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[Abstract] Objective: To investigate the factors influencing pathologic complete response (pCR) following neoadjuvant endocrine therapy
in patients with estrogen receptor (ER)-positive breast cancer and to develop and validate a predictive model. Methods: A retrospective study
was conducted on 715 patients with ER-positive breast cancer who received neoadjuvant endocrine therapy and surgical treatment at the
Fourth Hospital of Hebei Medical University between January 2020 and January 2024. Based on postoperative pathological results, the patients
were divided into a pCR group (72 cases) and a non-pCR group (643 cases). The cohort was randomly divided into a training set and a testing
set in a 7:3 ratio, and clinicopathological and laboratory data were collected. Independent risk factors for failure to achieve pCR were identified
using univariate and multivariate logistic regression analyses, and a predictive model was constructed. Model performance was evaluated
using receiver operating characteristic (ROC) curves, calibration curves, and decision curve analysis (DCA) for both the training and testing
sets. Results: There were no significant differences in clinical data between patients in the training set and the test set. In the training set,
there were significant differences between the pCR group and the non-pCR group in terms of the tumor proliferation marker protein Ki-67
index, pre-treatment serum cancer antigen 15-3 (CA15-3) levels, pre-treatment estrogen receptor 1 (ESR1) gene mutation status, pre-treatment

miR-1-3p expression levels, pre-treatment SRY-box transcription factor 9 expression levels, clinical stage, and lymph node metastasis (P <
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0.05). Multivariate logistic regression analysis revealed that the Ki-67 index, pre-treatment serum CA15-3 levels, pre-treatment ESR1 mutation

status, pre-treatment miR-1-3p expression levels, and clinical stage were independent influencing factors associated with failure to achieve

pCR/mon-pCR following neoadjuvant endocrine therapy in patients with ER-positive breast cancer (P < 0.05). A nomogram prediction model

was constructed based on these factors, and validation using ROC curves, calibration curves, and DCA confirmed that the model possesses

good discriminatory power, predictive accuracy, and clinical utility. Conclusion: The nomogram prediction model incorporating factors such

as the Ki-67 index, serum CA15-3 levels, and ESR1 gene mutation status demonstrates good predictive performance for the risk of failing

to achieve pCR following neoadjuvant endocrine therapy in patients with ER-positive breast cancer, and can serve as a reference for clinical

decision-making.
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AN 715 83, i 2 Bk . B[R] iPE IR 2020 45 1 H
22024 4 1 A AGBERE R 5 58 DU 22 Be Wi 1) 715 61
F 5200 B A 23 WA VR 9T B T ARG YT I ER BH M LR
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TE PRI (2) s 4H 234k 24 A8 I f2 7R ER P
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TH CA15-3 7K1 CR A FAb 2 ROt Aar il if i CA15-3
KD VR TT HT ESRI1 JE R RARIRAS CREE B 1R ITHI
i 2 SRR A Sl AR A ESR 1 2 R S AR 1
L, E AN DR O P 23 WA YA T T 24 R O IR A 58
AT, WY S537S.D538G 25 IR YT A miR-1-3p ik
IKP CRAE BB VR T 5 IR 28R AR, R 9% 6 S
JE B I A Wi E 20 B (quantitative real-time PCR, RT-
qPCROERT I miR-1-3p FIE KT, BLU6 AE N A S 4k
RIFEAT FRIEAL. , B 2 45 JE DL 2yt AR R R A D
VAT HT M P2 XY HE 2% 1 9 (SRY-box transcription
factor 9, SOX9) FK ik 7K V- [ K £ f #1677 Hif i I8 2H 23
FEZS , K F THC #4691 SOX9 & 1 2 1k 7K1 , i 4l e (1,
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50%,3 7 = 51%~75%,4 4 = 76%~100%) FAT P57
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Mo 28 d A—ANETT A, tHRIVGTT 4~6 DN . 7
3 A A AR, SR FH LR 75 R 00 22 3 30 75 12 W
1%, % [H GE A 7 , LOGIQ™E9 XDclear 2.0) i3 47 F
flio XF T3 15 Fae HoR Bk B 1 R 3 W R oE
B4R 6 AN AT, 4k 2 HETF ARG YT .
1.2.3 7
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5O B T R . BT R T R bR A R
Pk 2 b 9 A g 4 O BRI TSR WU VR IEAT
STRZHRIN, P4k & 1) (19— B0 SR Kappa £ 56 34T
&, Kappa fH 7 0.85. MR JT 2, # & 43 N pCR 4
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13 %itgam

