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Abstract
Background The objective of this study was to investigate the association between focal breast edema (FBE) and 
adjacent vessel sign (AVS) with tumor size, histologic grade, lymphovascular invasion, axillary lymph node status, Ki-67 
index, and molecular subtype in breast cancer. These findings have provided valuable insights into the biological 
characteristics and prognosis of mass-type invasive ductal carcinoma (M-IDC).

Methods We retrospectively included patients with M-IDC between January 2016 and December 2021. FBE was 
evaluated using T2-weighted sequence. AVS was assessed using maximum-intensity projection images obtained 
using early dynamic contrast-enhanced magnetic resonance imaging. The breast peritumor score (BPS) was defined 
as follows: BPS 1, absence of both edema and AVS; BPS 2, AVS without edema; BPS 3, AVS with peritumoral edema; 
BPS 4, AVS with prepectoral edema; and BPS 5, AVS with subcutaneous edema. The correlation between different BPS 
scores and clinicopathological variables was examined using Kendall’s tau-b correlation coefficient. The DeLong test 
was used to compare the performances of three clinicopathological models combined with peritumoral features 
(FBE, AVS, and BPS) in predicting luminal A-like M-IDC.

Results In 228 patients with M-IDC, BPS was positively correlated with tumor size, histologic grade, lymphovascular 
invasion, axillary lymph node status, Ki-67 index, and negatively correlated with estrogen receptor expression (all 
P < 0.05). Furthermore, BPS 1 was more likely to be present in patients with luminal A-like breast cancer (P < 0.001). 
Among the three prediction models, the clinicopathological model combined with the BPS model demonstrated 
superior diagnostic performance for luminal A-like breast cancer.

Conclusions The BPS is a valuable, non-invasive biomarker for assessing the aggressiveness of M-IDC and can 
facilitate treatment planning.
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Introduction
Breast cancer has the highest incidence among women 
worldwide and it is the leading cause of cancer-related 
mortality in women [1]. Breast magnetic resonance 
imaging (MRI) is widely acknowledged as the most pre-
cise diagnostic tool for screening women at high risk of 
breast cancer, staging breast cancer, and evaluating their 
response to neoadjuvant chemotherapy [2]. Compared 
to full-protocol MRI, abbreviated screening MRI, which 
includes a T2-weighted (T2WI) sequence, one pre-
contrast sequence, and one postcontrast T1-weighted 
(T1WI) sequence, has been extensively studied because 
of its comparable sensitivity and superior specificity [3, 
4]. The utilization of both T2WI and early postcontrast 
T1WI significantly enhances the diagnostic accuracy of 
breast cancer.

Several studies suggest that MRI characteristics of peri-
tumoral tissues offer valuable insights into the biological 
information and prognostic outcomes associated with 
breast cancer [5, 6]. The presence of focal breast edema 
(FBE) characterized by a clear hyperintense signal com-
pared to the ipsilateral pectoralis major, on T2WI in 
the same breast or adjacent to the tumor, is frequently 
indicative of malignancy [7]. FBE is classified as peritu-
moral, prepectoral, and subcutaneous [8]. Many studies 
have confirmed that FBE is associated with high biologi-
cal aggressiveness and poor prognosis of breast cancer 
[9, 10]. In addition, Harada et al. [10] have established 
the breast edema score (BES) in 2021 to grade breast 
edema on T2WI sequences and proved that the BES has 
important guiding significance for the evaluation of pro-
gression-free and overall survival of breast cancer. The 
adjacent vessel sign (AVS) on early dynamic contrast-
enhanced (EDCE) imaging was initially defined as the 
presence of a vessel (either an artery or vein) in direct 
proximity to or accessing a lesion [11]. The inclusion of 
AVS as an adjunctive prognostic factor may enhance the 
accuracy of predicting a poor prognosis [12].

However, the clinical significance and prognostic value 
of peritumoral tissues have not been fully elucidated. We 
have developed a breast peritumor score (BPS): BPS 1, 
the absence of both edema and AVS; BPS 2, AVS without 
edema; BPS 3, AVS with peritumoral edema; BPS 4, AVS 
with prepectoral edema; and BPS 5, AVS with subcuta-
neous edema. The purpose of this study was to investi-
gate the correlation between BPS and clinicopathological 
characteristics in patients with mass-type invasive ductal 
carcinoma (M-IDC). The objective of our study was to 
utilize the BPS to provide valuable biological information 
for the development of personalized treatment strategies 
for patients with M-IDC.

