallest standard error. The
regression factors with non-zero coefficients identified by the LASSO regression model were then included in the
multiple logistic regression model[17].

The R software package "rms" (version 6.1-0) was utilized to assign scores to each value level of the predictive factors
with non-zero regression coefficients screened out by LASSO regression according to the degree of the influence of each
factor on the outcome variable in the regression model, and the individual scores were then summed to obtain a total
score. Finally, a column line chart illustrating the probability of a positive surgical margin predicted by the total score was
generated. The chart was created using the function transformation relationship between the total score and the
probability of a positive surgical margin[18].

The receiver operating characteristic (ROC) curve of the total score predicting positive surgical margin was plotted
using the R software package "pROC" (version 1.16.2). The area under the ROC curve (AUC) was also calculated[19].

RESULTS

Basic information of included patients

The study included a total of 323 female breast cancer patients who met the inclusion and exclusion criteria. The patients
were randomly assigned to either a training group (226 cases, 69.97%) or a validation group (97 cases, 30.03%). The
training group had an age range of 31-80 years, with an average age of 58.51 years, while the validation group had an age
range of 37-81 years, with an average age of 58.33 years. There was no statistically significant difference between the two
groups (see Table 1). Patients were categorized into two groups, namely the margin-positive group (M+) and the margin-
negative group (M-), based on intraoperative frozen section pathology and postoperative pathological results. The
margin-negative group consisted of 266 cases (186 cases in the training group and 80 cases in the control group), while the
margin-positive group comprised 57 cases (40 cases in the training group and 17 cases in the control group). Out of these
cases, 2 cases were initially diagnosed as margin-negative by frozen section pathology but later confirmed as margin-
positive by postoperative pathological examination. Additionally, 12 cases showed positive results in both the first and
second intraoperative frozen section pathology, while 13 cases were negative. Breast conservation surgery was successful
in 290 cases, while 33 cases were considered failures, resulting in a breast conservation success rate of 89.78%.

Comparison of MRI, X-ray mammography, ultrasound, and pathological results of patients

A comprehensive analysis was conducted on the data of 323 patients to evaluate the diagnostic value of various
preoperative data for margin positivity. Risk factor analysis was performed using the chi-square test for inter-group
comparison, and the results are presented in Table 2. The initial focus was on the MRI diagnosis of the training group,
which revealed that differentiating the main lesion shape on dynamic contrast-enhanced breast MRI was not effective in
predicting margin positivity compared to margin-negative patients. Significant differences were observed in various
shapes, including NME, mass, mass with NME, and mass with mass, between the margin-positive and margin-negative
groups. This suggests a lack of characteristic main lesion shapes for differentiation. However, other features, such as the
presence of multiple punctate vascular signs around the lesion, tumor diameter greater than 2 cm, and a type III time
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Table 2 Comparison of clinical and pathological characteristics among different patients