AT Fiit o A i@t SPSS 26.0 & RiEH
(4.2.1 FRO 5. %4 Kolmogorov-Smirnov £ 56 , FT
THR BRI G IES AT, lx + s Rox, 41 EL R
FABRSTRE A (KT8 5 v E 5 k) UG £ (R s D [ (%)
FooN  2H R LR FH 245 56 51 Fisher R 2R 125

R EZIE pCR RS 520 R 2%, B S b AT F A
R, Tk B A S e (P < 0.0 KA &, b 5
$ g9 N £ [K 2 Logistic IR HEATIR N /08T FE
T2 R Z T FThf e I ASL B R 7, F1LFH R 8 )
“rms” FE AL A AT AR ) F1 42 B TR . Dy 4Tl
VA TN (R 5 e, AR CR I LA T2 < di i 22 )
SARE LAEHRFIE (receiver operating characteristic, ROC)
Mh 2% 45 26 N 1 X Carea under the curve, AUC) , i
AL B [X 73 E 7 s i 2 i R v it 42 37312647 Hosmer-
Lemeshow L& 10 BERG 56 , DAl FILIIABE 26 15 SRl 8¢ 45
TR VB — B 5 i i vk 5 it 2 53 BT (decision curve
analysis, DCA) , BB £E A [5] TR S BRI (1 R 15+
Weas , AL SR bR O 4 BB R BeAs e 1R H
RUMAEES , AP < 0.05 %R 2 7 B A gt 222 o

2 & R

2.1 IEHEE SR E NG R TR

IR 5 MR EETE 4R S W BMIL 46 200 A5 55 45 T
I RFFAE B3I E R (P> 0.05). FEILEK 1.
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IIZEEEH pCR 2H 5 A IE pCR 2 95 27 I PR 43 1
Ki-67 a4 k455742 67 1T LI CA15-3 /K P IaIT
B ESR1 ZE K R4 VA7 Bf miR-1-3p R IE KT & SOX9
FIR IR 7 A 35 72 57 (B P < 0.05) , T 7EH:
flEbs B2 RIS E LY P>0.05), WK 2.
2.3 ERMMEILIRE B F MBI A Db ieI7 B ALK
pCR 89 %k 2 %5 v A & A7

PR S B RN AR &, 43R 2 22 e da s (i
PR3 B Ki-67 1850 Ik EL 455672 IR T AT IE CA15-3 7K
SFJRYTHT ESR1 2[R R4 ¥R T B miR-1-3p FRIA/KF
J SOX9 Tk /KO BN HZE, MENE 3. ZRER
Logistic [A1 )543 #7 45 F 27w, I R 20 33 COR = 3.770,
95%CI:1.601~8.879) .Ki-67 5 2L (OR = 1.168,95%ClI :
1.105~1.235) ¥R 7 1if . iF CA15-3 /K- (OR = 1.120,
95%CI: 1.071~1.170) ¥ 47 Hil ESR1 J& [A R 7% (OR =
5.580,95%CI:1.153~27.009) A ER PH 14 FL e 2535 8
A 20 MG YT 5 AR pCR BT fG K R 2%, VAT i
miR-1-3p FiE/KF-(OR = 0.233,95%CI:0.124~0.438)
S ER P AL BB Wi B N b AT ) A pCR 1)
AT AP R (P<0.05). W3R 4.
24 A TrzHraRE K7 & ERLEME

K RA2.1 5, MR 2 R R Logistic [F1VH 73 Hr 45
FGED, BRMELEEFE(P=0.114) AT HT SOX9 Fik
IKA-(P=0.108) 41, H A8 F 352 ER PR FL e 25
B 4 AT T 5 A IR pCR (1) 4 37 52 Wi [K 25 (33
P<0.05). HCH IR 7 B Ki-67 38 30 V697 AT L7
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CAI15-3 7KF- 3597 3 ESR1 & [K 9848 (V3 97 BT miR-1-3p
FAR KA A 28 BRI AY I A 40 3 TTHAE 0 43, TTTHA
101745 ;Ki-67 $a B BE 16 1 5% 1110 435 Ifi i CA15-3 7K
SPAHEIN S U/mL 11 10 43 ESR1 FE K AR 4-20 45, B

FEALTE 095 smiR-1-3p FRIA /KPR 0.5 FLAL (24
W RIBED T 10530 85 EH] 0~260 4, X N AE pCR
MEZ 10%~90%. 45 5H WK 1.