Methods
Study population
This retrospective study was approved by our insti-
tutional review board and ethics committee, and the 
requirement for informed consent was waived. This 
study conducted a retrospective analysis of the clini-
cal pathology and imaging data of female patients with 
breast cancer between January 2016 and December 
2021. To avoid interference from normal fibroglandu-
lar tissue or fat tissue within the non-mass enhance-
ment lesions, we included only mass lesions. According 
to the 2013 edition of the American College of Radiol-
ogy Breast Imaging Reporting and Data System, a mass 
is a three dimensional, space-occupying structure with a 
convex-outward contour [13]. A total of 355 women with 
invasive ductal carcinoma on breast MRI were identi-
fied using the hospital case system and Picture Archiving 
and Communication System. Among them, 21 under-
went puncture biopsy or neoadjuvant therapy before the 
MRI examination, 52 showed non-mass enhancement, 
36 showed multiple unilateral or bilateral masses, and 18 
showed positive surgical margins or ductal carcinoma in 
situ around the lesion, and were excluded. A total of 228 
patients were included in the study. An overview of the 
patient selection process is shown in Fig. 1.

MRI technique
All MRI examinations were performed using a 1.5-T 
superconductive MRI scanner (Achieva, Philips Health-
care) with a 4-channel body array coil. The scanning 
parameters were as follows: (1) conventional axial T1W-
TSE sequence: TR 439 ms, TE 9 ms, slice thickness 
3.5  mm; (2) transection T2W-SPAIR (SPectral Attenu-
ated Inversion Recovery) sequence: TR 3740 ms, TE 60 
ms, 3.5 mm thick; (3) sagittal T2W-SPAIR sequence: TR 
4255 ms, TE 74 ms, thick 4.0  mm; (4) Dyn-eTHRIVE 
sequence was used to perform axial fat-suppressed 
T1-weighted gradient-echo dynamic enhanced scan: TR 
6.9 ms, TE 3.4 ms, 1 mm thick, matrix 300 × 300, turning 
angle of 10°, a total of nine phases, scan time was 8 min 
15  s, the maximum-intensity projection (MIP) images 
were obtained by subtraction.

MRI evaluation
Two doctors, each with over five years of experience 
in breast MRI diagnosis, independently reviewed the 
images without knowledge of the patients’ pathological 
results. If there was a discrepancy between the two radi-
ologists, the final decision was made by a chief physician 
specializing in breast MRI diagnosis with over 20 years 
of experience. Interobserver agreement was tested using 
kappa statistics.

The parameters assessed using MRI included tumor 
size, FBE on T2WI, and the adjacent vessel sign (AVS) on 
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Fig. 2 Example of breast peritumor score (BPS) on MRI. a1–a2 BPS1: A left invasive ductal carcinoma with histological grade II. There was no high signal 
intensity (no edema) around the tumor at axial fat-suppressed T2-weighted imaging (T2WI), and axial fat-suppressed T1-weighted EDCE (the second MIP) 
showed no AVS. b1–b2 BPS2: A left invasive ductal carcinoma with histological grade II. There was no edema at axial fat-suppressed T2WI, and EDCE-MIP 
showed a vessel in contact with a lesion (AVS). c1–c2 BPS3: A right invasive ductal carcinoma with histological grade II. axial fat-suppressed T2WI showed 
a linear-shaped hyperintensity (peritumoral edema) around the tumor, and EDCE-MIP showed several vessels in contact with a lesion or entering it (AVS). 
d1–d2 BPS4: A left invasive ductal carcinoma with histological grade III. axial fat-suppressed T2WI showed a band-shaped hyperintensity extended to the 
anterior space of pectoralis major muscle (prepectoral edema), and EDCE-MIP showed several vessels in contact with a lesion or entering it (AVS). e1–e2 
BPS5: A left invasive ductal carcinoma with histological grade III. axial fat-suppressed T2WI showed the obvious hyperintensity of skin and subcutaneous 
fat with skin thickening (subcutaneous edema), and EDCE-MIP showed a vessel entering a lesion (AVS)

 