Imaging/pathological

Training group

Validation group

e M+group (n= M- group (n Statistical Pvalue M+ group (n M- group (n Statistical P value
40) =186) value =17) = 80) value
Age 56.154 +13.537  59.008 + 0.063 0.200 65.87+9.31  55.98+10.63 0.08 0.20
10.378
Group
BCS 19 (47.5) 185 (99.5) X’ =66.874 <0.001  8(47.1) 78 (97.5) r=2932 <0.001
Non-BCS 21 (52.5) 1(0.5) 9 (52.9) 2(2.5)
MRI
Lesion type
Mass 15 (37.5) 87 (46.8) Y =42153 <0.001  8(47.1) 54 (67.5) ¥ =12782 <0.001
NME 1(2.5) 11 (5.9) ¥ =19.263 <0.001  0(0) 1(12.5) ¥ =1191 0.275
Mass + NME 8 (20.0) 38 (20.4) ¥ =14719 <0.001  3(17.6) 6 (75.0) ¥ =3525 0.060
Mass + Mass 16 (40.0) 50 (26.9) X =8.847 0.003 6 (35.3) 14 (17.5) =179 0.180
MIP_TRA
Linear 10 (25.0) 76 (40.9) ¥*=0816 0.366 1(5.9) 26 (32.5) ¥ =1575 0.209
Multiple punctate 18 (45.0) 4(22) X =34.67 <0.001  8(47.0) 4(5.0) ¥ =1.166 0.280
Symmetric 5 (12.5) 27 (14.5) ¥ =0.687 0.407 3(5.9) 8 (10.0) > <0.001 1.000
None 7 (17.5) 79 (42.5) X =2.986 0.084 5 (29.4) 42 (52.5) 2 < 0.001 1.000
Enhancement
Heterogeneous 29 (72.5) 146 (78.5) ¥ =0.039 0.843 16 (86.7) 59 (73.8) ¥ = 0554 0.457
Homogeneous 8 (20.0) 29 (15.6) ¥ =0.075 0.784 1(6.7) 17 (21.3) ¥ =0.760 0.383
Rim enhancement 3(7.5) 11 (5.9) ¥ =0.005 0.942 0(6.7) 4(5.0) ¥ <0.001 1.000
Tumor size 2.5 (1.1, 6.0) 2.08 (0.50, 0.099 0.001 2.27 (1.3,5.0) 1.95 (0.80, ¥ =0.751 <0.001
5.40) 6.70)
Time_Intensity_Curve
Type 3(7.5) 29 (15.6) ¥ =1619 0.203 2(11.8) 20 (25.0) 2 < 0.001 1.000
Type IT 7 (17.5) 61 (32.8) ¥ =0.078 0.780 8 (47.1) 25 (31.3) ¥ =0133 0.715
Type III 30 (75.0) 96 (51.6) ¥ =20.197 <0.001 7 (41.2) 35 (43.8) ¥ =0512 0.474
Margin
Clear 3(7.5) 21 (11.29) ¥*<0.001 1.000 2(11.8) 10 (12.5) ¥ =0.025 0.875
Unclear 8 (20.0) 28 (15.05) ¥ =0.028 0.868 5 (29.4) 16 (20.0) ¥ =0.088 0.767
Spiculated 29 (72.5) 137 (73.66) x> =0.089 0.766 10 (58.8) 54 (67.5) 2 <0.001 1.000
Shape
Irregular 30 (75) 111 (59.7) ¥ =0294 0.588 14 (82.4) 53 (66.3) ¥ =7335 0.007
Roundish 5 (12.5) 59 (31.7) ¥+ =0545 0.460 3 (17.6) 19 (23.8) ¥’ =5.058 0.025
Multiple nodules 5 (12.5) 16 (8.6) > <0.001 1.000 0(0.0) 8 (10.0) 2 =0.301 0.583
MT
Tumor shape
High_Density_Nodule 1(2.5) 9 (4.8) > <0.001 1.000 0(0.0) 8 (10.0) ¥ <0.001 1.000
Regular mass 21 (52.5) 113 (60.8) X =3436 0.064 13 (76.5) 46 (57.5) 1 =9529 0.002
Irregular mass 3(7.5) 35 (18.8) = 0.056 0.813 4(235) 13 (16.3) 2 =11.054 0.001
Undetected 15 (37.5) 29 (15.6) X =5.565 0.018 2 (11.8) 13 (16.3) =235 0.628
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Margin
Clear 6 (15.0) 24 (12.9) ¥ =1.108 0.292 3 (17.6) 13 (16.3) ¥ =0.590 0.442
Unclear 10 (25.0) 83 (44.6) x*<0.001 0.993 7 (41.2) 37 (46.3) > <0.001 1.000
Spiculated 9 (22.5) 62 (33.3) ¥ =0436 0.509 5(29.4) 24 (30.0) 2 < 0.001 1.000
Undetected 15 (37.5) 17 (9.14) XY =5565 0.018 2 (11.8) 6 (7.50) ¥ =0235 0.628
Us
Margin
Clear 18 (45.0) 55 (29.6) ¥ =0.604 0.437 3 (17.6) 19 (23.8) ¥ =0117 0.733
Unclear 10 (25.0) 72 (38.7) Y =1.084 0.298 9 (52.9) 40 (50.0) ¥ =0.001 0.977
Spiculated 9(22.5) 59 (31.7) x> =0.09 0.756 5(29.4) 21 (26.3) > =0.009 0.926
Multifocality
Multifocality 10 (25.0) 29 (9.0) ¥ =0383 0.536 4(23.5) 10 (12.5) 2 < 0.001 1.000
Univocality 30 (75.0) 157 (91.0) 13 (76.5) 70 (87.5)
ER
Positive 31(77.5) 163 (87.6) = 4866 0.027 15 (88.2) 71 (88.8) 2= 0301 0.583
Negative 9 (22.5) 23 (12.4) 2 (11.8) 9 (11.3)
PR
Positive 30 (73.1) 145 (78.0) ¥ =0.864 0.353 14 (82.4) 67 (83.8) ¥ =0.295 0.587
Negative 10 (26.9) 41 (22.0) 3 (17.6) 13 (16.3)
Molecular subtypes
Luminal A 9 (22.5) 64 (34.4) ¥+ =0545 0.460 1(6.7) 31 (38.8) ¥ =0.643 0.423
LuminalB_Her2(-) 16 (40.0) 70 (37.6) ¥*=0.152 0.696 8 (47.1) 33 (41.3) ¥ =2363 0.124
LuminalB_Her2(+) 5(12.5) 29 (15.6) ¥ =0410 0.522 5(29.4) 9 (11.3) ¥’ <0.001 1.000
HER2_enriched 6 (15.0) 6(3.2) X =9.549 0.002 2 (11.8) 4(5.0) 2 < 0.001 1.000
TNBC 4 (10.0) 17 (9.1) ¥*=0.008 0.928 0(0.0) 3(3.8) ¥’ =0.089 0.766

