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INTRODUCTION

With the widespread application of breast cancer screening 
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Objective: To investigate the potential association among preoperative breast MRI features, axillary nodal burden (ANB), 
and disease-free survival (DFS) in patients with early-stage breast cancer.
Materials and Methods: We retrospectively reviewed 297 patients with early-stage breast cancer (cT1-2N0M0) who underwent 
preoperative MRI between December 2016 and December 2018. Based on the number of positive axillary lymph nodes (LNs) 
determined by postoperative pathology, the patients were divided into high nodal burden (HNB; ≥3 positive LNs) and non-HNB 
(<3 positive LNs) groups. Univariable and multivariable logistic regression analyses were performed to identify independent 
risk factors associated with ANB. Predictive efficacy was evaluated using the receiver operating characteristic (ROC) curve and 
area under the curve (AUC). Univariable and multivariable Cox proportional hazards regression analyses were performed to 
determine preoperative features associated with DFS.
Results: We included 47 and 250 patients in the HNB and non-HNB groups, respectively. Multivariable logistic regression 
analysis revealed that multifocality/multicentricity (adjusted odds ratio [OR] = 3.905, 95% confidence interval [CI]: 1.685–
9.051, P = 0.001) and peritumoral edema (adjusted OR = 3.734, 95% CI: 1.644–8.479, P = 0.002) were independent risk 
factors for HNB. Combined peritumoral edema and multifocality/multicentricity achieved an AUC of 0.760 (95% CI: 0.707–
0.807) for predicting HNB, with a sensitivity and specificity of 83.0% and 63.2%, respectively. During the median follow-up 
period of 45 months (range, 5–61 months), 26 cases (8.75%) of breast cancer recurrence were observed. Multivariable Cox 
proportional hazards regression analysis indicated that younger age (adjusted hazard ratio [HR] = 3.166, 95% CI: 1.200–8.352, 
P = 0.021), larger tumor size (adjusted HR = 4.370, 95% CI: 1.671–11.428, P = 0.002), and multifocality/multicentricity (adjusted 
HR = 5.059, 95% CI: 2.166–11.818, P < 0.001) were independently associated with DFS.
Conclusion: Preoperative breast MRI features may be associated with ANB and DFS in patients with early-stage breast cancer.
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technology, the detection rate of early-stage breast cancer 
(cT1-2N0M0) has increased significantly [1]. Sentinel lymph 
node biopsy (SLNB) is the standard procedure for the axillary 
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ANB and whether these imaging features are associated 
with disease-free survival (DFS) in patients with early-stage 
breast cancer.

MATERIALS AND METHODS

Study Population
This retrospective study was approved by the Institutional 

Ethics Review Board of Shanxi Province Cancer Hospital 
(IRB No. KY2022001), which waived the requirement for 
informed consent. Patients with early-stage breast cancer 
who underwent preoperative MRI at our hospital between 
December 2016 and December 2018 were retrospectively 
reviewed. The inclusion criteria were as follows: 1) patients 
who had pathologically confirmed invasive ductal carcinoma, 
and with clinical early-stage (cT1-2N0M0; tumor size ≤5 cm, 
no palpable axillary adenopathy, no metastasis), 2) patients 
who underwent preoperative breast MRI, 3) patients who 
underwent SLNB or ALND surgery within two weeks after 
the MRI examination. The exclusion criteria were as follows: 
1) poor imaging quality, 2) patients with a history of other 
malignant tumors, 3) patients who received neoadjuvant 
chemotherapy before surgery, and 4) patients who underwent 
a primary breast cancer biopsy before the MRI examination. 
Based on the number of positive axillary LNs determined by 
postoperative pathology, patients were divided into the HNB 
(≥3 positive LNs) and non-HNB (<3 positive LNs) groups. 

