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Abstract: [ Objective] To determine the value of MRI blooming sign in differentiating benign and malignant small
breast masses and investigate its radiologic—pathologic correlation.[Methods] This retrospective study included 554 small
breast masses (291 malignant and 263 benign) which were < 2 ¢cm and validated by pathology analysis between June 2016
and September 2020. All 554 patients underwent breast MRI. The clinical characteristics and MR features were analyzed.
Univariate and multivariate regression analysis were performed to identify the independent risk factors of breast cancer.

Two diagnostic models were constructed based on independent risk factors (model 1 included blooming sign and model 2
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didn’t). ROC curve was used to evaluate the diagnostic performances of the two models. The histological changes of peritu-

moral tissues in all small masses were analyzed.[ Results] The blooming sign was positive in 199 cases (68.4%) of the ma-

lignant masses and 25 cases (9.5%) of the benign ones (P<<0.05). Univariate and multivariate regression analysis showed

that age, lesion diameter, margin, ADC value, time signal intensity curve type and blooming sign were independent risk
factors for breast cancer. Odds ratio were 1.065, 4.515, 2.811, 0.013, 3.487 and 13.894, respectively. Their correspond-
ing 95%CI were (1.034, 1.097), (2.368, 8.608), (1.954, 4.045), (0.004, 0.049), (2.087, 5.826) and (7.026,

27.477) , respectively. The diagnostic performance of model 1 (blooming sign included) was better than that of model 2

(blooming sign not included; AUC: 0.938 vs 0.897, P < 0.05). Histopathological analysis showed that the blooming sign

was related to peritumoral lymphocyte infiltration and vascular proliferation.[ Conclusions] MRI blooming sign is helpful for

distinguishing breast cancer from benign masses. The correlated histopathological basis may be peritumoral lymphocyte in-

filtration and neovascularization.

Key words: magnetic resonance imaging; blooming sign; small breast masses; benign and malignant; histopathology
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Table 1 Pathological types of small breast masses

Pathological types n(%)

Benign (n=263)
Fibroadenoma 114(43.34)
Lobular hyperplasia 9(3.42)
Cyst 43(16.35)
Intraductal papilloma 61(23.19)
Benign phyllodes tumor 13(4.94)
Mammary gland disease 23(8.75)

Malignant (n=291)
Nonspecific invasive carcinoma 203(69.76)
Invasive micropapillary carcinoma 22(7.56)
Invasive lobular carcinoma 18(6.19)
Ductal carcinoma in situ 17(5.84)
Mucinous carcinoma 31(10.65)

MR 2 B AR IR (48.6+10.5) % K T R L4
(42.2+10.7) % (1 = -6.948,P < 0.001; £ 2), MEpf
AL (14.844.3)mm KT R4 (9.5+4.5) mm (¢ =
-14.199,P < 0.001;%2).
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Table 2 Comparison of the clinical and MRI characteristics between benign and malignant small breast masses

Characteristics Benign(n=263) Malignant(n=291) /X P
Agelyears 42.2+10.7 48.6+10.5 -6.948 <0.001
Menopausal status 2.960 0.085
Premenopausal 70 97
Postmenopausal 193 194
Lactation history 2.462 0.117
Absent 31 23
Present 232 268
Size/mm 9.5+4.5 14.8+4.3 -14.199 <0.001
Tumor location 8.090 0.088
Outer upper quardrant 68 50
Outer lower quadrant 57 82
Inner upper quadrant 57 69
Inner lower quadrant 41 51
Central area 40 39
Margin 158.209 <0.001
Sharp 167 60
Lobulated 81 89
Spiculated 14 55
Lobulated & Spiculated 1 87
Shape 1.822 0.177
Round & oval 197 203
Irregular 66 88
ADC value/(x10 mm?/s) 1.38+0.31 1.11+0.19 11.930 <0.001
T,WI 0.751 0.687
Low 36 35
Medium 8 12
High 219 244
Internal enhancement pattern 60.117 <0.001
Absent 43 3
Homogeneous 132 121
Heterogeneous 88 167
TIC type 121.883 <0.001
Persistent 55 31
Plateau 186 109
Washout 22 151
Blooming sign 198.847 <0.001
No 238 92
Yes 25 199
FGT 0.046 0.829
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A
Characteristics Benign(n=263)  Malignant(n=291) %% P
A&B 67 71
C&D 196 220
BPE 0.393 0.531
Minimal & mild 189 216
Moderate & marked 74 75