BCS: Breast-conserving surgery; MIP: Maximal intensity projection; NME: Non-mass enhancement; MRI: Magnetic resonance imaging; US: Ultrasound;
MT: Molybdenum target examination; ER: Estrogen receptor; PR: Progesterone receptor.

signal intensity curve, aided in predicting margin positivity. Furthermore, other preoperative data, such as invisible
tumors and unclear margin in X-ray mammography, unclear margin in ultrasound examination, and estrogen receptor

(ER) positivity and HER2 amplification in immunohistochemistry, were identified as risk factors for margin positivity
(Table 2).

LASSO regression

LASSO regression was utilized to identify the most influential factors for constructing a predictive model for breast
conservation success. A column line plot predictive model was constructed using four predictive factors: ER status, Mo
Xmd Shape, MIP-TRA, and Lesion Type on MRI, to predict negative margins. The ROC curve of the training group
revealed an AUC value of 0.919 (95%CI: 0.746-0.962) for predicting successful breast conservation. The calibration curve
for internal validation in the training set confirmed the consistency between the actual negative margins and the
predicted results of the column line plot. Figure 2 presents the final predictive model, while Figure 2E and F displays the
ROC curve and calibration curve, respectively.

Subsequently, we validated the column chart model using the patient data harvested from the control group as a
validation set. The ROC curve for the validation set column exhibited an AUC value of 0.701 (95%CI: 0.708-0.733) for
predicting successful breast conservation (Figure 3A). The ROC curve for the column demonstrated an AUC value of
0.785 (95%ClI: 0.679-0.857) for predicting failure in breast conservation (Figure 3B). Notably, the model for predicting
breast conservation failure was not applied separately to the training and validation sets due to the limited number of
cases, particularly in terms of breast conservation failure. The internal validation calibration curve for the validation set
demonstrated the consistency between the actual negative margin and the column chart prediction (Figure 3C). These
findings suggest that the four predictive factors identified through LASSO regression [ER status, molybdenum target
tumor type (MT Xmd Shape), MIP-TRA, and lesion type on MRI] hold substantial predictive value for negative margins
and the probability of successful breast conservation.
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Figure 2 Selected predictive factors and predicted negative margins. A: The "stata" software package determined the presence of multicollinearity
among the factors influencing negative margins; B: The best parameter (A) was selected in the LASSO model, and a vertical dashed line was drawn at the optimal
value. The red dot represents the target variable for each A, and two dashed lines represent special A values; C: From the 12 identified non-zero coefficient
influencing factors, each curve represents the trajectory of one factor's change. The vertical axis is the value of the coefficient, the horizontal axis below is log (A), and
the horizontal axis above is the number of non-zero coefficients in the model at this time; D: Column line chart prediction model for predicting negative margins; E:
Column line receiver operating characteristic curve for predicting negative margins in the training cohort; F: Internal validation calibration curve for the training set.

MIP: Maximal intensity projection; NME: Non-mass enhancement.