GRS S MR SRIm R SR E AT EE

5 H YIZE M4 iy »
(n=500) (n=215)
WS/ % 58.37+£9.28 58.42+9.21 -0.064 0.949
BMI/(kg-m™) 22.98 +1.43 23.02+1.50 -0.331 0.740
MRAS
2 380(76.00%) 163(75.81%) 0.003 0.957
% 120(24.00%) 52(24.19%)
G IEHE PRI
= 76(15.20%) 32(14.88%) 0.012 0.914
i 424(84.80%) 183(85.12%)
AL
= 142(28.40%) 58(26.98%) 0.151 0.697
@ 358(71.60%) 157(73.02%)
& R 53 3
e 256(51.20%) 108(50.23%) 0.056 0.812
114 244(48.80%) 107(49.77%)
WL
3k 165(33.00%) 69(32.09%) 0.056 0.813
1~2 % 335(67.00%) 146(67.91%)
Ki-67 48%0/% 27.66 = 8.80 27.64 + 8.87 0.027 0.979
HER2 MR%
FH 4 85(17.00%) 35(16.28%) 0.056 0.813
44 415(83.00%) 180(83.72%)
YRIT IR B AR /em 3.93+1.21 4.00+1.16 -0.710 0.478
LS
= 314(62.80%) 133(61.86%) 0.057 0.812
4 186(37.20%) 82(38.14%)
FARB N IR YT T &
75 B AL A7) 395(79.00%) 168(78.14%) 0.067 0.797
b ZHE 55 105(21.00%) 47(21.86%)
Y697 AT IMIE CA15-3 /KF/(U-mL™") 37.18 + 10.80 37.11 + 10.88 0.087 0.931
YGTT R ESR1 HE K 5848
H 111(22.20%) 47(21.86%) 0.010 0.920
T 389(77.80%) 168(78.14%)
Y8 Y7 A miR-1-3p RIAIKF 1.87+0.62 1.93+0.63 -1.296 0.195
1B IT HI SOX9 Rk K143 2.87+0.93 2.92 +0.90 -0.668 0.505
YRIT LRI [R)/ H 5.92+1.17 6.02+1.26 -1.039 0.300

2.5 FUIRBEARA NI AL T F

TR IGUE 45 IR B, 1% 51 2% B 7 T ER FH P L
Jiges £ BT A Bl Y 43 WA YR T TG AIE pCR XU 77 THT 2%
RE B o U 25 5 W 4 () AUC 43 7] 9 0.935
(95%CI: 0.907~0.963) F1 0.933 (95%CI: 0.877~
0.989), o~ th RIFHIIX 73 BECILE 2) . R R,

