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[Abstract] Objective: To construct a model for predicting pelvic lymph node metastasis in early - stage cervical squamous cell
carcinoma. Methods: The clinical data of patients in the department of gynecology, Affiliated Hospital of Southwest Medical University
from January 2019 to October 2023 were retrospectively analyzed. A univariate logistic analysis was performed based on the
pathological examination results of pelvic lymph nodes as the outcome indicator. Two models were developed by univariate logistic
analysis as well as forward and backward stepwise regression analysis. The Akaike information criterion (AIC) , continuous net
reclassification improvement index (NRD) , and integrated discriminant improvement index (IDI) were used to determine the optimal
model. The optimal model was then converted into a nomogram, and its efficacy was evaluated by the area under the receiver operating
characteristic curve (AUC) , Hosmer-Lemeshow test, calibration curve and decision curve analysis (DCA). Bootstrap method was used
for internal validation. Results: A total of 221 patients were enrolled. Forward and backward stepwise regression methods were used to

establish model 1 and model 2, respectively. According to the results of AIC, serial NRI and IDI, model 2 was the optimal model
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[indicators: age, squamous cell carcinoma antigen (SCCA) , carbohydrate antigen (CA) 125 and lymph node status on magnetic
resonance imaging J. The AUC was 0.818; the Hosmer-Lemeshow test results were }’=0.942 and P=0.332, and the adjusted AUC was
0.800. DCA results showed that when the threshold probability was 0.03-0.50, the clinical net benefit was relatively high. The AUC of
the internal verification of Bootstrap was 0.784. Conclusion: Models based on age, SCCA, CA125, and lymph node status in magnetic

resonance imaging can help predict pelvic lymph node status for cervical cancer before surgery.

[Key words] cervical squamous cell carcinomas lymph node metastasis; magnetic resonance imaging; biomarker; nomogram
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Table 1 Comparison of clinical data of patients with early-stage cervical squamous cell carcinoma

Lymph node negative Lymph node positive
Indicator group (n=190) group(n=31) veIx P

Age(years,x £ 5) 51.33 £ 8.47 47.61 +7.64 2.292° 0.023
BMI(kg/m’, x + 5) 24.64 +3.29 25.87 £4.28 -1.835" 0.068
Menopausel (%) ] 1.902" 0.168

No 85(44.7) 18(58.1)

Yes 105(55.3) 13(41.9)
HPV[n(%)] 3.830° 0.147

Negative 10(5.3) 3(9.7

Single positive 145(76.3) 26(83.9)

Multiple positive 35(18.4) 206.5)
Gravidity[n(%) ] 0.590" 0.442

<2 times 49(25.8) 6(19.4)

>2 times 141(74.2) 25(80.6)
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Lymph node negative Lymph node positive
Indicator group (n=190) group(n=31) VX P

Parity[n(%) ] 0.226"  0.635

<2 times 133(70.0) 23(74.2)

>2 times 57(30.0) 8(25.8)
Clinical stage[n(%) ] 3.596" 0.058

I 131(68.9) 16(51.6)

I 59(31.1) 15(48.4)
MRI lymph node [n(%)] 21.291* <0.001

No 178(93.7) 20(64.5)

Yes 12(6.3) 11(35.5)
MRI tumor size[ n(%) ] 14.424* <0.001

<2cm 65(34.2) 3(9.7)

2-4 cm 112(58.9) 20(64.5)

>4 cm 13(6.8) 8(25.8)
MRI vaginal invasion[n(%) ] 4.128"  0.042

No 86(45.3) 8(25.8)

Yes 104(54.7) 23(74.2)
MRI parametrial invasion[n(%) ] 0.657"  0.417

No 177(93.2) 27(87.1)

Yes 13(6.8) 4(12.9)
MRI lower uterine segment invasion[n(%) ] 0.000"  0.988

No 153(80.5) 25(80.6)

Yes 37(19.5) 6(19.4)
MRI depth of invasion of fibrous stromal layer of cervix[ n(%) ] 2.597"  0.107

<12 50(26.3) 4(12.9)

