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Abstract: Objective To develop and validate a predictive model for neoadjuvant chemotherapy response in
locally advanced breast cancer based on magnetic resonance imaging (MRI) parameters and multimodal ultrasound.
Methods A retrospective analysis was conducted on data from 238 patients with locally advanced breast cancer who
were treated at the 940 Hospital of the Joint Service Support Force of the Chinese People's Liberation Army from
January 2019 to May 2023. They were randomly divided into the training set (167 cases) and the internal validation
set (71 cases). Another retrospective analysis was conducted on data from 66 patients with locally advanced breast
cancer who were treated at the same hospital from June 2023 to June 2024 for external validation. Patients
underwent surgical resections after neoadjuvant chemotherapy, and the pathological complete response (pCR) was
analyzed. MRI and multimodal ultrasound examinations were performed before and after neoadjuvant chemotherapy
to analyze factors influencing the therapeutic response in patients with locally advanced breast cancer. Based on MRI
parameters and multimodal ultrasound features, a predictive model for neoadjuvant chemotherapy efficacy was
developed and validated. Results Thirty-nine cases (23.35%) reached pCR in the training set, and 16 (22.54%) and
16 cases (24.24%) reached pCR in the internal validation set and the external validation set, respectively. The
proportion of stage III tumors, the change in PI (API), post-chemotherapy TTP, change in TTP (ATTP), post-
chemotherapy ADC, and change in ADC (AADC) were all significantly higher in the pCR group than in the non-
pCR group (P < 0.05), whereas the post-chemotherapy PI was significantly lower in the pCR group (P < 0.05).
Multivariable stepwise Logistic regression analysis revealed that stage III tumors [OAR = 4.627 (95% CI: 1.582,
13.538) ], high AADC [OAR = 4.371 (95% CI: 1.494, 12.788) ], and high API [OAR = 3.785 (95% CI: 1.294,
11.073) ] were all risk factors affecting the effect of neoadjuvant chemotherapy in locally advanced breast cancer
(P < 0.05). Influencing factors were used as predictor variables to establish a nomogram prediction model, with the
predicted risk ranging from 0.08 to 0.56. The calibration curve of the nomogram model for predicting the efficacy
of neoadjuvant chemotherapy in patients with locally advanced breast cancer closely approximated the ideal curve
(P > 0.05). In the training set, the ROC curve analysis showed that the nomogram had a sensitivity of 79.94% (95%
CI: 0.673, 0.887), a specificity of 78.66% (95% CI: 0.676, 0.873), and an area under the curve (AUC) of 0.823
(95% CI: 0.751, 0.913). In the internal and external validation sets, the model demonstrated sensitivities of 82.67%
(95% CI: 0.711, 0.917) and 79.13% (95% CI: 0.681, 0.878), specificities of 79.25% (95% CI: 0.682, 0.879) and
83.19% (95% CI: 0.715, 0.923), and AUCs of 0.874 (95% CI: 0.779, 0.983) and 0.867 (95% CI: 0.754, 0.962),
respectively, indicating good diagnostic performance of the model. Conclusion Tumor stage, change in ADC, and
change in PI are associated with the efficacy of neoadjuvant chemotherapy in patients with locally advanced breast
cancer. The predictive model for treatment response constructed based on these factors demonstrates good
performance.

Keywords: breast cancer; magnetic resonance imaging; multimodal ultrasound; neoadjuvant chemotherapy

B B ALY 2 S ATE T R TR G 400 L R e )
WIEZ—, T TR, A BT 5% 40/
g A ER, AT R Ji 2 1 T AR A 7 B 3 B 4 1 2%
PRI Ry S G ) L g ORI Bl B AT S A T ok
F) 5 B 58 4 2% i (pathological complete response,
pCR), BHE TR B AEFZ T, BRERA
A= 2O Mg MR ARk, HER M
SEMPPERAF . ML G AR A, MRIGE SRS
Mo AR bR B B L ORUNFITR B, R R AR A
) — BE G/ Y kb iR IR, O PR R LR B
FHLFERT, B EEMES . BEERSEL
R R A [ P W PR PH A I, i %

A 25 R PR A AT SRS 9 A Ak R IR S I 30
FLIE B MR R AE . R HE LS WS R, A
B T i g J 8 6 300 <Pt o B O A S8R A o
BT HE AT B2 5T MRIZH, 2858
R S R S I A0 <P R T B A SR 1 A
R 36 UE B AH S HiE o AW T LAY T o T B A R
S WL ey S 5 U SPL AV Fe Rl B A IR 1) Bl B
o B B .

1 AMETHE

1.1 —fEAR
(o] JB5T 1 43 B 2019 4 1 H—2023 4E 5 H i E AR



%5 16 1] O, S SETREHRIUR SR SRS A R I SL R R B A TR A AR R

iR T 15K 0 R e S A 565 LD O = B Wi 1) 238 101 Jmy
T SR 300 L R R O I PR BORE , FR IR 8 2 BEAL A
oy A gRdE (167 i) FAEREAESE (71 61) o
75 [ B 73 BT 2023 4 6 1 —2024 4F 6 ] A BEiiif Y
66 151 Jay 1S W 1) L I s B 1)l R L DAy A1 46 TIE
o KR AER B Z i dt@ g (No:
202411012)

1.2 MNESHEERIRE

121 gk OFFGE (b ESUR 23U
IRTR RS AE (2019 4E /) ) " Jay S i 40 L At
P S AR FARMT, . N, 807554 B byT R
W E R s @R IRT AR (Karnofsky
performance status, KPS) #¥4r>70 43 ; Q@ FWiit A1
W6 H; @FER=18%; OFHEILITFITFA
DIBRIGIT o

