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The value of ultrasound -based nomogram for predicting malignancy in small and non-

parallel breast lesions
LI Qin, DING Zhiying, ZONG Qingqing, LI Ao, DENG Jing’
Department of Ulirasound, the First Affiliated Hospital of Nanjing Medical University , Nanjing 210029, China

[Abstract] Objective: To develop a predictive model based on clinical and ultrasound characteristics for differentiating between
benign from malignant small breast masses with non-parallel growth and classified by the Breast Imaging Reporting and Data System (BI
-RADS)as BI-RADS 4A and 4B, and to evaluate its application value. Methods: For this retrospective study, 327 patients with breast
masses were recruited in the First Affiliated Hospital of Nanjing Medical University from June 2020 to May 2024. These patients were
screened and diagnosed with BI-RADS 4A and 4B classifications by ultrasound, with non-parallel growth and a diameter of <10 mm.
They were randomly divided into a training set (n=229) and a validation set (n=98) at the ratio of 7:3. Logistic regression analysis was
used to identify risk factors for differentiating benign from malignant breast lesions and to construct a diagnostic predictive model. The
effectiveness of the model was evaluated by the receiver operating characteristic (ROC) curve and the decision curve analysis (DCA).
Results: Among the 327 cases, 36.1% (118/327) were malignant. Univariate and multivariate logistic regression analyses identified
age, margin, elasticity assessment, and US-BI-RADS classification as independent risk factors for malignant masses. A diagnostic
model incorporating these four variables was established and presented as a nomogram. The area under curve (AUC) of the ROC was

0.846 and 0.798 for the training and validation sets, respectively. DCA confirmed that the model” s prediction of the risk of benign and
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malignant masses could benefit patients. Moreover, risk stratification based on nomogram-calculated risk scores for all patients showed

that those with risk scores =0.7 (top 20% ) were classified as high-risk, while those with scores <0.1(bottom 20%)were classified as low

-risk, with malignant rates of 8.8% and 82.1% , respectively. Conclusion: The predictive model constructed based on clinical and

ultrasound characteristics effectively differentiates benign from malignant small breast masses of BI-RADS 4A and 4B categories with

non-parallel growth. Risk stratification based on nomogram-calculated risk scores indicates a malignant rate of only 8.8% in the low-

risk group and 82.1% in the high-risk group, demonstrating significant clinical value.

[Key words] breast tumor; ultrasound; BI-RADS; predictive model; nomogram
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Table 1 Comparison of clinical and ultrasound features between the training and validation sets

Training set(n=229) Validation set(n=98) P
Age(years,x +s) 475+ 11.5 474 £10.7 0.944
Menopausal status[n(%) ] 0.518
Pre-menopause 144(62.9) 66(67.3)
Post-menopause 85(37.1) 32(32.7)
Maximal diameter(mm,x + s) 7.86 £ 1.59 7.77 £ 1.65 0.646
Echo pattern[n( %) ] 1.000
Hypoechoic 221(96.5) 95(96.9)
Non-hypoechoic 8(3.5) 3(3.1D
Shapel[n(%) ] 1.000
Regular 41(17.9) 17(17.3)
Irregular 188(82.1) 81(82.7)
Margin[n(%) ] 0.759
Circumscribed 60(26.2) 28(28.6)
Non-circumscribed 169(73.8) 70(71.4)
Posterior features[ n(%) ] 0.418
No posterior features 194(84.7) 79(80.6)
Enhancement 7(3.1) 7(7.1
Shadowing 26(11.4) 11(11.2)
Combined pattern 2(0.9) 1(1.0)
Clacification[ n(%) ] 0.743
No 192(83.8) 80(81.6)
Yes 37(16.2) 18(18.4)
Vascularity[n(%)] 0.877
Absent 48(21.00 23(23.5)
Vessels in rim 64(27.9) 27(27.6)
Internal vascularity 117(51.1D 48(49.0)
Blood flow grade[ n(%) ] 0.726
Grade 0 or 1 128(55.9) 52(53.1)
Grade 2 or 3 101(44.1 46(46.9)
Elasticity assessment[n(%) ] 0.099
Soft 32(14.0) 8(8.2)
Intermediate 74(32.3) 38(38.8)
Hard 90(39.3) 27(27.6)
Missing 33(14.4) 25(25.5)
US-BI-RADS[ (%) ] 1.000
BI-RADS 4A 148(64.6) 64(65.3)
BI-RADS 4B 81(35.4) 34(34.7)
Pathology[n(%) ] 0.288
Benign 146(63.8) 63(64.3)
Carcinoma in situ 12(5.2) 8(8.2)
In situ carcinoma with microinvasion 00> 1(1.00
Invasive carcinoma 71(31.00 26(26.5)