Breast MRI Examination
Breast MRI was performed with the patient in the 

prone position using a 3T system (Philips Achieva; Philips 
Healthcare, Best, the Netherlands) equipped with a 
dedicated 8-channel surface phased array breast coil. The 
routine protocol included turbo spin-echo T1-weighted 
(repetition time [ms]/echo time [ms], 4.5/1.98; field of 
view, 32 x 32 cm; matrix, 320 x 320; slice thickness, 1 mm) 
and T2-weighted fat-suppressed spin-echo sequences 
(3556/70; field of view, 32 x 32 cm; matrix, 456 x 364; slice 
thickness, 4 mm). Echoplanar diffusion-weighted imaging 
(DWI) was performed before contrast enhancement (8830/57; 
field of view, 32 x 32 cm; matrix, 128 x 126; slice thickness, 
3 mm) with b-values of 0 and 1000 sec/mm2. Dynamic contrast-
enhanced MRI was performed using a T1-weighted gradient-
echo sequence (3.9/1.84; field of view, 35 x 35 cm; matrix, 
352 x 352; slice thickness, 2.5 mm). A total of 40 phases, 
each lasting 10.8 seconds, were scanned after the injection 
of a contrast agent. A bolus of 0.1 mmol/kg gadodiamide 

evaluation of patients with early breast cancer [2]. Following 
the American College of Surgeons Oncology Group (ACOSOG) 
Z0011 trial, axillary lymph node (LN) evaluation focuses 
on the status of metastasis and the number of axillary 
LN metastases, known as the axillary nodal burden (ANB) 
[3,4]. High nodal burden (HNB), defined as the detection 
of three or more metastatic LNs, typically requires further 
axillary lymph node dissection (ALND), which patients 
with fewer than three metastatic LNs may be exempt from 
ALND [5]. However, if patients with HNB can be accurately 
identified before surgery, ALND can be performed without 
SLNB, reducing operation time and medical costs [6]. 
Furthermore, accurate preoperative prediction of HNB can 
alter the treatment strategy, allowing neoadjuvant therapy 
to downstage the axillary region and potentially avoid the 
need for ALND [7]. Therefore, precise preoperative prediction 
of ANB in early breast cancer is crucial for guiding clinical 
decision-making.

Current imaging techniques for assessing axillary LNs 
remain limited in terms of accuracy, even when combined 
with advanced detection equipment such as PET-CT [8], 
particularly in early-stage breast cancer, where metastatic 
LNs are often small [9]. Ultrasound (US) was the primary 
modality used to assess the axilla. However, its sensitivity 
and specificity nonpalpable LN evaluation range from 49% to 
87% and 55% to 97%, respectively, influenced by operator 
dependence [8]. Potential primary breast tumor features 
in predicting axillary LN metastatic burden have been 
investigated [10-13]. Magnetic resonance imaging (MRI), 
a high-resolution multiparameter imaging technique, can 
provide comprehensive information on primary breast lesions 
[14]. Several studies have found that MRI features of primary 
breast cancer, such as edema, tumor size, and mass margins, 
are associated with ANB [5,15,16]. However, the findings 
of these studies were inconsistent. Additionally, the clinical 
significance of MRI signs not included in the lexicon of the 
American College of Radiology Breast Imaging and Reporting 
Data System (ACR BI-RADS), such as peritumoral edema and 
the adjacent vessel sign, is believed to be associated with 
lymphovascular invasion [17], a factor significantly linked 
to LN metastasis [18]. Therefore, further investigations are 
warranted to elucidate the predictive value of these MRI 
features for ANB. Moreover, the prognostic significance of 
MRI features of primary breast cancer in early-stage breast 
cancer remains poorly established.

Therefore, this study aimed to investigate whether MRI 
features of primary breast cancer can assist in predicting 
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(omniscan, GE Healthcare Ireland Limited, Cork, Ireland) was 
injected into the arm using high-pressure injectors at a rate 
of 3.0 mL/s, followed by a 20 mL saline flush. 

