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Abstract Objective To determine the risk factors and develop a risk prediction model for recurrence after cold knife conization (CKC)
in patients with high-grade cervical squamous intraepithelial lesion (HSIL) . Methods A retrospective analysis was conducted on the
clinical data of 270 patients with HSIL treated with CKC at the Liaoning Provincial People’s Hospital from January 2018 to September
2023. A chi-square test was used to compare the differences in clinical indicators between the recurrence group (n = 28) and the non-re-
currence group (n = 242) . Cox univariate and multivariate regression analyses were performed to identify the risk factors for postopera-
tive recurrence, and a recurrence risk prediction model was constructed. The predictive efficacy of each risk factor and the overall model
was evaluated using receiver operating characteristic (ROC) curves. Results Compared with the non-recurrence group, the recurrence
group showed a significantly higher proportion of patients with initial sexual intercourse at age < 18 years, CIN Il grade, positive surgical
margins , persistent high-risk human papilloma virus (HPV) infection postoperatively , multi-quadrant lesions, glandular involvement,
and strong positive expression of ENO1 and TOP2A (all P < 0.05) . The results of univariate Cox regression indicated that these risk fac-
tors were all significantly associated with an increased risk of recurrence (all P < 0.05) . Multivariate Cox regression analysis revealed
that persistent high-risk HPV infection, positive surgical margins, glandular involvement, and strong positive expression of TOP2A were

independent risk factors for recurrence (all P < 0.05) . A recurrence risk prediction model was successfully constructed. The concordan-
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ce index (after bootstrap correction) of the nomogram model was 0.844. ROC curve analysis showed that the predictive model based on

the four indicators of persistent HPV infection, positive surgical margins, glandular involvement, and strong positive expression of TOP2A

had a higher predictive accuracy (area under the curve = 0.851) than that of any single indicator (DeLong test, all P < 0.05) . Conclusion

Persistent HPV infection, positive surgical margins, glandular involvement, and strong positive expression of TOP2A were independent

risk factors for recurrence after CKC in patients with HSIL. Therefore , a thorough preoperative assessment of the surgical resection range

and depth,along with enhanced follow-up and management of high-risk populations postoperatively,may help reduce the risk of recur-

rence.

Keywords high-grade cervical squamous intraepithelial lesion; cold knife conization; recurrence; risk factor
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Tab.1 Comparison of general clinical data between recurrence and non-recurrence groups [n (%) ]

R ecurrence group

NOH-TRC[]I’TEH(‘,R group 2

fiem (n=28) (n=242) X P

Age at first diagnosis 1.80 0.180
<45 years 15(54) 165 (68)
=45 years 13 (46) 77(32)

Marriage 0.00 1.000
No 4(14) 36(15)
Yes 24(86) 206 (85)

Age of first sexual intercourse 5.43 0.020
<18 years 5(18) 12(5)
=18 years 23(82) 230(95)

CIN grade 4.70 0.030
CINT/T 12(43) 159 (66)
CINTI 16 (57) 83(34)

Number of pregnancies 0.00 1.000
<3 19(68) 165 (68)
>3 9(32) 77(32)

Parity 0.34 0.562
<2 5(18) 60(25)
=2 23(82) 182(75)

Number of sexual partners 0.02 0.886
<2 12(43) 112(46)
>2 16(57) 130(54)

CKC margin status 15.62 <0.001
Positive 16 (57) 51(21)
Negative 12(43) 191(79)
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(8:3%)
ltem Recurrence group Non-recurrence group X 2 P

(n=28) (n=242)

Postoperative high-risk HPV status 20.54 <0.001
Positive 16(57) 43(18)
Negative 12(43) 199(82)

Gland involvement 9.07 0.003
No 8(29) 146 (60)
Yes 20(71) 96 (40)

Multi-quadrant lesions 5.52 0.019
No 7(25) 122(51)
Yes 21(75) 120(49)