Fig. 1 Study flowchart of participant selection
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the MIP of EDCE. Tumor size was determined based on 
the maximum diameter observed in the MRI enhance-
ment sequence, and the final value was calculated as the 
average of measurements conducted by two physicians. 
FBE was assessed using T2W-SPAIR and categorized as 
the absence of edema, peritumoral edema, prepectoral 
edema, or subcutaneous edema. The presence of peritu-
moral edema was determined by identifying a distinct, 
localized region exhibiting high-intensity signals (in 
comparison to the ipsilateral pectoralis major), resem-
bling aqueous characteristics on T2WI. Furthermore, the 
extent of edema surrounding the tumor did not surpass 
its borders and no cyst wall was observed on EDCE. The 
presence of prepectoral edema was ascertained through 
visual examination of an enlarged region displaying 
intense water-like signals characterized by a linear or rib-
bon-like extension close to the pectoralis major muscle. 
The presence of subcutaneous edema was determined 
by the conspicuous high-signal-intensity area of skin and 
skin thickening on T2WI. When a tumor was located 
directly beneath the skin and accompanied by localized 
region subcutaneous edema, it was classified as peritu-
moral edema. The occurrence of three types of edema, 
including peritumoral edema, prepectoral edema, and 
subcutaneous edema at the same time, was mainly rela-
tively high grade according to the breast edema score. 
AVS was defined as the presence of a vessel (either an 
artery or vein) in direct proximity to or accessing a lesion. 
The presence of AVS was ascertained through the sec-
ond MIP image, which was meticulously scrutinized 
through 360° rotations in three directions to comprehen-
sively assess the surface and vasculature of the mass. The 
combination of FBE and AVS was used to establish the 
BPS, which was defined as follows: BPS 1, the absence 
of both edema and AVS (Fig. 2a1-a2), BPS 2, AVS with-
out edema (Fig.  2b1-b2), BPS 3, AVS with peritumoral 
edema (Fig. 2c1-c2), BPS 4, AVS with prepectoral edema 
(Fig. 2d1-d2), and BPS 5, AVS with subcutaneous edema 
(Fig. 2e1-e2).

Pathologic analysis
The clinical and pathological characteristics of all patients 
were collected for analysis, including age, tumor size, 
histological grade, lymphovascular invasion (LVI) sta-
tus, axillary lymph node (ALN) status, estrogen receptor 
(ER) expression, human epidermal growth factor recep-
tor (HER2) status, and Ki-67 index. According to the 
fifth edition of the World Health Organization classifica-
tion of breast tumors in 2019 [14], immunohistochemi-
cal detection criteria were as follows: (1)ER/progesterone 
receptor (PR) positive was defined as positive tumor 
nucleus ≥ 1%, and < 1% was ER/PR negative. (2)The HER2 
positive status was defined as a HER2 expression score 
of (+++), while (-) and (+) indicated HER2 negative. To 

further validate the expression score, fluorescence in situ 
hybridization gene detection was performed in cases of 
(++), confirming the presence of HER2 amplification and 
classifying it as HER2 positive. (3) A threshold value of 
14% Ki-67 was used to distinguish between high and low 
levels. Breast cancer was divided into five molecular sub-
types: luminal A-like, luminal B-like (HER2-negative), 
luminal B-like (HER2-positive), HER2 positive (non-
luminal), and triple-negative.

The construction of predictive models
The luminal A-like and non-luminal A-like subtypes were 
used as outcome variables. Univariate analysis was used 
to determine the clinicopathological factors significantly 
correlated with luminal A-like M-IDCs (P < 0.05). the 
peritumoral features of the three groups (FBE, AVS, and 
BPS) and the clinicopathological factors with statistical 
significance in univariate analysis were combined, and 
multivariate logistic regression analysis was performed 
separately. Therefore, this study developed three predic-
tive models: the clinicopathological-FBE (CPF), clinico-
pathological-AVS (CPA), and clinicopathological-BPS 
(CPP) models.

Statistical analysis
The statistical analyses were conducted using SPSS soft-
ware, version 25.0 (IBM Corp.), with a significance level 
set at P < 0.05. The correlation between the BPS and clini-
copathological characteristics was compared between 
patients with M-IDC. Student’s t-test for independent 
variables with a normal distribution and Mann-Whit-
ney U-test for variables with a non-normal distribution 
were employed to conduct intergroup comparisons. Cat-
egorical variables were compared using either Pearson’s 
chi-square test or Fisher’s exact test. The association 
between the BPS and clinicopathological variables was 
investigated using Kendall’s tau-b correlation coefficient. 
Interobserver variability was computed to assess the 
categorical ratings provided by the two reviewers using 
k-statistics.