Breast MRI Analysis
Two radiologists with 10 and 15 years, respectively, of 

experience in breast MRI independently reviewed the images. 
The original independent evaluations of the radiologists 
were recorded to calculate inter-reader agreement. For 
discrepancies, a consensus was reached through discussion. 
Only the largest lesion was quantitatively and qualitatively 
assessed for multifocal or multicentric lesions. The location 
and size of the lesions were recorded to ensure that both 
readers evaluated the same lesion. All images were evaluated 
using the 2013 Breast Imaging Reporting and Data System 
MR imaging lexicon [19]. The radiologists also evaluated 
the presence of 1) peritumoral edema, defined as higher 
signal intensity around the tumor on T2-weighted imaging 
(T2WI) compared to the surrounding breast tissue or similar 
to that of water (Supplementary Fig. 1A) [20], 2) prepectoral 
edema, defined as a water-like hyperintensity area with a 
linear or band-shaped extension to the pectoralis major 
muscle (Supplementary Fig. 1B) [21], 3) subcutaneous 
edema, defined as an intense water-like hyperintensity area 
extending to subcutaneous areas (Supplementary Fig. 1C) 
[21], 4) adjacent vascular signs, defined as the presence of 
blood vessels on contrast-enhanced T1WI that entered or 
touched the edge of the lesion [17], and 5) multifocality/
multicentricity, defined as two or more highly suggestive 
malignant lesions (BI-RADS MRI 5) in the same or different 
quadrants, with normal breast parenchyma separating them. 
The assessment of highly suspicious malignant lesions 
was mainly based on dynamic contrast enhancement MRI, 
combined with DWI to ensure higher accuracy. Also assessed 
were 6) intratumoral necrosis, determined by a water-
like hyperintensity area in the tumor on T2WI, without 
enhancement on DCE images [22], and 7) tumor apparent 
diffusion coefficient (ADC) value, calculated by placing 
three regions of interest (≥20 mm2) on different sections 
within the lesion on ADC images, avoiding necrotic areas 
with reference to T2WI and contrast-enhanced T1WI, and 
determining the average value as the ADC of each lesion. 
ADC values measured by senior radiologists were used for 
the analysis.

Pathological Evaluation
This study included preoperative clinical and pathological 

biopsy indicators such as age; menopausal status; 
histological grade; estrogen receptor (ER), progesterone 
receptor (PR), human epidermal growth factor receptor 2 
(HER2), and Ki-67 expression status; and molecular subtype. 
ER or PR positivity was defined as ≥1% tumor nucleus 
staining, and the cutoff value for Ki-67 was 20%. For HER2 
status, tumors with immunohistochemical (IHC) staining 
scores of 0 or 1+ and 3+ were defined as HER2-negative 
and HER2-positive, respectively, following American Society 
of Clinical Oncology/College of American Pathologists 
guidelines [23]. For tumors with an IHC staining score of 
2+, fluorescence in situ hybridization (FISH) was performed 
to determine HER2 status. Non-amplified and amplified FISH 
results indicated HER2-negative and HER2-positive tumors, 
respectively. According to the 2013 St. Gallen conference, 
breast cancer was classified into four molecular subtypes: 
luminal A, luminal B, HER2-enriched, and triple-negative 
subtype [24].

Follow-Up
The endpoint of this study was DFS, defined as the time 

from the date of surgery to the first local recurrence, distant 
metastasis, or death from any cause, whichever occurred 
first. Patients were followed up postoperatively with physical 
examination, chest CT, and breast and abdominal US every 
3–6 months for the first 2 years and then annually according 
to the follow-up protocol of our institution. Bone scanning 
and PET-CT were performed if necessary. Recurrence or 
metastasis was confirmed using imaging or histopathology. 
Follow-up began on the first day after surgery and ended 
in June 2022. Patients who did not experience recurrence, 
distant metastasis, or death at the last follow-up or those 
who were lost to follow-up were excluded from the analysis.

Statistical Analysis
Statistical analyses were performed using statistical 

software (SPSS version 22.0, IBM Corp., Armonk, NY, USA; 
MedCalc version 19.6.4, MedCalc Software Ltd., Ostend, 
Belgium; and X-Tile version 3.6.1, Yale University, New 
Haven, CT, USA). Statistical significance was set at P < 
0.05. significant. Differences in the clinicopathological 
characteristics and MRI features of primary breast cancer 
between the HNB and non-HNB groups were compared using 
the Student’s t-test, Mann-Whitney U-test, χ2 test, or Fisher 
exact test, as appropriate. Univariable and multivariable 
logistic regression analyses were conducted to identify 
independent risk factors associated with HNB. Variables 
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with P < 0.05 in the univariable analyses were entered 
into the multivariable analyses. The predictive efficacy of 
the identified risk factors for HNB was evaluated using the 
receiver operating characteristic (ROC) curve and area under 
the curve (AUC). The inter-reader agreement was evaluated 
for each variable, using the kappa test and intraclass 
correlation coefficient for qualitative and quantitative 
variables, respectively. Univariable and multivariable Cox 
proportional hazards regression analyses were performed 
to determine whether the preoperative clinicopathological 
characteristics and MRI features of primary breast cancer 
were related to DFS. Adjusted Kaplan-Meier survival curves 
were generated to illustrate the impact of significant risk 
factors identified by multivariable Cox proportional hazards 
regression analysis [25]. Variables with P < 0.1 in the 
univariable Cox analyses were entered into the multivariable 
Cox analyses. The X-Tile program was used to select the 
optimum cutoff for continuous variables according to the 
highest χ2 value defined by Kaplan-Meier survival analysis 
and log-rank test [26].