ENO1 expression 8.03 0.045
_ 3(11) 50(21)
+ 2(7) 54(22)
4+ 9(32) 70(29)
. 14 (50) 68(28)

TOP2A expression 8.09 0.044
- 2(7) 48(20)
+ 3(11) 58(24)
+ 10(36) 73(30)
. 13(46) 63(26)

A, negative expression of ENO1 protein in the non-recurrence group;B,strong positive expression of ENO1 protein in the recurrence group;C,negative

expression of TOP2A protein in the non-recurrence group; D, strong positive expression of TOP2A protein in the recurrence group.
Bl SmALL SRS AHSILAS RENO STOP2AMIRI x 200
Fig.1 Expression of ENO1 and TOP2A in HSIL tissues by Immunohistochemistry x 200
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#0.10~0.90, S PP/ R A 5 A KRB o Boot-
strapf 1F S C-index50.844 . ULE2
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ROCHIZR 3 Hr 45 R i , R J5 i f B HPVRF£2

J&YL (AUC=0.697), Y & FHHE (AUC=0.680)., I {4 52
F(AUC=0.659) JTOP2A5H fH 1 3= ik (AUC=0.719)
PIXFHSILE # AR S5 5k BA —E M E . B 13k
AT B A HE 0 I A T AR A (Y AU CHELI5c &5,
0.851, 2 F L T2 B — 45 b5 (DeLonghi K, ¥ P <
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Tab.2 Univariate Cox regression analysis of recurrence after CKC in HSIL patients
5 95%CI1
Variable Assignment B SE Wald x P HR
Lower Upper
Age of first sexual intercourse =18=0,<18=1 1.257 0.498 2.525 0.012 3.516 1.325 9.328
CIN grade CIN[/1=0,CINII=1 1.127 0.404 2.792 0.005 3.086 1.399 6.808
CKC margin status Negative = 0, Positive = 1 1.868 0.405 4.614 <0.001 6.475 2.929 14.318
Postoperative high-risk HPV status Negative = 0, Positive = 1 1.417 0.390 3.638 <0.001 4.126 1.923 8.855
Multi-quadrant lesions No=0,Yes=1 1.652 0.466 3.545 <0.001 5.218 2.093 13.006
Gland involvement No=0,Yes=1 1.458 0.498 2.928 0.003 4.297 1.619 11.402
ENO1 expression —/+=0,+++++=1 1.976 0.614 3.218 0.001 7.214 2.165 24.037
TOP2A expression —/+=0,+++++=1 2.391 0.615 3.889 <0.001 10919 3.274 36.420
&3 HSILEECKCAREE X% EECoxm IS #
Tab.3 Multivariate Cox regression analysis of recurrence after CKC in HSIL patients
N 95%CI
Variable Assignment B SE Wald x P HR
Lower Upper
Age of first sexual intercourse =18=0,<18=1 0.325 0.524 0.619 0.536 1.384 0.495 3.867
CIN grade CINI/II=0,CINII =1 0.226 0.545 0.415 0.678 1.254 0.431 3.647
CKC margin status Negative = 0, Positive = 1 1.214 0.536 2.266 0.023 3.368 1.178 9.626
Postoperative high-risk HPV status  Negative = 0, Positive = 1 1.138 0.400 2.848 0.004 3.121 1.426 6.830
Gland involvement No=0,Yes=1 1.418 0.613 2.312 0.021 4.127 1.241 13.724
Multi-quadrant lesions No=0,Yes=1 0.429 0.596 0.720 0472 1.536 0.477 4.938
ENO1 expression —/+=0,+++++=1 1.287 0.657 1.960 0.050 3.622 1.000 13.116
TOP2A expression —/+=0,+++++=1 1.379 0.658 2.097 0.036 3.970 1.094 14.404
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Fig.2 Nomogram model for recurrence risk in patients with HSIL undergoing CKC
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