The receiver operating characteristic curve and area 
under the curve (AUC) were used to evaluate the diag-
nostic efficacy of the model for luminal A-like and non-
luminal A-like classifications. The DeLong test was used 
to compare statistical significance in the prediction per-
formance of the three models, and P < 0.05 was consid-
ered statistically significant.

Results
Basic information of included patients
In total, 228 female patients with M-IDC were enrolled 
in this study. The mean age at diagnosis was (52.5 ± 8.4) 
years, ranging from 30 to 82 years old. The median max-
imum diameter of the tumor on MRI was 2.7  cm, with 
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a range from 0.9  cm to 5.3  cm. The study included 114 
patients with and 114 without FBE; 196 patients with 
AVS and 32 without AVS. The combination of FBE and 
AVS identified BPS: out of the total of 228 lesions, 32 
were classified as BPS 1, 82 as BPS 2, 89 as BPS 3, 15 as 
BPS 4, and 10 as BPS 5.

Breast peritumor score (BPS)
Table  1 shows the correlation between BPS and clini-
copathological features in patients with M-IDC. BPS 
correlated with tumor size (P < 0.001), histologic grade 
(P < 0.001), LVI status (P < 0.001), ALN status (P = 0.014), 
Ki-67 index (P < 0.001), and ER expression (P < 0.001). In 
the intergroup comparison, lesions with BPS 3, 4, and 5 
exhibited larger tumor sizes and higher histologic grades 
than those with BPS 1 and 2. Lesions with BPS 2, 3, 4, 
and 5 exhibited a higher Ki-67 index, LVI positivity, and 
prevalence of ALN involvement than those with BPS 
1. Lesions with BPS 3, 4, and 5 were significantly more 
common and exhibited a negative ER status than those 
with BPS 1. BPS 1 and 2 lesions did not differ signifi-
cantly in tumor size, histologic grade, or ER expression, 
and lesions with BPS 2 compared with BPS 1 displayed 
a higher Ki-67 index, LVI positivity, and prevalence of 
ALN involvement. BPS scores of 3, 4, and 5 did not dif-
fer significantly in any of the clinicopathological features. 

Correlation analysis showed that BPS positively corre-
lated with tumor size (Kendall’s tau-b = 0.454, P < 0.001), 
histologic grade (Kendall’s tau-b = 0.403, P < 0.001), LVI 
(Kendall’s tau-b = 0.240, P < 0.001), ALN status (Ken-
dall’s tau-b = 0.151, P = 0.01), Ki-67 index (Kendall’s 
tau-b = 0.341, P < 0.001), and expression of ER (Kend-
all’s tau-b = -0.289, P < 0.001). The ordered variable BPS 
showed weak to moderate correlations with tumor size, 
histologic grade, LVI, Ki-67 index, and expression of ER.

Interobserver agreement
An almost perfect interobserver agreement was observed 
for BES (k = 0.805) and AVS (k = 0.736).

Molecular subtype associated with Peritumoral features
Table 2 shows the correlation between molecular subtype 
and BPS in M-IDCs. Patients with non-luminal M-IDC 
(HER2-positive and triple-negative) were more inclined 
to present with larger tumors, AVS-positive, FBE-pos-
itive, and higher histologic grades (Fig.  3) than those 
with luminal A-like M-IDC (all P < 0.05). However, BPS 
1 lesions were more likely to be luminal A-like tumors 
(P < 0.001)(Fig. 4).

Table 1 Correlation between breast peritumor score and clinical-pathological features in M-IDC[Mean ± SD, IQR, n (%)]
Variables BPS P

BPS1
(n = 32)

BPS2
(n = 82)

BPS3
(n = 89)

BPS4
(n = 15)

BPS5
(n = 10)

Age in years 49.59 ± 7.36 51.79 ± 8.61 53.67 ± 10.85 52.20 ± 8.06 57.10 ± 7.98 0.121
Tumor size on MRI in cm 1.50(1.17–1.80) 1.90(1.50–2.30) 2.20(2.00-2.90) ◪▴ 3.00(2.50–3.40) ◪▴ 3.30(3.00-3.50) ◪▴ <0.001
Histologic grade <0.001
I/II 29(90.62) 60(73.17) 35(39.33) 5(33.33) 2(20.00)
III 3(9.38) 22(26.83) 54(60.67) ◪▴ 10(66.67) ◪▴ 8(80.00) ◪▴

