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Construction of a nomogram for predicting the risk of axillary lymph node metastasis in breast cancer using
multimodal imaging combined with clinicopathological features
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[Abstract] Objective To investigate the application value of a nomogram constructed based on multimodal
imaging consisting of ultrasound (US) , magnetic resonance imaging (MRD) , and mammography (MG) combined
with clinicopathological features for predicting the risk of axillary lymph node metastasis (ALNM) in breast cancer.

Methods A retrospective analysis was conducted on 332 female breast cancer patients who were treated at the Second
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Affiliated Hospital of Harbin Medical University, Linyi People's Hospital in Shandong Province, and Harbin Medical
University Cancer Hospital from 2018 to 2025. All patients were randomly divided into a training set and a validation
set at a ratio of approximately 7: 3. Preoperative multimodal imaging characteristics consisting of US, MRI, and MG
as well as clinicopathological features were collected. Two models were constructed by using Logistic regression
analysis to screen features associated with ALNM: a prediction model based on multimodal imaging and
clinicopathological features (multimodal imaging-clinicopathological model) , and a prediction model based on
multimodal imaging characteristics and clinical data (multimodal imaging-clinical model). Receiver operating
characteristic (ROC) curve, calibration curve and the decision curve analysis were used to evaluate the efficacy of the
nomogram. Result Ill-define tumor margin and absence of the lymph node hilum on US, spiculated margin on MG,
indistinct hilar structure on MRI, and vascular infiltration were independent risk factors for ALNM in breast
cancer (P<C0.05). Multimodal imaging-clinicopathological model for predicting ALNM was constructed based on the
above features, and the area under the ROC curve (AUC) for the training and validation sets was 0.870 (95%CI:
0.824—0.917) and 0.828 (95% CI: 0.744—0.913) , respectively. Ill-defined tumor margin and absence of the lymph
node hilum on US, spiculated margin and calcification on MG, and indistinct hilar structure on MRI were risk factors
for ALNM. Based on these features, multimodal imaging-clinical model was constructed to predict ALNM, with the

AUC of 0.846 (95%CI: 0.797—0.895) in the training set and 0.807 (95% CI: 0.715—0.899) in the validation set.

Conclusion

The nomogram prediction model for breast cancer ALNM based on multimodal imaging and clinical

features has diagnostic performance equivalent to that of the model incorporating pathological features, and has the

potential to provide a reference for clinicians in formulating individualized treatment plans.

[Key words] breast neoplasms; axilla lymph node; nomogram; multimodal imaging
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A 31-year-old female patient with a mass in the upper inner quadrant of the left breast, and pathologically

1

Figure 1

confirmed invasive carcer with ALNM
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Table 1 Clinicopathological features of the training set and validation set
a1 % *rg{g H &5 CEL, Y T 25 il iz (BB, %00 Ji A7 & CH B, 96
[M(QR) . %] g4z KU 2 A fih e AT fiph B fi Vst
PIE RS 232 49.00 (15.25) 95(40.9) 137(59.1) 197(84.9) 35(15.1) 101(43.5) 131(56.5)
LioaniES 100 50.00 (14.00) 46(46.0) 54(54.0) 91(91.0) 9(9.0) 55(55.0) 45(45.0)
Z/yME 0.993 0.538 1.753 3.242
P{E 0.321 0.463 0.185 0.072

15 . i B T 7 52 PR (888, %) Jok g i (&, 26)

Sh EZIR AFRIR W EZRER W R e X [ BRI 44
Ve 232 127(54.7) 26(11.2) 48(20.7) 25(10.8) 6(2.6) 175(75.4) 57(24.6)
LTS 100 58(58.0) 4(4.0) 20(20.0) 14(14.0) 4(4.0) 75(75.0) 25(25.0)
Z/yME — <<0.001
P 0.226" 1.000

a5 - ER(f%, 0) PR(#1%L, %0) HER-2({5 %%, %) Ki-67 (%2, %)

93 14 PR 3 BRI [{GRE3 BRI 44 <14% =14%
V=S 232 46(19.8) 186(80.2) 63(27.2) 169(72.8) 182(78.4) 50(21.6) 67(28.9) 165(71.1)
Lifan S 100 21(21.0) 79(79.0) 25(25.0) 75(75.0) 76(76.0) 24(24.0) 21(21.0) 79(79.0)
Z/yMH 0.009 0.074 0.121 1.841
P1H 0.924 0.785 0.728 0.175
s B2 4 (R, 2%6) a3 F o3 BB %, %)