DISCUSSION

Numerous clinical studies have demonstrated that increasing the extent of surgical resection does not necessarily
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Figure 3 Validation cohort nomogram prediction model constructed using the predictive factors selected by LASSO regression for
predicting negative surgical margins. A: Nomogram receiver operating characteristic (ROC) curve for predicting successful breast conservation in the
validation cohort; B: Nomogram ROC curve for predicting failed breast conservation (the model for predicting failed breast conservation was not separated by the
training and validation groups due to the small number of cases in the study); C: Internal validation calibration curve in the validation cohort. BCS: Breast-conserving
surgery.

improve patient survival rates. Additionally, surgeries frequently result in postoperative complications that impact the
patient's quality of life. In contrast, BCS entails the removal of the tumor while preserving a significant portion of the
breast tissue, followed by radiotherapy and chemotherapy as cancer treatments. Our approach has demonstrated efficacy
in curing cancer with minimal physical and psychological trauma for women. Consequently, BCS has emerged as the
preferred surgical choice for early-stage breast cancer patients, enabling them to preserve the natural appearance of their
breasts. Available data indicate that young breast cancer patients have shown a preference for BCS in China, making it
the standard surgical treatment for early-stage breast cancer patients[3,20].

Nonetheless, the substantial incidence of local recurrence following BCS poses a major hurdle to its advancement.
Toubou et al[21] performed BCS in 528 cases of stage I and II breast cancer. Among them, 176 cases utilized tamoxifen for
a minimum of 2 years, while 116 cases underwent chemotherapy for at least 6 cycles. These patients exhibited 5-year and
10-year local recurrence rates of 7% and 14 %, respectively. In Holland's study of 129 patients who underwent local tumor
excision with cancer-negative pathological margins, a local recurrence rate of 9.3% on the ipsilateral side of the breast was
observed[22]. Numerous studies have investigated factors associated with local recurrence following BCS, encompassing
patient-related factors, tumor diameter, lymph node metastasis, vascular and nerve involvement, as well as the presence
of preoperative neoadjuvant chemotherapy and histopathological type[23-25]. Among these factors, the surgical
treatment method holds particular significance, especially in cases where the margin pathology indicator is positive
during BCS, as it serves as a pivotal factor indicating the likelihood of local recurrence post-surgery|[26,27].
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To ensure negative surgical margins, a meta-analysis by Houssami et al[28] in 2014 found that "No ink on tumor" can
serve as the best negative margin for BCS, and increasing margin width beyond this point does not reduce the risk of
local recurrence. Consequently, the American Society of Surgical Oncology and the American Society for Radiation
Oncology has established "No ink on tumor" as a safe margin for BCS in patients with invasive breast cancer who
undergo postoperative whole-breast radiation therapy[29]. Regarding ductal carcinoma in situ of the breast, the
guidelines specify that a margin within 2 mm of the surgical incision, devoid of tumors, is deemed negative[30].
Nevertheless, certain research findings indicate the presence of residual tumors even after re-excising margin specimens
measuring less than 2 mm[31,32]. Therefore, enhancing preoperative imaging assessment is crucial to accurately establish
a safe margin range.

Breast ultrasound and mammography are widely employed as diagnostic and screening methods for breast cancer.
Nevertheless, breast ultrasound has limitations in detecting non-mass type breast cancer, resulting in reduced sensitivity
and specificity. Moreover, interpreting ultrasound images is a subjective process that demands a high level of profes-
sional expertise, particularly in cases of multifocal or multicenter breast cancer. Depending solely on ultrasound
examination for preoperative evaluation can lead to missed diagnoses. Conversely, mammography involves compressing
and deforming the breast to acquire a two-dimensional overlapping image of the breast tissue, affecting the glandular
density and potentially masking small lesions within the overlapping images. Previous studies have reported relatively
low sensitivity and accuracy of breast ultrasound and mammography in detecting non-mass type breast cancer. In
addition, the accuracy of routine ultrasound and mammography for diagnosing multifocal or multicenter breast cancer is
low, and the positive margin rate and failure rate of BCS are high. Therefore, improving preoperative imaging assessment
is crucial for accurately determining the extent of the lesion and ensuring negative surgical margins.