LVI status <0.001
Negative 28(87.50) 49(59.76) 48(53.93) 5(33.33) 3(30.00)
Positive 4(12.50) 33(40.24) ◪ 41(46.07) ◪ 10(66.67) ◪ 7(70.00) ◪

ALN status 0.014
Negative 29(90.62) 51(62.20) 57(64.04) 9(60.00) 4(40.00)
Positive 3(9.38) 31(37.80) ◪ 32(35.96) ◪ 6(40.00) 6(60.00) ◪

Ki-67 index <0.001
< 14 21(65.62) 25(30.49) 9(10.11) 3(20.00) 1(10.00)
≥ 14 11(34.38) 57(69.51) ◪ 80(89.89) ◪▴ 12(80.00) ◪ 9(90.00)
ER <0.001
Negative 2(6.25) 22(26.83) 37(41.57) ◪ 8(53.33) ◪ 7(70.00) ◪

Positive 30(93.75) 60(73.17) 52(58.43) 7(46.67) 3(30.00)
HER2 0.686
Negative 27(84.38) 59(71.95) 66(74.16) 12(80.00) 7(70.00)
Positive 5(15.62) 23(28.05) 23(25.84) 3(20.00) 3(30.00)
Statistically significant p-values are bolded

BPS 1: absence of both edema and AVS, BPS 2:AVS without edema, BPS 3: AVS with peritumoral edema, BPS 4:AVS with prepectoral edema, BPS 5:AVS with 
subcutaneous edem

compare with BPS 1: ◪ P<0.05, compare with BPS 2: ▴ P<0.05
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Three prediction models for luminal A-like M-IDC
Univariate analysis showed that tumor size and histologi-
cal grade were clinicopathological predictors of luminal 
A-like M-IDCs. The variables FBE, tumor size, and his-
tological grade were included in the multivariate logistic 
regression analysis. Histological grade (OR = 0.05, 95%CI: 
0.01–0.20, P < 0.001) was identified as an independent 
predictor, leading to the construction of the CPF model. 
AVS, tumor size, and histological grade were included 
in the multivariate logistic regression analysis. The 
results showed that AVS (OR = 4.52, 95%CI: 1.79–11.41, 
P = 0.001) and histological grade (OR = 0.04, 95%CI: 
0.01–0.18, P < 0.001) were identified as independent pre-
dictors, leading to the construction of the CPA model. 
BPS, tumor size, and histological grade were included in 
the multivariate logistic regression analysis. The results 
showed that BPS (1 vs. 2: OR = 0.26, 95%CI: 0.10–0.67, 
P = 0.005; 1 vs. 3: OR = 0.12, 95%CI: 0.03–0.41, P < 0.001; 
1 vs. 4: OR = 0.40, 95%CI: 0.03–3.00, P = 0.374; and 1 vs. 5: 
OR = 0.22, CI: 0.01–3.86, P = 0.303) and histological grade 
(OR = 0.04, 95%CI: 0.01–18, P < 0.001) were identified as 
independent predictors, leading to the construction of 
the CPP model. The DeLong test showed that the AUC 

of the CPP model (0.816) was higher than that of the CPF 
(0.778) and CPA (0.806) models (Table 3; Fig. 5).

Discussion
The results of our study revealed a positive correlation 
between breast peritumor score and invasive clinico-
pathological characteristics in M-IDC. Furthermore, BPS 
1 MRI peritumoral characteristics without FBE or AVS 
were closely associated with luminal A-like breast cancer. 
Meanwhile, an elevated BPS was associated with larger 
tumors and a higher histologic grade.

Advances in medical technology have led to continu-
ous improvements in comprehensive individualized 
treatment of breast cancer by combining neoadjuvant 
therapy with surgical treatment. Consequently, there is 
an increasing demand for accurate diagnosis, staging, 
molecular typing, and efficacy evaluation of breast can-
cer [15]. The markers of invasive breast cancer include 
tumor size, histological grade, lymphovascular invasion, 
axillary lymph node metastasis, Ki-67 index, and ER 
and HER2 expression. These indicators serve as crucial 
references for further clinical intervention and prognos-
tic evaluation. Pathologists determine the histological 
grade by evaluating three parameters of invasive breast 

Table 2 Correlation between molecular subtype and peritumoral features in M-IDC[Mean ± SD, IQR, n (%)]
Variables Molecular subtype P

