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Development and validation of a risk prediction model for tumor
recurrence after breast-conserving surgery based on admission
clinical data

WU Qinxiang, DING Hengyi, LI Yufei
(Department of General Surgery II, the First Affiliated Hospital of Nanyang Medical College, Nanyang, Henan 473058, China)

Abstract Background and Aims: Breast-conserving surgery, which balances tumor excision with preservation of
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breast tissue, has become a widely adopted surgical approach for breast cancer. However, postoperative
tumor recurrence remains a major factor affecting patient prognosis. Accurate risk prediction tools are
urgently needed to guide personalized treatment strategies. This study aimed to develop a risk prediction
model for tumor recurrence after BCS based on admission clinical data and to evaluate its predictive
performance to provide a scientific and practical tool for clinical decision-making.

Methods: A total of 224 breast cancer patients who underwent breast-conserving surgery between May
2017 and May 2019 were enrolled. Postoperative recurrence was recorded during follow-up.
Multivariate Logistic regression analysis was used to identify independent risk factors for recurrence and
to construct a risk prediction model. The model's discriminative ability was assessed using the receiver
operating characteristic (ROC) curve, and its calibration was evaluated using a calibration curve.

Results: 208 patients completed follow-up, ranging from 32 to 84 months, with a mean duration of
(58.41+7.33) months. The recurrence rate was 17.79%. Multivariate Logistic regression analysis
revealed that TNM stage 11l (OR=2.029), tumor diameter >4 cm (OR=1.782), >4 lymph node metastases
(OR=1.958), lymphovascular invasion (OR=1.984), and HER2 positivity (OR=1.774) were independent
risk factors for recurrence (all P<0.05). The Logistic regression model was established as follows: Y=
—-12.788+0.707X,1+0.578 X>+0.672X3+0.685X4+0.573X5. The model yielded an area under the ROC curve
(AUC) of 0.934 (95% CI=0.891-0.963), with a sensitivity of 86.49% and specificity of 96.49%. The
calibration curve demonstrated good agreement between predicted and observed outcomes (y*=0.501, P=
0.392).

Conclusion: TNM stage III, tumor diameter >4 cm, >4 lymph node metastases, lymphovascular
invasion, and HER2 positivity are independent risk factors for tumor recurrence after breast-conserving
surgery. The risk prediction model based on these factors demonstrates favorable discrimination and
calibration, offering valuable guidance for postoperative risk assessment and clinical intervention.
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Table 1 Comparison of clinical characteristics between the recurrence group and the non-recurrence group

FSES HRM (n=37) T &4 (n=171) /4 P
AR (Y 5+ s) 45.87+6.49 43.3147.62 1.899 0.059
BMI(kg/m?,% + s5) 22.98+2.41 23.34+2.56 0.783 0.434
HZ&IREn(%)]

Y 2% 12(32.43) 46(26.90)

R 2 25(67.57) 125(73.10) 0.463 0.4%6
TR Z 5 S [0 (% )]

= 8(21.62) 24(14.04)

& 29(78.38) 147(85.96) 138 0.246
B IPRER (% )]

BRI 6(16.22) 20(11.70) 0.568 0.451
e Il 8(21.62) 19(11.11) 2.975 0.085
e i LA 10(27.03) 27(15.79) 2.627 0.105
WBC(X10%/L,% + ) 14.74+3.98 14.23+3.74 0.744 0.458
PLT(X10°/L,% + 5) 313.26+51.27 321.77+63.34 0.764 0.446
ALB(g/L,% + s) 29.98+5.09 32.04+6.19 1.890 0.060
CA153(U/mL,% + s) 54.56+8.25 53.17+9.01 0.863 0.389
CA125(U/mL,% + s) 41.18+5.21 39.74+5.96 1.361 0.175
CEA(ng/mL,% + s) 7.38+1.25 7.15+1.14 1.094 0.275
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Table 1 Comparison of clinical characteristics between the recurrence group and the non-recurrence group (continued)
£y 2R (n=37) ToR KA (n=171) /A P
B (%))

£ 21(56.76) 75(43.86)
2.036 0.154
H 16(43.24) 96(56.14)
TNM 43
/I 26(70.27) 147(85.96)
5.354 0.021
I 11(29.73) 24(14.04)
JEd EAR[em,n (%))
<4 22(59.46) 132(77.19)
4.977 0.026
>4 15(40.54) 39(22.81)
IR S5 BOR R n (%) ]
<4 29(78.38) 156(91.23)
5.107 0.024
>4 8(21.62) 15(8.77)
Pk AR (% )]
P 7(18.92) 12(7.02)
] 5.191 0.023
i 30(81.08) 159(92.98)
HER2 fHM:[n(%)]
P 9(24.32) 17(9.94)
5.753 0.016
wH 28(75.68) 154(90.06)
Ki-67 AR (%)]
= 9(24.32) 22(12.87)
3.149 0.076
w 28(75.68) 149(87.13)
DT (%))
luminal A 21(56.76) 81(47.37)
luminal B 7(18.92) 42(24.56)
1.207 0.681
HER2 i35k 2(5.40) 16(9.36)
— [ 7(18.92) 32(18.71)
AT (%))
RIS 25(67.57) 85(49.71)
JEA I 4(10.81) 35(20.47)
) 4.986 0.173
N 6(16.22) 28(16.37)
T IR R 2(5.40) 23(13.45)
22 RAAREMBELFMEZMNZEEZSHT . Z N E Logistic 110 287 7%, TNM 4331113 |

PARGE R (£=0, &=1) JHZE, TNM% B AR =4 om . IR 0G5 B RS B >4 ML KA
(=0, MHH=1). MR EE (<4 cm=0, >4 cm=1), ¥ . HER2 PH: 2 R FL R J5 M & & ) fa S &
W R R R (<4 =0, =4=1). WKEEHk (P<0.05) (#£2),

(=0, f&&=1). HER2 FHM: (%F=0, &=1) NAZ
K2 FIAREMEELXEMEZHNEEEZSHF

Table 2 Multifactorial analysis of factors for tumor recurrence after breast-conserving surgery

e B S.E. Wald/y? P OR(95% CI)
TNM 5311 0.707 0213 11.081 0.001 2.029(1.338~3.077)
JihJ ELA%>4 cm 0.578 0.191 9.192 0.002 1.782(1.227~2.590)
LS5 R AU =>4 0.672 0.216 9.689 0.002 1.958(1.283~2.990)
I GER TS 0.685 0.254 7.303 0.007 1.984(1.207~3.261)
HER2 FH 0.573 0.219 6.880 0.009 1.774(1.156~2.723)
W -12.788 3.253 15.450 <0.001 0.000
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Figure 1 Risk prediction model for tumor recurrence after

breast-conserving surgery
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ROC curve of risk prediction model predicting

tumor recurrence after breast-conserving

surgery
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Figure 3  Calibration curve of risk prediction model
predicting tumor recurrence after breast-
conserving surgery
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