e 2k 5 A i 2 = E W A . H Hosmer-
Lemeshow K56 LG8 1127 = (P> 0.05) , —E 45 %
53925 0.871 F10.865 , #i& 7~ Tl R Afy 14 R 47 C LI 3D
DCA #F — k5, 75 5 58 1 B A ME 2296 [ 9 Ul 25
££:0.13~1.00, MR : 0.10~1.00) , I F % 4% 704 24 ]
AT WA I PR VU s (LI 4) o
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i H Fik pCR 4 (n = 450) pCRH (n=50) iy P
ERL % 58.43+9.33 57.80 + 8.89 0.458 0.647
BMI/(kg'm™) 22.95+1.41 23.24 +1.60 -1.355 0.176
HEERAS
s 341(75.78%) 39(78.00%) 0.122 0.727
o 109(24.22%) 11(22.00%)
A IR PR
2 71(15.78%) 5(10.00%) 1.165 0.280
o 379(84.22%) 45(90.00%)
HIFm IR
= 128(28.44%) 14(28.00%) 0.004 0.947
4 322(71.56%) 36(72.00%)
I R 3 3
TITHA 241(53.56%) 15(30.00%) 9.993 0.002
IR 209(46.44%) 35(70.00%)
H I
3% 153(34.00%) 12(24.00%) 2.035 0.154
1~24% 297(66.00%) 38(76.00%)
Ki-67 f550/% 28.65 + 8.45 18.69 + 6.48 8.072 <0.001
HER2 KA
e 76(16.89%) 9(18.00%) 0.039 0.843
[Yikes 374(83.11%) 41(82.00%)
YRYT HT M B4R /em 3.94+1.23 3.83 +1.05 0.579 0.563
ML
= 289(64.22%) 25(50.00%) 3.896 0.048
i 161(35.78%) 25(50.00%)
BB IR T T R
75 & AT 77 351(78.00%) 44(88.00%) 2712 0.100
fh 555 99(22.00%) 6(12.00%)
YEIT AT IMIE CA15-3 KF/(U-mL™) 38.33+£10.42 26.88 + 8.54 7.497 <0.001
YBYT BT ESR1 JE K 9848
H 109(24.22%) 2(4.00%) 10.655 0.001
X 341(75.78%) 48(96.00%)
¥B9T AT miR-1-3p KIEK T 1.81£0.57 2.42+£0.79 -5.341 <0.001
VRIT T SOX9 F ik K T-/93 2.90 +0.94 2.63+0.77 2.297 0.025
VAT RrLk )/ H 5.90+1.18 6.08+1.12 -1.064 0.292
=3 TEWE
A R TR AEL P9 45
HAEEY A S5 B4 R 0=pCR;1 =ik pCR
HA &
X1 I AR 53 3 0= I13,1 =TI}
X2 Ki-67 fa % THE R Z MM
X3 N 7 0=7,1=4
X4 YAIT R IMSE CA15-3 /KF THE R ZIMEM AN
X5 Y67 T ESR1 JE K 9848 0=F,1=F
X6 Y697 1T miR-1-3p ik K THEFRL ZIME NN
X7 BITHT SOXORIEIKT  FIF L0 IR, 0~7 73 (Yt i FEPE4) 5 B PEAH I LA PE 2 < D, #2 AR /- E AN
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4 ERFAMFLARE BE AT WIATT EARIE pCREYZ E & Logistic @A T LR

B s Vi SE Wald 2 P OR(95%CD)
PR 43 1 1.327 0.437 9.222 0.002 3.770(1.601~8.879)
Ki-67 fa %k 0.155 0.028 29.974 <0.001 1.168(1.105~1.235)
LR 0.643 0.407 2.500 0.114 1.902(0.857~4.220)
YRIT AT MLYE CA15-3 /KF 0.113 0.023 24.787 <0.001 1.120(1.071~1.170)
VAT BT ESR1 JL K 5848 1.719 0.805 4.565 0.033 5.580(1.153~27.009)
Y697 B miR-1-3p FikKF -1.455 0322 20.451 <0.001 0.233(0.124~0.438)
VRITHT SOX9 F#ik K 0.364 0.226 2.590 0.108 1.440€0.924~2.244)
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Im% AUC: 0.935 by AUC: 0.933

Y40t b
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145 1-FEFE

A:ROC HHZE[1) AUC 4 0.935(95%CT: 0.907~0.963) , & 7 A R 7E 1| g5 8 A 46 ER PH P LRI F 3 B i B N 40 3R 97 J5 R I8 pCR I IX
REJTBAF(AUC > 0.9). B: AUC 4 0.933(95%CI: 0.877~0.989) , Sl kL 4k B — 2, R TCE ST R, SR M R T .
2 FIZERBIFUNRIZE pCR A ROC fhik

3 1 %

EH%[IZ-IS]O

SR H: pCR F G 3 B , 7 RAFAE 2 2 Mk

X TR FS R S0 ER BH A 3L e 6 B A BN
WA IR T o o AR P g8 20 390 B v R L R B3R

7 5 55 ), {5 7R YR TT RUORE T 1R 91 A GE pCR T 5 K
i NBERCNIG PR o8 ) /. H BB 240 Ki-67. 1R IR
ISR — R R S5 RO G L Z B & 2 Y E S
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