1a(n = 52) 2b(n = 70) 3c(n = 29) 4d(n = 29) 5e(n = 48)
Age in years 53.40 ± 9.26 53.14 ± 9.90 51.52 ± 7.85 52.00 ± 9.63 51.38 ± 9.81 0.760
Tumor size on MRI in cm, 1.75(1.50–2.20) 2.30(1.72–2.75) 2.00(1.70–2.90) 2.20(1.70-3.00) 2.15(1.78–2.70) 0.042
AVS <0.001
Negative 19(36.54) ▴•* 8(11.43) ▴ 3(10.34) 1(3.45) ▴ 1(2.08) ▴

Positive 33(63.46) 62(88.57) 26(89.66) 28(96.55) 47(97.92)
FBE <0.001
Negative 40(76.92) ▴•* 33(47.14) ▴ 17(58.62) 10(34.48) ▴ 14(29.17) ▴

Positive 12(23.08) 37(52.86) 12(41.38) 19(65.52) 34(70.83)
BPS <0.001
1 19(36.54) ▴•* 8(11.43) ▴ 3(10.34) 1(3.45) ▴ 1(2.08) ▴

2 21(40.38) 25(35.71) 14(48.28) 9(31.03) 13(27.08)
3 8(15.38) ▴* 30(42.86) ▴ 12(41.38) 13(44.83) ▴ 26(54.17) ▴

4 3(5.77) 5(7.14) 0(0.00) 3(10.34) 4(8.33)
5 1(1.92) 2(2.86) 0(0.00) 3(10.34) 4(8.33)
Histologic grade <0.001
I/II 50(96.15)▴▿•* 48(68.57)•* 16(55.17) ◪* 9(31.03) ◪▴ 8(16.67) ◪▴▿

III 2(3.85) 22(31.43) 13(44.83) 20(68.97) 40(83.33)
LVI status 0.571
Negative 31(59.62) 36(51.43) 18(62.07) 20(68.97) 28(58.33)
Positive 21(40.38) 34(48.57) 11(37.93) 9(31.03) 20(41.67)
ALN status 0.347
Negative 33(63.46) 43(61.43) 19(65.52) 24(82.76) 31(64.58)
Positive 19(36.54) 27(38.57) 10(34.48) 5(17.24) 17(35.42)
Statistically significant p-values are bolded

1a: Luminal A-like, 2b: Luminal B-like (HER2-negative), 3c: Luminal B-like (HER2-positive), 4d: HER2 positive (non-luminal), 5e: Triple-negative

compare with Luminal A-like: ◪P<0.05, compare with Luminal B-like (HER2-negative): ▴P<0.05, compare with Luminal B-like (HER2- positive): ▿P<0.05, compare with 
HER2 positive (non-luminal):•P<0.05, compare with Triple-negative: *P<0.05
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Fig. 4 A grade II invasive ductal carcinoma of the left breast, Lumina A type, 1.1 × 0.8 × 0.6 cm3 in size, no lymphovascular invasion, negative incisal 
margin, and no metastasis in sentinel lymph nodes. Preoperative MRI showed a mass in the upper quadrant of the left internal breast, demonstrating 
isointense signals and no focal edema on T2W-SPAIR images (a-d), with absence of adjacent vascular signs on EDCE and MIP images (e, f ). Postoperative 
pathology showed: invasive ductal carcinoma (HE staining ×100, g), and ER strongly positive (immunohistochemistry staining ×100, h) in tumor cells 
amplified by EnVision method, the source of antibody: Gene Tech (Shanghai) Conpany Limited

 

Fig. 3 A grade III triple-negative invasive ductal carcinoma in the left inner lower breast quadrant, 2.5 × 2.1 × 1.5 cm3 in size, no lymphovascular invasion, 
negative incisal margin, and no metastasis in sentinel lymph nodes. Preoperative MRI showed a mass in left inferior internal breast quadrant, demonstrat-
ing isointense signals and focal breast edema(peritumoral edema and prepectoral edema) on T2W-SPAIR images (a-d), with positive adjacent vascular 
signs on EDCE and MIP images (e, f ). Postoperative pathology showed: invasive ductal carcinoma(HE staining ×100, g) and ER negative (immunohisto-
chemistry staining ×100, h) in tumor cells amplified by EnVision method, the source of antibody: Gene Tech (Shanghai) Conpany Limited
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cancer: crypt formation, nuclear pleomorphism, and 
mitotic count. It is a direct manifestation of the degree 
of tumor malignancy and has important guiding sig-
nificance for clinical prediction of the prognosis of inva-
sive breast cancer [16]. The presence of lymphovascular 
invasion in breast cancer signifies the development of a 
tumor thrombus within the lymphatic vessels and vascu-
lar system surrounding the lesion. This pathway serves 
as a crucial route for tumor metastasis through blood 
vessels and is associated with decreased long-term sur-
vival and increased recurrence rates [17]. Axillary lymph 
node metastasis, the most common route of metastasis 
in invasive breast cancer, is closely associated with a poor 
prognosis. It is a key determinant in treatment planning 
and prognosis [18]. The Ki-67 index, a marker of cell pro-
liferation, exhibits a significant positive correlation with 
tumor malignancy. Moreover, it plays a crucial role in 
determining treatment strategies for invasive breast can-
cer [19]. The expressions of ER and HER2 play a pivotal 
role in predicting the prognosis of invasive breast cancer 
because they are crucial factors for endocrine therapy 
and targeted anti-HER2 therapy [20, 21].