>172 140(73.7) 27(87.1)
SCCA[ng/mL, M(Pss, Ps) ] 2.45(1.59,4.32) 4.27(2.22,18.86) -2.5317 0.011
CA125[ U/mL, M(Pss, P5)] 11.39(7.60, 16.66) 15.06(9.28,30.18)  —2.113" 0.035
CA153[U/mL, M(Pas, Pss) ] 12.03(9.19,15.26) 12.25(9.35,18.06)  -0.362" 0.717
CA19-9[U/mL, M(Pss, P+ ] 14.90(8.98,20.91) 14.42(9.95,17.63)  —0.053" 0.958
CEA[ng/mL, M(Ps, P+5) ] 2.38(1.81,3.80) 2.95(1.99,4.50) 11717 0242
HE4[ pmol/L, M(Pss, P+ ] 49.89(42.19,59.36)  47.64(41.37,60.49)  -0.189" 0.850
WBC(X10’/L,x +5) 6.32 + 1.64 6.55 + 1.84 -0.730"  0.466
NEUT(x10°/L,x *s) 4.03+134 435+ 1.48 -1.237° 0217
LYMP(xX10°/L,x +s) 1.77 +0.52 1.72 + 0.61 0.386° 0.702
PLT(X10°/L,% + 5) 243.44 + 68.22 270.13 + 70.54 -2.010°  0.046
ALB(g/L,x + ) 44.52 + 2.66 44.55 + 2.66 -0.060"  0.952
HGBLg/L, M(Pus, Pys) ] 131(124,138) 128(123,141) -0.579"  0.563
FIB[g/L, M(Pas, P35 ] 2.98(2.58,3.48) 3.21(2.79,3.79) ~1.557"  0.119

PLRLM (Pss, P35)] 139.26(112.26,172.48) 145.45(120.69,219.55) —1.869" 0.062
SILM(Pss, P+ ] 505.56(392.93,695.84) 623.57(473.47,834.79) —2.377" 0.017
NLRLM (Pas, P2 ] 2.22(1.72,2.92) 2.47(1.92,3.42) -1.444" 0.149
FARLM(Pys, P3s) ] 0.067(0.058,0.077) 0.072€0.059,0.085)  —1.306" 0.192

*: Labeling normally distributed quantitative data using the independent samples ¢-test; **: Labeled non-normally distributed quantitative data

using the Mann-Whitney U rank-sum test; #: Labeled counting data using the Chi-square test.
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Table 2 Collinearity test

Indicator B SE B t P Tolerance VIF
Constant -0.302 0.186 -1.621 0.107 - -
MRI lymph node 0.296 0.075 0.261 3.957 <0.001 0.887 1.128
MRI vaginal invasion 0.037 0.048 0.052 0.769 0.443 0.834 1.199
MRI tumor size 0.027 0.021 0.092 1.304 0.194 0.767 1.304
Age -0.002 0.003 -0.048 -0.736 0.463 0.920 1.087
SCCA 0.003 0.003 0.084 1.237 0.217 0.842 1.187
CAI125 0.002 0.001 0.136 2.066 0.040 0.884 1.131
SIT 0.000 0.000 0.061 0.915 0.361 0.878 1.139

R3 RHEHBYEFL SCCA.CA125. ST EFE R T
AR R LR

Table 3 Conversion and comparison of age, SCCA, CA125

and SII from quantitative data to categorical data

in early cervical squamous cell carcinoma

[n(%)]
Lymph node  Lymph node
Indicator negative group positive group  x¥° P
(n=190) (n=31)
Age 7.926 0.005
<52 years 102(53.7) 25(80.6)
>52 years 88(46.3) 6(19.4)
SCCA 8.995 0.003
<4.26 ng/ml.  142(74.7) 15(48.4)
>4.26 ng/mL 48(25.3) 16(51.6)
CAI125 10.349 0.001
<19.53 U/mL.  158(83.2) 18(58.1)
>19.53 U/mL 32(16.8) 13(41.9)
SIT 7.773 0.005
<584.78 118(62.1) 11(35.5)
>584.78 72(37.9) 20064.5)