RESULTS

Clinical-Pathologic Characteristics and Preoperative 
Breast MRI Features

Among the initial cohort of 453 patients, 156 individuals 
were excluded, resulting in a sample of 297 female patients, 
aged 23–76 years (mean 50 ± 10) (Fig. 1). There were 47 
and 250 patients in the HNB (range, 3–32 positive LNs) and 

non-HNB (range, 0–2 positive LNs) groups, respectively. The 
clinicopathological characteristics of the HNB and non-HNB 
groups are compared in Table 1. No significant differences 
were observed in age, menopausal status, ER, PR, HER2, 
Ki-67, molecular subtype, or pathological grade between the 
two groups (all P > 0.05). However, significant differences 
were noted in tumor size, lesion type, multifocality or 
multicentricity, adjacent vessel signs, peritumoral edema, 
and subcutaneous edema (all P < 0.05) (Table 2). Regarding 
the breast MRI features, satisfactory concordance existed 
between the two radiologists, as evidenced by κ values or 
intraclass correlation coefficients ranging from 0.757 to 
0.966 (Supplementary Table 1).

Association Between Preoperative Breast MRI Features 
and HNB

Univariable analysis showed that tumor size on MRI, 
adjacent vessel sign, NME lesion type, multifocality/
multicentricity, peritumoral edema, and subcutaneous 
edema were significantly correlated with HNB 
(Supplementary Table 2). Multivariable logistic regression 
showed that multifocality/multicentricity (adjusted OR = 
3.905, 95% CI: 1.685–9.051, P = 0.001) and peritumoral 
edema (adjusted OR = 3.734, 95% CI: 1.644–8.479, P = 
0.002) were independent risk factors for HNB (Supplementary 
Table 2, Figs. 2, 3). Regarding the predictive value of 
HNB, the AUCs for peritumoral edema and multifocality/
multicentricity were 0.719 (95% CI: 0.664–0.769) and 0.622 
(95% CI: 0.564–0.678), respectively. Combined peritumoral 

Fig. 1. Flowchart of the study patients. HNB = high nodal burden

Patients with early-stage breast cancer met inclusion criteria 
between December 2016 and December 2018 (n = 453)

89 excluded (underwent biopsy before 
the MRI examination)

34 excluded (received neoadjuvant 
chemotherapy prior to surgery)

26 excluded (poor imaging quality)

Total 297 patients were analyzed
       • 47 patients were HNB group 
       • 250 patients were non-HNB

7 excluded (with a history of other 
malignant tumors)
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edema and multifocality/multicentricity achieved an AUC of 
0.760 (95% CI: 0.707–0.807), which was higher than that 
of any single factor (P = 0.011 and P = 0.001, respectively). 
The sensitivity and specificity at the optimal threshold 
according to the Youden index (0.462) were 83.0% and 
63.2%, respectively. 

Association Between Preoperative Breast MRI Features 
and DFS

The median follow-up period was 45 months (range, 
5–61 months). Disease relapse occurred in 26 of the 297 
patients (8.75%) during a median follow-up period of 24 
months (range, 5–41 months). Among these 26 patients, 
17 (65.38%) had distant metastasis (bone [n = 8], lung 
[n = 4], liver [n = 4], and brain [n = 1]), 2 (7.69%) had 
local recurrence (ipsilateral chest wall), and 7 (26.93%) 
had both distant metastasis and local recurrence (ipsilateral 

Table 1.  Comparison of clinicopathological characteristics 
between HNB group and Non-HNB group

Characteristics
Non-HNB 
(n = 250)

HNB 
(n = 47)

