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Early prediction of neoadjuvant chemotherapy response in triple-negative breast cancer based
on clinical-ultrasound fusion model of ultrasound parameter changes
ZHANG Yang, WANG Ji-hua, ZHANG Li-chun
(Department of Ultrasound , the First Hospital of Qigihar City, Heilongjiang Province, Qigihar 161000, China)

[Abstract] Objective To construct and verify a clinical-imaging nomogram model of pathological complete
response (pCR) after neoadjuvant chemotherapy for triple-negative breast neoplasmsr (TNBC) by integrating the
changes of ultrasound parameters and routine clinical parameterrs. Methods A total of 207 TNBC patients admitted
to the First Hospital of Qiqihar City from September 2021 to January 2023 were selected as the modeling set.
According to whether pCR was obtained after neoadjuvant chemotherapy, they were divided into pCR group (n=72)
and non-pCR group (n=135). Another 90 patients treated from February 2023 to May 2023 were selected as the

validation set for prospective cohort validation. Baseline data, ultrasound, combined positive score (CPS) of
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programmed death ligand 1 (PD-L1) and insulin-like growth factor 1 receptor (IGF-1R) were compared between pCR
group and non-pCR group. Least absolute shrinkage and selection operator (LASSO) regression analysis was used to
screen the pre-variables of pCR after neoadjuvant chemotherapy for TNBC. Multivariate Logistic regression analysis
was used to determine the predictors of pCR after neoadjuvant chemotherapy for TNBC, the prediction model was
constructed and its clinical practicability was verified. Results The distribution of T stage in pCR group was better
than that in non-pCR group, and the proportion of lymph node metastasis was lower than that in non-pCR group;
AD (the change rate of tumor length after 2 cycles of neoadjuvant chemotherapy), AS (the change rate of lymph node
size after 2 cycles of neoadjuvant chemotherapy) , CPS score, the proportion of IGF-1R positive patients and the
proportion of patients with moderate and high differentiation were higher than those in non-pCR group, while nuclear-
associated antigen 67 (Ki-67) was lower than that in non-pCR group (P<C0.05). AS (OR=0.664, 95%CI: 0.452—
0.974> , AD (OR=0.507, 95%CI: 0.319—0.806) , IGF-1R (OR=0.543, 95%CI: 0.380—0.775) , and CPS
score (OR=0.485, 95% CI: 0.276—0.853) were predictors of pCR after neoadjuvant chemotherapy for TNBC (P<C
0.05). The consistency index of the pCR prediction model for TNBC after neoadjuvant chemotherapy, constructed
based on this, was 0.803. The area under the curve (AUC) of the model in the modeling set and validation set was
0.803 (95% CI: 0.744—0.863) and 0.844 (95%CI: 0.764—0.924) , respectively. The calibration curve and clinical
decision analysis curve showed that the model had excellent predictive ability and good clinical practicability in both the
modeling set and the validation set, and the predictive efficacy of the model in different chemotherapy regimens and
TNM staging subgroups remained stable. Conclusion AS, AD, IGF-1R, and CPS score are predictors for pCR after
neoadjuvant chemotherapy for TNBC. The predictive model established based on these factors has high discrimination
and calibration, as well as good predictive efficacy and clinical applicability, and can provide a reference for clinical

screening of patients who may benefit from neoadjuvant chemotherapy.
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Table 1 Comparison of baseline data, ultrasound, CPS score, and IGF-1R between the modeling set and the validation set
) o 25 CE, 760D T 43 (L, %)
415 % RS, 2D
e i T1 T2 T3 T4

HAR AR 207 50.134+13.52 88(42.51) 119(57.49) 12(5.80) 55(26.57) 129(62.32) 11(5.31)
Lifan S 90 48.99+12.60 44(48.89) 46(51.11) 7(7.78) 26(28.89) 55(61.11) 2(2.22)
/U E 0.681 1.033 0.899
P 0.496 0.309 0.369