A, 03R4 B 2 g N 48 B N S S L SCCA.
CA125 MRIFRESEARES, WK 5) . #%I8 AIC /N R

M, B AL 2 ) AIC (151.06) /N T B AL 1 ) AIC
(152.59), 15 BB A 2 76 6 Hi4 A0 OR 355 7 v 1 T
TR 1, Y 2 os 7 1 I NRI A 0.431(95%
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0.040) , 5 15 B R A 2 FAE AL 1 () Tl e 0 4, 22 57
B BATE AL 2 N (N Fi
Fr: FEH .SCCAL CA125 . MRI k2 4500 7)), IFo6 H:
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0.818(95%CI:0.734~0.902) , %5 57 & 72.11%, RIFE
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Table 4 Results of forward stepwise regression analysis of pelvic lymph node metastasis in early -stage cervical squamous

cell carcinoma

Indicator B SE Wald P OR 95%Cl
SCCA 1.361 0.450 9.149 0.002 3.899 1.614-9.415
CA125 1.215 0.460 6.977 0.008 3.369 1.368-8.297
MRI lymph node 2.298 0.538 18.261 <0.001 9.954 3.469-28.558
Constant -7.953 1.268 39.352 <0.001 0.000

x5 FHEGBEZRAECEEBHNEERS LT ITER

Table 5 Resulis of backward stepwise regression analysis of pelvie lymph node metastasis in early-stage cervical squamous

cell carcinoma

Indicator B SE Wald P OR 95%Cl
Age -0.963 0.535 3.243 0.072 0.382 0.134-1.089
MRI lymph node 2.141 0.537 15.882 <0.001 8.511 2.969-24.396
SCCA 1.430 0.456 9.822 0.002 4.177 1.708-10.214
CA125 0.992 0.471 4.444 0.035 2.697 1.072-6.782
Constant -2.724 0.412 43.762 <0.001 0.066
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SCCA T !
<4.26 >19.53
CA125 r 1
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Total points T T T T T T T T T T T T T T 1
0 20 40 60 80 100 120 140 160 180 200 220 240 260 280

Linear predictor

40 -35 30 25 —20 -15 -1.0 05
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1.0 15 20
Diagnosis rate T 1
0.05 0.50
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Figure 1 Nomogram of pelvic lymph node metastasis in early-stage cervical squamous cell carcinoma

ML M T b R AR, G EIRIT I
AT RE 5 1T 248 v il 2 A6 T BR AR 2R i, 0] 358 I % B
BT AE 2K T S Bl 2, IR ANATT A 2 1
Al RE. DCA 23 #T 7 (B 4D, BAE % 7E 0.03~0.50
N A5 P A AP A0 S T T A 2R A VP A ) S
i KB 152 2 (B O I AE, BB LA AL I R S
P o AW FTIE I Bootstrap B3 £ A (1 000 1K %
AROXFIE R AT N EBIIE, 75 H AUC 8 0.784. 5
Ji AUC AH EL, N EBEGAIE 5 1 AUC A BT B (EAT 78
0.7~0.9, F BIZAR R AE A R 30 5 T IR snT 58
H X 2 H AR S, T LR AR R IARE

it
T 77 T A A S e R AT AL 2 A R £ T KA

LV

3 1€

=4

BN, 2022 4F A BRE SR 3L 66.1 75 8T K B AN
34.8 TIBETA M, A 3R A 1M 58 4 K W hE A g
SRR 2022 4 Al A [ B S0 R 8 0 49 B
15.07 J3, A7 T 2o P % e e g 565 5 67 5 i 38 A6 2 s 1)
BN 5.57 735 S0 T A B IR 2R 6 A2 ke
SEIL RS e B AUm I 3 B T e —, R A
KA F A oy BA R RN B, B A
B UG R ZEY . Hosaka "R ILAE A ik 45
RS 0 B S AR BUAE A (overall survival, OS) 3 M
94.8% % 25 62.0%, 5 4 OS 2 i 45 Ik 2 45 B 19 i iy
TRENS S B TR B S RS e BB YR T SR M
T 5 AT A P4k bk B2 S5 PR3 0 5 e i A

MRIEA 2 751 2 250 2 J5 13 A& S84 A



F45 B 101
2025410 H

BRI, ¥ BE, BEDE, 55 RIS S 2tk A5 R B TN AR R AL 2 L ],
B RERRZEZER (ARBIERD ,2025,45(10) : 1467-1475 ©1473-

1.0

0.8

Sensitivity
o
2N

N
~

e
o

AUC=0.818
0

0 0i2 014 016 OI.S 1I.0
1-Specificity
2 EE2EROC Hi Lk
Figure 2 ROC curve of the model 2
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