P

Age, yrs 49.87 ± 9.94 50.15 ± 9.45 0.858
Menopausal status 0.487

Premenopausal 146 (58.4) 30 (63.8)
Postmenopausal 104 (41.6) 17 (36.2)

ER status 0.374
Negative   63 (25.2)   9 (19.1)
Positive 187 (74.8) 38 (80.9)

PR status 0.505
Negative   98 (39.2) 16 (34.0)
Positive 152 (60.8) 31 (66.0)

HER2 status 0.411
Negative 194 (77.6) 39 (83.0)
Positive   56 (22.4)   8 (17.0)

Ki-67 index 0.948
<20%   68 (27.2) 13 (27.7)
≥20% 182 (72.8) 34 (72.3)

Molecular subtype 0.528
Luminal A   64 (25.6) 12 (25.5)
Luminal B 125 (50.0) 26 (55.3)
HER2 enriched   26 (10.4)   6 (12.8)
Triple-negative   35 (14.0) 3 (6.4)

Histologic grade 0.667
Low and moderate 184 (73.6) 36 (76.6)
High   66 (26.4) 11 (23.4)

Data are number of patients with percentage in parentheses, 
except for age presented as mean ± standard deviation.
HNB = high nodal burden, ER = estrogen receptor, PR = progesterone 
receptor, HER2 = human epidermal growth factor receptor 2

Table 2. Comparison of preoperative breast MRI features between 
HNB group and non-HNB group

Features
Non-HNB 
(n = 250)

HNB 
(n = 47)

P

All (n = 297)
Tumor size on MRI, cm 1.8 (1.4–2.3) 2.4 (1.8–3.6) <0.001*
Lesion type 0.004†

Mass 236 (94.4) 38 (80.9)
NME 14 (5.6) 9 (19.1)

TIC pattern 0.513†

Type I 9 (3.6) 0 (0)
Type II 147 (58.8) 30 (63.8)
Type III 94 (37.6) 17 (36.2)

Intratumoral necrosis 0.392†

Negative 227 (90.8) 45 (95.7)
Positive 23 (9.2) 2 (4.3)

Multifocality/multicentricity <0.001
Negative 226 (90.4) 31 (66.0)
Positive 24 (9.6) 16 (34.0)

Adjacent vessel sign 0.003
Negative 215 (86.0) 32 (68.1)
Positive 35 (14.0) 15 (31.9)

Peritumoral edema <0.001
Negative 168 (67.2) 11 (23.4)
Positive 82 (32.8) 36 (76.6)

Prepectoral edema 0.090†

Negative 232 (92.8) 40 (85.1)
Positive 18 (7.2) 7 (14.9)

Subcutaneous edema 0.001†

Negative 247 (98.8) 41 (87.0)
Positive 3 (1.2) 6 (13.0)

Tumor ADC, x 10-3 mm2/s 0.831 ± 0.142 0.818 ± 0.143 0.580
Mass (n = 274)

Shape 0.103
Oval or round   44 (18.6) 3 (7.9)
Irregular 192 (81.4) 35 (92.1)

Margin 0.778†

Circumscribed   25 (10.6) 3 (7.9)
Not circumscribed 211 (89.4) 35 (92.1)

Internal enhancement 0.266
Rim enhancement   42 (17.8) 4 (10.5)
Others 194 (82.2) 34 (89.5)

NME (n = 23)
Distribution 1.000†

Linear or segmental 8 (57.1) 6 (66.7)
Others 6 (42.9) 3 (33.3)

Internal enhancement 1.000†

Clustered ring 6 (42.9) 3 (33.3)
Others 8 (57.1) 6 (66.7)