In our study, we observed a significant association 
between BPS and larger tumor size, higher histologic 
grade, positive LVI, positive ALN metastasis, negative ER 

status, and a higher Ki-67 index in patients with M-IDC. 
Cheon et al. [22] conducted a study with 353 patients 
with breast cancer who underwent radical surgery and 
identified N stage, lymphovascular invasion, and peritu-
moral edema as independent risk factors for local recur-
rence and distant metastasis of invasive breast cancer 
within five years. Other studies have consistently dem-
onstrated that patients with invasive breast cancer older, 
have a higher histological grade, exhibit positive lym-
phatic vascular invasion and axillary lymph node metas-
tasis, express HER2 positively, lack ER expression, and 
display a high Ki-67 index are more likely to present with 
positive signs of FBE [23, 24]. However, many early stud-
ies failed to accurately define the indicators of FBE, and 
the majority did not categorize them [25]. Additionally, 
extensive research has consistently demonstrated the piv-
otal role of angiogenesis in tumor growth and metasta-
sis, with AVS serving as a key indicator for assessing the 
malignancy of breast tumors [11]. In 2021, Harada et al. 
[10] initially established and employed the breast edema 
score (BES) to classify breast edema. Their study revealed 
a positive correlation between the BES grade and both 
progression-free survival and overall survival rates within 
ten years of multidisciplinary treatment for invasive 
breast cancer. Furthermore, high BES values (indicating 
prepectoral edema) may serve as an early symptom of 
inflammatory breast cancer. Our study demonstrated a 
significant and positive association between higher levels 
of BPS (prepectoral edema and subcutaneous edema) and 
indicators of high breast cancer aggressiveness, including 
tumor size larger than 3 cm, histologic grade III, positive 
LVI, positive ALN metastasis, negative ER status, and a 
higher Ki-67 index in patients with M-IDC.Other stud-
ies have indicated a positive correlation between BES 
and the biological aggressiveness of tumors, suggesting 
that higher BES levels are associated with poorer prog-
nosis [26, 27]. Xu et al. [28] reported a significant positive 
correlation between BES and clinicopathological factors 
of biological invasiveness, suggesting that the absence of 
FBE and peritumoral edema may be indicative of a low 
burden of lymph node metastasis (less than three patho-
logically confirmed positive lymph node metastases). 
Conversely, high-grade FBE (prethoracic edema and sub-
cutaneous edema) may be associated with a high burden 
of lymph node metastasis (more than or equal to three 
pathologically confirmed positive lymph node metasta-
ses). We established the BPS to validate the value of the 
BES and address the limitations of relying solely on the 
BES and AVS, thereby enhancing the accuracy of detect-
ing peritumoral features on breast MRI.

Surprisingly, all FBE-positive cases were AVS-positive, 
suggesting that there was a causal relationship between 
the emergence of neovascularization and the formation 
of FBE. These results corroborate the findings of previous 

Table 3 Comparison of prediction performance of three models
model AUC

(95%CI)
Z P value

(vs. CPP)
CPP 0.816

(0.759–0.873)
- -

CPA 0.806
(0.745–0.867)

Z=-0.420 0.674

CPF 0.778
(0.719–0.837)

Z=-2.073 0.038

Statistically significant p-values are bolded

Fig. 5 The ROC curves of three models
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studies, indicating that newly formed vessels exhibit 
diminished robustness owing to an incomplete vascu-
lar structure and abnormal lymphatic drainage [29]. The 
consequent vascular leakage and subsequent cytokine 
release ultimately lead to fluid accumulation within the 
breast tissues [30]. Our findings indicate that AVS may 
underlie the manifestation of FBE, thereby establishing 
a close association among FBE, robust tumor vascular-
ization, and rapid proliferation. Additionally, our study 
demonstrated a significant correlation between tumor 
size and BPS in patients with M-IDC, with larger tumors 
exhibiting higher BPS levels. These findings support the 
notion that large space-occupying tumors tend to elicit a 
mass effect, leading to mechanical obstruction in the sur-
rounding area and resulting in FBE [25].