15 % L SRS (%R, 20) SRR (1%, 20) 97 77 % (%L, 70) BMI(Z-s)

£ ¥ w51 s sk TAC

ARG 207 114(55.07) 93(44.93) 103(49.76) 104(50.24) 114(55.07) 93(44.93) 23.73+1.27
B FE 4 90 52(57.78) 38(42.22) 40(44.44) 50(55.56) 43(47.78) 47(52.22) 23.56+1.18
/4 UE 0.186 0.710 1.340 1.083
P{E 0.666 0.400 0.247 0.280

a3 % Ki-67 454 CPS P/} A AD B AS IGF-IR(fil%% ., %)

(x+s) (T4s,47) (x+s) (r=+s) iaR R B 44

AL 207 34.69411.08 14.04+4.67 26.6748.59 27.0349.00 100(48.31) 107(51.69)
LTS 90 32.50410.74 13.75+4.59 25.5147.93 28.66+8.72 48(53.33) 42(46.67)
/¥ /UM 1.580 0.494 1.094 1.448 0.633
P{E 0.115 0.621 0.275 0.149 0.426

2.2 HAAE N pCRA IE pCR 4 19 B £ % kL L
M CPSTES IGF-IR b4 pCRAL T 43 0 i i
THE pCR A, Wk 455 % 5 AL T 9k pCR 41,

AD. AS. CPSiE4r. IGF-IRFHMEREHZ Sk . &
L e TR pCR 4L, Ki-67 f% Tl pCR
4l (P<0.05). W72,

F2 BEEPpCRA.FpCRAMELEZR BHE.CPSHEL.IGF-1RILE
Table 2 Comparison of baseline data, ultrasound, CPS score and IGF-1R between pCR group

and non-pCR group in the modeling set

) Y 25 (1K, Vo) W T 45 5 7% (EL, V00
250 BI%C AR (TEs, %) BMI(z+35)
7 2 I H
pCR 4l 72 48.96412.14 23.814+1.05 43(59.72) 29(40.28) 46(63.89) 26(36.11)
EpCR4L 135 50.75410.19 23.68+1.13 76(56.30) 59(43.70) 47(34.81) 88(65.19)
Uy UE 1.125 0.808 0.226 16.042
P 0.262 0.420 0.635 <20.001
a3l - IR (%, %) I7 Jr % (B%e, %) Ki67(r b o) c_PsW»/ﬁ IGF-1R(#il %, %)
1% 431k s ok TAC TP (x£s,51) B 9k
pCR 4 72 25(34.72)  47(65.28)  38(52.78) 34(47.22)  30.57+10.18 18.45+5.83  44(61.11) 28(38.89)
JEpCRZ4L 135 83(61.48)  52(38.52)  76(56.30) 59(43.70)  36.89+11.50 11.6943.74  56(41.48)  79(41.48)
¥ UE 13.475 0.235 3.915 10.129 7.246
Pl <£0.001 0.628 <0.001 <0.001 0.007
T (BK, %)
2 51 1% A AD(Z+s) A AS(TEs)
T134 T2 T334 T4
pCR 2 72 9(12.50) 25(34.72) 37(51.39) 1(1.39) 35.98410.25 33.0249.79
JEpCRZ4L 135 3(2.22) 30(22.22) 92(68.15) 10(7.41) 21.7047.22 23.84+7.91
/¥ UE 3.281 11.657 7.308
PH 0.001 <0.001 <0.001
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=N
AR,

BIAS. AD. IGF-1R. CPS#E4y, WHE 1,



b = A 3 S A N <=3 HATE HAW e 399 -

N ENEs, AS. AD. IGF-1R. EHZE (P<0.05). WL3FES3,
CPS ¥4 2 TNBC 3 4l B4k 57 J5 pCR 1 5 (19 41 5%

6 5 4 4 3 1 0 6655555444444333321110
0.5} 1.41 :
0.0f———— " L3
' L2
-0.5F
= Ell
h / &
“Lor Lol
2 N I
/ o. o L[
-1.5¢
—— 0.8)
-7 6 -5 -4 -3 -2 -1 -7 6 -5 -4 -3 -2 -1
Log (\) ® Log (W)