Data are number of patients with percentage in parentheses, 
except for tumor size on MRI presented as medians with 
interquartile ranges in parentheses, and tumor ADC presented as 
mean ± standard deviation.
*P-values were obtained with the Mann-Whitney U test, †P-values 
were obtained with the Fisher exact test. Unless otherwise specified, 
continuous variables were compared by the Student t-test, and 
categorical variables were compared using the χ2 test. 
HNB = high nodal burden, NME = non-mass enhancement, TIC = 
time-intensity curve, ADC = apparent diffusion coefficient
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chest wall and bone [n = 3], ipsilateral chest wall and lung 
[n = 2], ipsilateral chest wall and mediastinal LN [n = 1], 
supraclavicular and cervical LN [n = 1]). Four patients 
died during the treatment for metastasis. The optimum 
cutoff values for age, tumor size, and ADC were 52 years, 
2.1 cm, and 0.990 x 10-3 mm2/s, respectively. Univariable 
and multivariable Cox regression analyses of preoperative 
clinicopathological characteristics and MRI features of 
primary breast cancer associated with DFS in patients with 
early-stage breast cancer are presented in Supplementary 
Table 3. Younger age (≤52) (adjusted hazard ratio [HR] = 
3.166, 95% CI: 1.200–8.352, P = 0.021), larger tumor size 
(>2.1 cm) (adjusted HR = 4.370, 95% CI: 1.671–11.428, 
P = 0.002) and presence of multifocality/multicentricity 
(adjusted HR = 5.059, 95% CI: 2.166–11.818, P < 0.001) 
were independently associated with poor DFS (Supplementary 
Table 3, Figs. 4, 5). 

DISCUSSION

Preoperative prediction of HNB may avoid the 
underestimation of LN staging using SLNB alone [8]. 
Furthermore, it may modify treatment strategy, allowing 
neoadjuvant therapy to downstage the axillary region and 
potentially avoid ALND [8]. In this study, we investigated 
the MRI features of primary breast cancer to predict ANB in 
patients with early-stage breast cancer. Peritumoral edema 
and multifocal/multicentricity on MRI were independent 
risk factors for HNB. Additionally, age, tumor size, and 
multifocal/multicentricity on MRI were associated with DFS, 
thus being crucial in predicting the prognosis of patients 
with early-stage breast cancer before surgery. The predictors 
identified in this study are easily obtainable through 
routine examinations and can aid in tailoring personalized 
therapeutic regimens and evaluating the prognosis of 
patients with early-stage breast cancer.

Fig. 2. Representative MR images of HNB and non-HNB patients with early-stage breast cancer. A-D: 62-year-old female with invasive 
ductal carcinoma of the right breast. (A) Contrast-enhanced T1WI shows two masses (22 mm and 11 mm) in the lower outer quadrant 
of the right breast, with irregular margins and heterogeneous/rim enhancement. (B) DWI shows high signal intensity in both nodes, with 
similar ADC values (0.855 x 10-3 mm2/s and 0.827 x 10-3 mm2/s, respectively). It is considered multifocal breast cancer. (C) Fat-suppressed 
T2WI shows high-signal around the tumor, which represents peritumoral edema (arrow). (D) The right axilla shows a slightly enlarged 
lymph node (9 mm x 4 mm) with a central fatty hilum (arrow). The patient has four metastatic lymph nodes confirmed by pathology and 
is classified as HNB. E-H: 63-year-old female with invasive ductal carcinoma of the right breast. (E) Contrast-enhanced T1WI shows a single 
mass (14 mm) with irregular margins and heterogeneous enhancement in the upper inner quadrant of the right breast. (F) DWI shows high 
signal intensity, with ADC values of 0.743 x 10-3 mm2/s. (G) Fat-suppressed T2WI shows no peritumoral edema. (H) The right axilla shows a 
slightly enlarged lymph node (13 mm x 4 mm) with a homogeneous C-shaped cortex (arrow). The patient has one pathologically confirmed 
metastatic lymph node and is classified as non-HNB. HNB = high nodal burden, WI = weighted imaging, DWI = diffusion weighted imaging, 
ADC = apparent diffusion coefficient

A

E

B

F

C

G

D

H
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The fifth edition of the BI-RADS is commonly employed 
to evaluate breast MRI, focusing primarily on the dynamic 
contrast-enhancement characteristics of breast lesions. 
Peritumoral edema observed on breast T2WI MRI is often 
overlooked by radiologists given its exclusion from the 
BI-RADS lexicon. Nevertheless, several studies have 

demonstrated its correlation with certain pathological 
indicators and prognosis [17,27,28]. In the present study, 
the incidence of peritumoral edema was significantly higher 
in the HNB than in the non-HNB group. Multivariable 
logistic regression demonstrated that peritumoral edema 
was a predictor of HNB in early breast cancer, which is 

Fig. 4. Forest plot of multivariable adjusted Cox regression analyses of the preoperative clinicopathological characteristics and MRI 
features associated with disease-free survival for early-stage breast cancer patients. HR = hazard ratio, CI = confidence interval, HER2 = 
human epidermal growth factor receptor 2