This study found that a higher BPS grade was associ-
ated with a higher histological grade and Ki-67 index, 
indicating higher malignancy, greater tumor neovascu-
larization, and a greater probability of breast intersti-
tial edema. Both the histological grade and Ki-67 index 
are direct manifestations of tumor proliferation and are 
essential reference indices for clinical prognosis predic-
tion and multidisciplinary treatment decision-making 
[31, 32]. In addition, our study showed that a higher BPS 
grade was associated with a higher rate of lymphovas-
cular invasion. When cancer cells invade or block the 
trunk of the lymphatic vascular system, the collateral 
system transitions to the main lymphatic drainage route 
and prepectoral edema may develop because cancer cells 
further block or invade the vasculature posterior to the 
breast. Subcutaneous edema may be caused by tumor 
emboli blocking the distant skin and subskin lymphatic 
vascular system, resulting in edema and thickening of 
the skin and subskin tissues, indicating advanced cancer 
[33]. Our study also found that the higher the BPS score, 
the higher the probability of positive axillary lymph node 
metastasis. Several studies have confirmed that focal 
edema is independently associated with axillary lymph 
node metastasis, and the higher the grade of edema, the 
greater the burden of lymph node metastasis [34, 35]. 
Therefore, high BPS levels are significantly and positively 
correlated with highly aggressive pathological biomark-
ers, and play a crucial role in predicting disease recur-
rence, metastasis, and long-term prognosis.

Invasive breast cancer is highly heterogeneous and dif-
ferent molecular subtypes have significantly different 
treatment methods, efficacies, and clinical prognoses 
[36]. Among all molecular subtypes, luminal A-like breast 
cancer has the highest incidence, a relatively low degree 
of malignancy, mainly endocrine therapy, and a relatively 
good prognosis. With the advent of anti-HER2 targeted 
drugs, prognosis has greatly improved [37]. However, 
triple-negative breast cancer is the most malignant and 
lethal subtype, prone to recurrence and metastasis [38]. 

Our findings indicate that luminal A-like tumors are 
more likely to present with smaller tumor sizes, lower 
histological grades, and lesions with BPS 1 features. How-
ever, patients with triple-negative and HER2-positive 
M-IDC tended to have larger tumors, higher histological 
grades, and more frequent FBE and AVS. Many previ-
ous studies have confirmed that non-breast focal edema 
is more closely related to luminal A-like breast cancer 
[39, 40], whereas prepectoral and subcutaneous edema 
are more common in triple-negative and HER2-positive 
breast cancer [41, 42]. A comparison of the diagnostic 
efficacy of the different models for luminal A-like breast 
cancer confirmed that the CPP model had the best diag-
nostic performance. Therefore, BPS can more accurately 
reflect the biological aggressiveness of breast cancer and 
is a potentially valuable non-invasive imaging biomarker.

This study had several limitations. Firstly, despite 
implementing observer agreement assessments to eval-
uate AVS and FBE, subjective evaluations may have 
introduced inherent variability. Secondly, non-mass 
enhancements, many confirmed as lesions expressing 
HER2, were excluded from our analysis because of the 
inherent composition of interspersed fatty tissue and 
normal fibroglandular areas, which could potentially 
affect the accuracy of the measurements. The exclusion 
of non-mass enhancements contributed to the small 
number of HER2-positive cases. Thirdly, the single-cen-
ter retrospective study had an insufficient total number 
of cases, and some groups had a small number of cases. 
Fourthly, we excluded cases with preoperative biopsies 
or neoadjuvant therapy, resulting in a limited number of 
cases in the BPS4,5 group.

In conclusion, BPS has the potential to serve as a valu-
able biomarker for assessing the aggressiveness of breast 
cancer. We anticipate further multicenter and prospec-
tive studies utilizing artificial intelligence methods to 
delve deeper into peritumoral features.
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