BI-RADS 4 &0 H 2 R Gl ) 4A 4B 5 FL VRS AT DA 3 e A g, (EL R S [R] B  E 3 A
RRAp bk, Folm PR ACEE — B & — TR F 7 8, A e SRR EBIANEIT P . Rk B Bi A 9 2 T



+1182- Moa B R K % R

45 EF 8 HA
202548 A

*2 ETINGERBEERIE EE Logistic B3 7

Table 2 Univariate and multivariate logistic regression analysis of the training set

Univariate analysis

Multivariate analysis

Variable OR(95%CD) P OR(95%CD) P

Age 1.05(1.02-1.08) <0.001 1.05(1.00-1.11)> 0.036
Menopausal status

Pre-menopause Ref

Post-menopause 2.89(1.65-5.10) <0.001 1.66(0.56-5.02) 0.366
Maximal diameter 1.13(0.95-1.34) 0.169
Echo pattern

Hypoechoic Ref

Non-hypoechoic 0.58(0.08-2.57) 0.506
Shape

Regular Ref

Irregular 1.47(0.72-3.16) 0.307
Margin

Circumscribed Ref

Non- circumscribed 3.80(1.87-8.41) <0.001 4.28(1.67-12.33) 0.004
Posterior features

No posterior features Ref

Enhancement 0.31(0.02-1.86) 0.281

Shadowing 1.85(0.81-4.26) 0.142

Combined pattern 1.85(0.07-47.35) 0.665
Calcification

No Ref

Yes 1.24(0.60-2.54) 0.553
Blood flow grades

Absent Ref

Vessels in rim 0.86(0.38-1.97) 0.72

Internal vascularity 1.64 (0.82-3.41) 0.172
Elasticity assessment

Grade O or 1 Ref

Grade 2 or 3 1.13(0.82-1.54) 0.454
Elasticity assessment

Soft Ref

Intermediate 3.16(1.08-11.57) 0.052 3.01(0.88-12.45) 0.097

Hard 7.32(2.61-26.22) 0.001 6.44(1.90-26.72) 0.005
US-BI-RADS

BI-RADS 4A Ref

BI-RADS 4B 8.21(4.49-15.41) <0.001 5.77(2.76-12.50) <0.001

KT 27 2R 2 Wi A XF BI-RADS 4 2 i
BHATH S, B G L2 TR R, Db
TRBAPER ) o T AW F0 5 £ T S R AR P AT AL AR
K/ i e, WA 2 18] SCHR B R0, 31X 2 H HAE— X
X REEFTRIF T AHIT 50 T ) 2 1 000 A
B2 WAL RE T, AUC 1]k 0.846., 12 WA AN AL 57
AN &, BIAERE S 9 LI Z N BI-RADS 4335, % T

FENG R A o AR S BT T IE )2, X
T fa L, A e vk 82.1%, 1AL R Ky BT
A TS ARG, T B AL 8.8%, FILE VI
BEAREY -

B TOIAFAE — AR AL B, X —A
B LT 7T, I H AN TR B2 B, (2R
Z U BI-RADS 4A J& B HAESLPRIm AR P iL#% 1 BE VI



WASHEE M 2 b, TR FENGY, S TR A AR 1 51 A A A 4 0l AP AT AL LR N e R
202548 H BEFAMELT]. Rt BE AR 22 2R CE AR BHERRD , 2025, 45(8): 1178-1185 *1183-
0 10 20 30 40 50 60 70 80 90 100
POiI’]tS L 1 1 1 1 1 1 1 1 1 1
Age r T T T T T T T T T T T T T 1
20 25 30 35 40 45 50 55 60 65 70 75 80 8 90
Not circumscribed
Margin T !
Circumscribed
Intermediate
Elasticity T ! 1
Soft Hard
4B
US-BI-RADS T !
4A
Total p()ints T T T T T T T T T T T 1
0 20 40 60 80 100 120 140 160 180 200 220

Risk of event

0.1 0.2 0.30.40.50.60.7 0.8 0.9

Nomogram to predict the malignancy in patients with small BI-RADS 4A, 4B breast lesions that featured non-parallel orientation on ultrasound.

The nomogram was developed in the training set, which incorporated age, margin, elasticity and US-BI-RADS. The total points were calculated and pro-

jected at the bottom scale indicate the malignancy risk.
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Figure 1 Nomogram to predict the malignancy based on the training set
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A:ROC curve of the nomogram in the training set. B: Calibration curves of the nomogram in the training set, with Hosmer-Lemeshow test showing

P=0.589. C: Decision curve analysis for the prediction model in the training set. D: ROC for nomogram in the validation set. E: Calibration curves for no-

mogram in validation set, with Hosmer-Lemeshow tests showing P=0.206. I: Decision curve analysis for the prediction model in the validation set.
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Figure 2 Evaluation of the effectiveness of the predictive model
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