FGT: Fibro glandular tissue composition; BPE: Background parenchymal enhancement.
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A 45-year—old woman with left breast pain during menstrual period for about 3 years. A=C: Blooming sign. The 1%, 3" and 6" post—contrast images

of dynamic contrast—enhance showed that the margin of the mass was sharp in early phase, and gradually blurred and expanded in the delay phase, espe-

cially in the 6" phase (white arrow). D: Subtraction image (6" phase minus 1" phase) showed that the peritumoral area illustrated delayed enhancement

(white arrow). E: Time-signal intensity curve showed washout curve in tumor area and persistent curve in peritumoral area. F: Pathological image

showed a nonspecific invasive carcinoma, surrounded by a large number of inflammatory cell (green arrow ), fibrous tissue hyperplasia and neovascular-

ization (black arrow, HE:X100).

1 HFEMEFHMEE 1 MRIFRIL K HEE &
Fig. 1 MRI features and pathological change in patient 1 with positive blooming sign
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A 44-year—old woman with left breast mass in breast cancer screening. A—C: Blooming sign. The 1%, 3" and 6" post—contrast images of dynamic

contrast—enhance showed that the margin of the mass was sharp in 1" phase and gradually blurred and expanded in the delay phase, especially in 6"

phase (white arrow). D: Subtraction image (6" phase minus 1" phase) showed that the peritumoral area illustrated delayed enhancement (white arrow). E:

Time—signal intensity curve showed platform type in tumor area and persistent type in peritumoral area. F: Pathological image showed a nonspecific in-

vasive carcinoma, surrounded by a certain number of inflammatory cell (green arrow), fibrous tissue hyperplasia (HE:x100).

B2 HEMEMMEE2MRIRARFEE K

Fig.2 MRI features and pathological images in patient 2 with positive blooming sign
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Table 3 Multivariable logistic regression analyses

Variables b S, Wald y’ P OR OR 95%CI
Constant -4.703 1.149 16.757 <0.001 0.009

Age 0.063 0.015 17.659 <0.001 1.065 1.034, 1.097
Size 1.507 0.329 20.959 <0.001 4515 2.368, 8.608
Margin 1.034 0.186 31.001 <0.001 2811 1.954, 4.045
ADC value 4310 0.657 43.079 <0.001 0.013 0.004, 0.049
TIC type 1.249 0.262 22.747 <0.001 3.487 2.087, 5.826
BS 2.631 0.348 57.207 <0.001 13.894 7.026, 27.477
Internal enhancement pattern 0.389 0.257 2292 0.130 1.476 0.892, 2.442

Multivariable analysis was performed by using the variables showing a P value <<0.05 at univariable analysis; TIC: time signal intensity

curve; BS: blooming sign.
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A 52-year—old woman with left breast mass in breast cancer screening. A—C: No blooming sign. The 1, 3" and 6" post—contrast images of dynamic

contrast—enhance showed that the margin of the mass was smooth and clear, without peritumoral delayed enhancement (white arrow). D: Subtraction im-

age (6" phase minus 1" phase) showed no delayed enhancement in the peritumoral area (white arrow). E: Time—signal intensity curve showed platform

type in tumor area and persistent type in peritumoral area. F: Pathological image showed a fibroadenoma, surrounded by fibrous tissue hyperplasia, a

small amount inflammatory cells (green arrow, HE:X100).

B3 HEMERMEE MRIRIKFEE K

Fig. 3 MRI features and pathological images in a patient with negative blooming sign
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Table 4 Histopathologic changes of peritumoral area between BS positive and negative masses [n(%) ]
Peritumoral changes Blooming sign X P
+ (n=236) - (n=318)
Lymphocyte infiltration 149.345 <0.001
None 0(0) 67(21.1)
Small amount 90(38.1) 202(63.5)
Abundant 146(61.9) 49(15.4)
Fibrous tissue hyperplasia 0.013 0.910
Small amount 79(33.5) 105(33.0)
Abundant 157(66.5) 213(67.0)
Neovascularization 84.284 <0.001
No 131(55.5) 285(89.6)
Yes 105(44.5) 33(10.4)
Bleeding 0.015 0.902
No 202(85.6) 271(85.5)
Yes 34(14.4) 47(14.5)
Cystic 0.028 0.866
No 214(90.7) 287(90.3)
Yes 22(9.3) 31(9.7)
Nescosis 0.034 0.854
No 190(80.5) 258(81.1)
Yes 46(19.5) 60(18.9)
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