Breast MRI offers high-resolution soft tissue imaging and better approximates the natural drooping state of the breast
during examinations, mitigating compression-induced alterations in lesion location and size. MRI examination allows for
detailed observation of lesion morphology, enhancement characteristics, blood supply, as well as the condition of other
areas of the breast. Furthermore, the comprehensive assessment of multiple sequence images can enhance the accuracy of
tumor invasion prediction and ultimately improve the success rate of BCS. Breast MRI exhibits a sensitivity of over 90%
in detecting invasive breast cancer[33-37]. The American College of Radiology has classified the morphology and charac-
teristics of lesions in detail in the BI-RADS MR system[3]. Based on this, the author simplified the classification of lesion
morphology. The study showed that in MRI examinations, the surgical margin positive rate of mass-type lesions with
other lesions present (Mass & present) and non-mass type enhancement lesions (NME) around the lesion was higher than
that of mass-type lesions without other lesions present (Mass & absent), which indicates that BCS may be more suitable
for Mass & absent type breast cancer, and more attention should be given when choosing BCS for patients with the first
two types of breast cancer. Moreover, the presence of multiple nodular signs around the lesion in the MIP image of MRI
is a risk factor for positive surgical margins. Dietzel ef al[38] confirmed that the adjacent vessel sign (AVS) was more
prevalent in malignant lesions than in benign lesions, demonstrating a specificity of 88% and a positive predictive value
of 85%. In addition, compared to invasive ductal carcinoma, AVS was less frequent in situ carcinoma (27% vs 54%),
suggesting a correlation between AVS signs and tumor infiltration into surrounding tissue.

This study identified four predictive factors through LASSO regression: the positive status of ER, the type of tumor
detected by molybdenum target, MIP-TRA, and the type of tumor detected by MRI. These factors hold greater
significance in predicting negative surgical margins. However, ultrasound, tumor size, and margin morphology detected
by molybdenum target examination were not correlated with positive surgical margins. Small breast volume is
additionally linked to positive margins in BCS. Therefore, imaging characteristics far from the lesion are considered a risk
factor for positive margins in BCS.

This study has several limitations as well. Firstly, the retrospective nature of the study raises concerns regarding
potential selection bias and confounding factors. Secondly, the substantial variation in sample size between groups due to
the high success rate of BCS as per current guidelines may impact the generalizability of the findings. Thirdly, the sample
size of some subcategories, such as HER-2 amplification, was relatively small, potentially limiting the statistical power of
the analysis. Therefore, more data is needed to further validate the results. Fourthly, the omission of pathological factors
in the analysis of BCS success may have restricted the comprehensiveness of the study. Lastly, the study had a relatively
small sample size, warranting the need for a larger sample size to assess the accuracy of the model.

CONCLUSION

In this retrospective study, data from enrolled patients, including ultrasound, mammography, MRI, and biopsy results,
were analyzed. A nomogram model was constructed to predict the likelihood of success for BCS. This study identified
ER-positive status, mammography tumor type, MIP-TRA, and MRI tumor type as four predictive variables that can
influence the success of BCS by determining negative margins. The results underwent internal validation and were
additionally confirmed using calibration curves, which revealed a robust correlation between the predicted and actual
rates of surgical success. In conclusion, this study offers valuable data that can aid in the preoperative evaluation of BCS
outcomes.
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ARTICLE HIGHLIGHTS

Research background

Breast cancer is a prevalent malignancy among women, and surgical treatment remains a widely employed approach.
However, the presence of positive margins following surgery frequently results in cancer recurrence and metastasis,
significantly impacting the treatment outcome and patient prognosis.

Research motivation

With the continuous improvement of medical technology, the treatment of breast cancer is becoming increasingly
comprehensive, yet positive margins leading to recurrence and metastasis remain important factors affecting the
treatment effect and patient prognosis.

Research objectives
This study aims to investigate the diagnostic value of various preoperative examination methods for breast cancer margin
status.

Research methods

A retrospective study was conducted on 323 breast cancer patients who met the criteria for undergoing breast-conserving
surgery (BCS). Data on preoperative imaging, as well as intraoperative and postoperative pathological findings, were
collected. The patients were categorized into groups based on the presence of positive or negative margins. The data were
randomly split into a training set and a validation set. Non-conditional logistic regression and LASSO regression were
applied to the validation set to identify risk factors associated with the failure of BCS.

Research results
The presence of non-mass enhancement on magnetic resonance imaging (MRI), indistinct margins on ultrasound and
molybdenum target examination, as well as tumor size larger than 2 cm, were identified as factors that elevate the risk of
positive margins.

Research conclusions

The model utilizes preoperative evaluation results from ultrasound, molybdenum target, MRI, and core needle biopsy
pathology, all of which were aligned with the actual situation. This provides reliable guidance for clinical decision-
making concerning BCS.

Research perspectives

This study established a computational model to forecast the success of BCS using variables such as ER-positive status,
mammography tumor type, maximum intensity projection imaging feature, and MRI tumor type. This has significant
implications for preoperative evaluation and the selection of appropriate surgical interventions, thus improving surgical
success rates and negative margin rates.
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