B 1 LASSO[EF4#
A BB TR R BN A R W R ECE A B AR R B E
Figure 1 LASSO regression analysis
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Table 3 Multivariate Logistic regression analysis of pCR after neoadjuvant chemotherapy for TNBC

A IEEX Fo o 1% Wald *{i P OR{H 95%CI
AS -0.410 0.164 6.250 0.012 0.664 0.481~0.915
AD -0.679 0.158 18.468 <0.001 0.507 0.372~0.691
IGF-1R -0.611 0.171 12.767 <0.001 0.543 0.388~0.759
CPS ¥4 -0.723 0.149 23.545 <0.001 0.485 0.362~0.650
A 8.258 0.082 15.204 <0.001 — —

2.4 WMIBLARGES T AS. AD, IGF-1R, Sr3m, q4E pCR AR Z W F MK ; IGF-1R BHE & 1%
CPS 432l TNBC i Bi b7 )5 pCR A WAL AR AE pCR HE R, 3% 455 0 49 — 2k 48 50 0. 803,
B (pCR=0, JEpCR=1), BE#HE AS. AD. CPSF WIE 2,
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Figure 2 Construction of prediction model
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Figure 3 ROC curves of the training and validation sets
1.0 LI L L L L T P 1.0 P
0.8F 0.8} /,/
X 0.6 0.6
Eoaf e 0.4f /
= {% ~ haikihZe
— SepriiZl
0.2 0.2 — Rl
0.0 0.‘ 2 0.I4 0.‘6 0.‘8 1.0 0.0 0.‘ 2 0.I4 0.‘6 0.‘8 1.0
B E B R ®» ®w B B
B4 BEEMWIEENREMZL
AL R B BEAR
Figure 4 Calibration curve of the training and validation sets
0.4F 0.4F
0.3} 0.3 — &
X bE —%x
ﬁ s — R
Zo.2 i}; 0.2+
#® 0.1 2 0.1F
0.0 \ 0.0F \
0% 25% 50% 5% 100% 0% 25% 50% 5% 100%
b ® b
5 e R R 5K 4 4 i £k

AL BB R

Figure 5 Clinical decision analysis curve
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Table 4 Comparison of model prediction efficacy under different chemotherapy regimens

JE T e I B He 4 v 2
WfiEEE BS AUC 05%CT  HUBIE AR ﬁﬁf Pt %fﬁ P ﬁgﬁfﬁ?
AR 207 0.560"
TACTH % 114 0.822 0.708~0.874 80.26 78.95 0.57 0.785 0.3427 12~35
TP % 93 0.815 0.726~0.904 79.66 76.47 0.59 0.809 0.4177 14~38
YUESE 90 0.675"
TACTH % 43 0.832 0.715~0.949 87.50 76.47 0.61 0.827 0.298" 13~36
TP ) % 47 0.857 0.753~0.961 88.46 86.67 0.60 0.848 0.376" 15~39
"TACTHT % vs. TP, Delong Ki%%  "Hosmer-Lemeshow £
F5 AE TNM 5 B3 T 4 2 710 35 B Eb 32
Table 5 Comparison of model prediction efficacy under different TNM stages
T L T —
At Big AUC 05%CT URIE SRR ﬁﬁf Pl ggt Pl igﬁiﬁ?
LR 207 0.488
TNM 43 #] 11 #] 77 0.826 0.735~0.917 83.45 79.21 0.56 0.819 0.4537 16~39
TNM 41 111 1] 130 0.834 0.718~0.860 80.69 77.58 0.59 0.783 0.386” 11~34
LA 90 0.602°
TNM 53497 11 19 33 0.864 0.752~0.976 87.89 81.76 0.62 0.856 0.285% 17~40
TNM 4311 111 1 57 0.831 0.740~0.922 84.21 78.94 0.61 0.823 0.3397 12~35
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