Fig. 3. Forest plot of multivariable logistic regression analyses of the preoperative clinicopathological characteristics and MRI features 
associated with high nodal burden for early-stage breast cancer. OR = odds ratio, CI = confidence interval, NME = non-mass enhancement
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consistent with previous studies [15,20]. However, the 
exact biological mechanisms underlying the formation 
of peritumoral edema remain unclear. Baltzer et al. [29] 
suggested that more invasive tumors are often surrounded 
by increased angiogenesis and newly formed immature blood 
vessels given their higher permeability. These tumors easily 
cause vasogenic edema, which manifests as a high signal 
on peritumoral T2WI. Koyama et al. [30] proposed that 
highly malignant breast cancers tend to secrete abundant 
hyaluronidase, which induces the degradation of neighboring 
tissues, facilitating the shedding and colonization of cancer 
cells. Interstitial hyaluronidase, which prolongs T2 relaxation 
time, leads to a high signal area on T2WI. These findings 
collectively support the notion that breast cancers with 
peritumoral edema tend to exhibit greater aggressiveness 
and metastasis, resulting in greater LN metastatic burden.

Multifocal or multicentric breast cancer has been reported 
to occur in approximately 21%–63% of cases [31]. Owing 
to its high sensitivity in breast cancer detection and ability 
to identify occult cancer foci undetectable by other imaging 
modalities, MRI has become the recommended technique 
for detecting multifocal or multicentric breast cancer [14]. 
In this study, multifocality or multicentricity on breast 
MRI was an independent risk factor for HNB in early-stage 
breast cancer. Previous studies have shown that multifocal 
or multicentric breast cancer is associated with a higher 
incidence of axillary LN metastasis, which may be attributed 
to its biologically more aggressive nature than unifocal 
breast cancer [32,33]. Multifocal and multicentric breast 

cancers also tend to have a higher total tumor burden, 
facilitating axillary LN metastasis and local recurrence [34].

In this study, tumor size observed on MRI was a significant 
prognostic factor for DFS in early breast cancer. X-tile plots 
indicated that a cutoff value of 2.1 cm was optimal, which 
is approximately equivalent to the demarcation between the 
T1 and T2 stages in the American Joint Committee on Cancer 
staging system [35]. Therefore, early T-staging remains an 
important prognostic factor for early-stage breast cancer. 
Additionally, multifocality or multicentricity observed on 
MRI was associated with prognosis, which is consistent with 
the findings of Bitencourt et al. [36], whose study revealed 
that multifocality identified through MRI had prognostic 
significance, whereas the same features identified through 
postoperative pathology did not. Bitencourt et al. [36] 
suggested that smaller lesions may be missed in pathological 
sections and that the administration of chemotherapy could 
complicate the detection of multifocality. In summary, the 
previously overlooked presence of multiple foci on MRI may 
be valuable in prognostic assessment but requires additional 
research.

Our study had several limitations. First, patient selection 
bias was inevitable given its retrospective design. Second, 
since this was a single-center study, further validation from 
other research institutions is required. Third, our study 
explored only the MRI features of primary tumors relative 
to HNB and DFS. The incorporation of primary breast tumors 
and axillary features warrants further investigation. Finally, 
the median follow-up duration of 45 months was relatively 
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Fig. 5. Adjusted Kaplan-Meier survival curves of disease-free survival according to (A) tumor size (adjusted HR = 4.370, 95% CI: 1.671–
11.428, P = 0.002) and (B) multifocality/multicentricity (adjusted HR = 5.059, 95% CI: 2.166–11.818, P < 0.001) on preoperative breast 
MRI in patients with early-stage breast cancer. HR = hazard ratio, CI = confidence interval
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short to evaluate DFS. We will continue to monitor the 
survival of these patients.

In conclusion, our study demonstrates that multifocality/
multicentricity and peritumoral edema observed on MRI 
can help predict a HNB in patients with early breast 
cancer. Furthermore, younger age, larger tumor size, and 
multifocality/multicentricity on MRI were associated with 
worse DFS. Therefore, preoperative MRI may assist in 
treatment decision-making and prognostic evaluation for 
patients with early breast cancer.
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