122 Hredrk OF LR RIEFLRE;
Qe 32 80 A 58 BT A B AL y7 s @& I HAb bt
IR YT o

1.3 MRI&RZE

fifi F Discovery MR750 3.0T MRI-DWI (3£ [# GE
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(77.46%) A ik E| pCR. HMEB5EUE4E 66 4] B &
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i, B fbyy 5 TTP, TTP {8 . Fiehikyr s
ADC. ADC ML, X/ 1KK, 25 ES
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PLZE(E . B BALYT S5 TTP . TTP 2518 . ik
J7J5 ADC. ADC 2l ¥ TAE pCR 4L, B Bhikyr
Ja PUEFIEpCR 4 . WL 1~5,

F1 FWARKTRELE

pCR 41 39 522+54 18(46.2) 47+04
JEpCR 4 128  53.7+57 50(39.1) 48+04
t/ X8 -1.456 0.623 -1.366
P 0.147 0.430 0.173

12(30.8) 10(25.6) 12(30.8) 30(76.9)  9(23.1)
58(45.3) 41(32.0) 55(43.0) 110(84.0)  21(16.0)
2,597 0.575 1.852 1.027
0.107 0.448 0.174 0.311

pCRZH 16(41.0)  23(59.0)  27(69.2)  12(30.8)  25(64.1)  14(359)  27(69.2)  12(30.8)  23(59.0)  16(41.0)
JEpCREAL  66(51.6)  62(484)  60(46.9)  68(53.1)  69(53.9)  59(46.1)  74(57.8)  54(422)  60(46.9)  68(53.1)
t/ {8 1.328 5.986 1.263 1.631 1.750
P1Y 0.249 0.014 0.261 0.202 0.186
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ERRETEREER (xxs)

pCR 4 39 60.1+10.9 33.7+52
Ik pCR 41 128 58.4+10.5 39.9+63
t {8 0.877 -5.589
P 0.381 0.000

26.5+3.7 329+5.0 45.6+6.2 128 +2.1

184+25 333=x4.1 425+6.1 8.6+1.3
15.693 -0.505 0.767 15.087
0.000 0.613 0.006 0.000

pCR4H 82=x1.1 9.8+1.2 1.6+0.3 329+54 445+6.4 114+1.6
JEpCRA 79+1.0 9.7+1.1 1.7+03 314 +5.1 426 +6.4 112+14
tH 1.601 0.486 -1.822 1.586 1.623 0.754
P{E 0.111 0.627 0.070 0.114 0.106 0.451
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R3 FWAEFWBLTHESWEREIEIRLE (kPa, xxs)

pCR4 39 158.9 £ 19.6 131.1+17.3 28425 126.5 £ 18.7 116.9 £ 12.9 93+1.0
dEpCR4AL 128 164.4 £ 18.7 136.6 + 16.8 27.7+23 122.0£17.6 1142+ 12.1 9.1x1.1
t{E -1.590 =1.777 1.630 1.377 1.201 1.014
P1H 0.113 0.077 0.105 0.170 0.231 0.311

4 FAFHBUTIEMRIERLEE (cxs)

pCR4 39 1.03 £0.12 1.41+0.21 0.43 £ 0.07 2.18£0.34 1.54+0.23 0.65+0.11
dEpCR4H 128 1.07 £0.14 1.35+0.23 0.33 £0.05 2.24+0.31 1.61 £0.26 0.63£0.1
t{H 1.612 1.454 9.895 1.034 1.510 1.350
P 0.109 0.048 0.000 0.303 0.133 0.179

®5 MANHBWTESLHBEERILE #(%)

pCRZL 39 11(28.2) 13(33.3) 15(38.5) 9(23.1) 22(56.4) 8(20.5) 5(12.8) 29(74.4) 5(12.8) 5(12.8) 28(71.8) 6(15.4)
JEpCREAE 128 31(24.2) 61(47.7) 36(28.1) 14(10.9) 87(68.0) 27(21.1) 10(7.8) 81(63.3) 37(28.9) 12(9.4) 79(61.7) 37(28.9)
X1l 2.619 3.815 4.467 2.945
PAH 0.270 0.148 0.107 0.229

2.3 HmEEEEAZREREB LT RRNEE Logistic [A1 T 4347 (51 AKHEH 0.05, HEBR K K

L5 0 W S L g B B AP AR (pCR =0, 0.10), S5 R o . o o i I WOR =4.627
JEpCR = 1) AR, MR (IBM =0, M (95% CI: 1.582, 13.538) ]. ADC 2% {{f K[OR =
W= 1) BB PL (M) . PL2ZME 4371 (95% CI: 1.494, 12.788) ]. PI2{f K[OR =
(SR ) . & Bh A7 5 TTP (S2IfE) . TTP 2% 3.785 (95% CI: 1.294, 11.073) X2 5 0 J& 5B i
() . Bty e ADC (52 ) . ADC IFLBRIE B B AL IF R B N &R (P <0.05) .
2 (LWE) MALE, #ITZHEEL K6,

®6 HMEEGEHTLRENHE LT HRNE ARES Logistic RS HS4

Jibgei 5341 1.532 0.369 17.237 0.000 4.627 1.582 13.538
ADC {8 1.475 0.331 19.858 0.000 4371 1.494 12.788
Pl {4 1331 0317 17.629 0.000 3.785 1.294 11.073
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