WP Gk e gt Lumnadam b e e SLE
Pl RS 232 205(88.4) 14(6.0) 13(5.6) 61(26.3) 93(40.1) 32(13.8) 18(7.8) 28(12.1)
LT S 100 92(92.0) 3(3.0) 5(5.0) 18(18.0) 51(51.0) 10(10.0) 13(13.0) 8(8.0)
Z/yME 1.407 7.856
P 0.495 0.097
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Table 2 US features of the training set and validation set
a5 - fif e e R (AR, 90 JE R (%L, 76O R, 76O
[M(QR) ,mm] <1 >1 o RHL 5 I ENL]
Pl 232 18.00(11.25) 191(82.3) 41(17.7) 29(12.5) 203(87.5) 85(36.6) 147(63.4)
B E A 100 20.00(12.50) 77(77.0) 23(23.0) 12(12.0) 88(88.0) 30(30.0) 70(70.0)
Z/yMH 1.879 0.955 <£0.001 1.083
P1H 0.060 0.328 1.000 0.298
. [CEEACE L) CDFI(fi%k, %) WRETT(BIEL, %)
4151 11 %% - -
o5 f 0~ 1% I~ %% FHAE Tk 3793
pllE RS 232 132(56.9) 100(43.1) 133(57.3) 99(42.7) 59(25.4) 27(11.6) 146(62.9)
LORTIR S 100 56(56.0) 44(44.0) 48(48.0) 52(52.0) 27(27.0) 21(21.0) 52(52.0)
Z/yME 0.001 2.090 5.703
P 0.976 0.148 0.058
. IR G I S AR Al (%, %) R BE (B8, %)
4151 1%
<2 =2 R <3 mm >3 mm RIR K
Ve 232 52(22.4) 34(14.7) 146(62.9) 36(15.5) 50(21.6) 146(62.9)
B uE A 100 32(32.0) 16(16.0) 52(52.0) 20(20.0) 28(28.0) 52(52.0)
Z/yMH 4.022 3.469
P{i 0.134 0.176
a5 Bis W 2R (5L, %)
LA 2154 AR I R
LS 232 55(23.7) 18(7.8) 13(5.6) 146(62.9)
IR 100 32(32.0) 10(10.0) 6(6.0) 52(52.0)
Z/yME 3.670
P 0.299
#3 IZEE5WIEEM MRIFHE
Table 3 MRI features of the training set and validation set
a3 - i e /I 4 JR AR LU CBIR YD S R AL R EE (B EL, %0
[M (QR) ,mm] atil b el d e > R g Gl
Ve 232 18.00(10.00) 5(2.2) 52(22.4)  148(63.8)  27(11.6) 14(6.0) 136(58.6) 74(31.9) 8(3.4)
Y EAE 100 20.00 (11.25) 2(2.0) 24(24.0)  55(55.0)  19(19.0) 5(5.0) 62(62.0) 28(28.0) 5(5.0)
Z/yME 1.924 — —
PAH 0.054 0.282" 0.785"
a5 - Ji BOBAR (B, %) fi He it B CBIKL, %) TIC £ (%, %)
L AR i Wi AN AR THE o
LS 232 72(31.0) 160(69.0) 59(25.4) 173(74.6) 19(8.2) 91(39.2) 122(52.6)
I uE4E 100 31(31.0) 69(69.0) 28(28.0) 72(72.0) 14(14.0) 33(33.0) 53(53.0)
Z/yMHE <£0.001 0.124 3.101
P 1.000 0.725 0.212
) SRR AT (%, 26) S AL REAE (B8, %0) N REST R LTI 254 (1%, 26)
415 145 - - - -
e i e e Ji e e %5 ALy g [M(QR), mm] H T
I A4k 232 28(12.1) 204(87.9)  37(15.9)  160(69.0)  35(15.1) 7.00 (4.00) 184(79.3) 48(20.7)
AT S 100 14(14.0) 86(86.0)  13(13.0)  69(69.0)  18(18.0) 8.00 (4.00) 70(70.0) 30(30.0)
Z/ME 0.093 0.775 1.945 2.872
P1H 0.760 0.679 0.051 0.090
all oG T s b Y < BIZE S35 1A 27 S IR AR 4140 5 0 B R34 50 4 A (1 41 E MR PR A1 20 5 d Y« B30 27 A R AR 4140572 13 Fisher RS B HE 3R 0%
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Table 4 MG features of the training set and validation set
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Figure 2 The nomogram for predicting the risk of ALNM in breast cancer
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Figure 3 Comprehensive performance evaluation of the nomogram model
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Table 5 Multivariate Logistic regression analysis of the MICP model for the prediction of ALNM in the training set

A5 4k Ml = F % PRI R Wald y*{i P OR 95% CI
US-fil e i 0.788 0.388 4.128 0.042 2.20 1.03~4.70
US-k L] 0.697 0.293 5.653 0.017 2.01 1.13~3.56
MG-E i iE 1.439 0.368 15.334 0.001 4.22 2.05~8.68
MRI-ifk EL 1] 454 2.435 0.555 19.255 <<0.001 11.42 3.85~33.89
Jok A 12 1.973 0.424 21.637 <<0.001 7.19 3.13~16.51
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Table 6 Multivariate Logistic regression analysis of the MIC model for the prediction of ALNM in the training set

As i VEEX T o 15 Wald y*# P OR{H 95%CI
US-ipdein 5t 0.862 0.356 5.849 0.016 2.37 1.18~4.76
US-tke ] 0.682 0.272 6.273 0.012 1.98 1.16~3.37
MG-$51L 0.792 0.346 5.237 0.022 2.21 1.12~4.35
MG-E HlfiE 1.461 0.344 18.063 <0.001 4.31 2.20~8.46
MRI-HELT] 2.373 0.533 19.812 <0.001 10.73 3.77~30.50
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Figure 4 Boxplot comparison of predicted probability distribution between the MICP model and the MIC Model
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