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Risk factors for level |l and level IV lymph node metastasis in papillary thyroid carcinoma
based on different tumor location classifications
FENG Qinchao, ZHU Guohua, REN Dongdong, WANG Guorui”

Department of Surgery, Jiangsu Institute of Nuclear Medicine Jiangyuan Hospital of Jiangsu Province, Wuxi 214063,
China

[Abstract] Objective: To identify risk factors for level Il and level IV lymph node metastasis in papillary thyroid carcinoma (PTC)
and to evaluate the predictive value of different tumor location classification methods. Methods: A retrospective analysis was performed
on PTC patients who underwent thyroid surgery between January 2022 and May 2025. Clinical and pathological variables were
collected. Tumor location was classified using the conventional longitudinal trisection method and a middle thyroid vein-based method
on preoperative contrast-enhanced CT images. Univariate and multivariate logistic regression were used to analyze factors related to
level Il and IV lymph node metastasis, and ROC curves were used to compare the predictive ability of different tumor location
classifications. Results: Among 152 patients, 59 (38.82% ) had level Il lymph node metastasis and 113(73.34% ) had level IV lymph
node metastasis. Univariate analysis revealed that tumor location was significantly associated with metastasis in both levels (P < 0.05).
Multivariate analysis showed tumor location (conventional or middle vein-based) independently predicted level Il metastasis, while

middle vein-based location and level VI metastasis independently predicted level IV metastasis. ROC analysis showed that the middle
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vein-based classification had a higher AUC for predicting level Il metastasis than the traditional method (0.749 vs. 0.608, P < 0.05).

For level IV, the AUCs were 0.687 and 0.650. This indicates better performance for predicting level I metastasis. Conclusion: Tumor

location is closely associated with level II and level IV lymph node metastasis in PTC. The middle thyroid vein-based classification

may improve preoperative risk assessment of lateral cervical lymph node metastasis.

[Key words] papillary thyroid carcinoma; tumor location classification; middle thyroid vein; lateral cervical lymph node metastasis
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A: Traditional trisection method. B, C: Middle vein demarcation method.
1 MENESEAE

Figure 1 Tumor location classification method
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Table 1 Univariate analysis of risk factors for level II lymph node metastasis

Variable Non-metastasis (n=93) Metastasis(n=59) P
Agel years, M(Pss, Pr5) ] 38(30,47) 38(32,46) 0.372
BMI[kg/m?>, M(Pas, Pr5) ] 24.69(22.41,26.78) 23.71(21.26,27.04) 0.708
Tumor size[ cm, M(Pas, Prs) ] 1.2€0.8,1.6) 1.2€0.9,1.8) 0.269
Sex[n(%) ] 0.502
Male 28(30.1) 14(23.7)
Female 65(69.9) 45(76.3)
Capsular invasion[ n(%) ] 0.999
No 81(87.1) 51(86.4)
Yes 12(12.9) 8(13.6)
Multifocality[n(%) ] 0.623
No 78(83.9) 52(88.1)
Yes 15(16.1) 7(11.9)
Location (tradition)[n(%) ] 0.016
Upper 56(60.2) 47(79.7)
Middle 12(12.9) 7(11.9)
Lower 25(26.9) 5(8.47)
Location(middle veins)[n(%) ] <0.001
Upper 42(45.2) 56(94.9)
Lower 51(54.8) 3(5.08)
Hashimoto thyroiditis[n(%) ] 0.368
Yes 72(77.4) 41(69.5)
No 21(22.6) 18(30.5)
Level VI lymph metastasis[n(%) ] 0.449
No 19(20.4) 16(27.1)
Yes 74(79.6) 43(72.9)

F2 Xk EBL4EF2EY Firth Logistic 13 59 47

Table 2 Firth logistic regression analysis of risk factors for level I lymph node metastasis

Parameter B S.E. Chisq P OR(95%CD
Middle veinCupper vs. lower) 5.187 1.441 44.251 <0.001 178.869(20.133-23 919.965)
TraditionCupper vs. lower) 2.936 1.435 7.666 0.006 18.850(2.013-2 563.485)
Tradition(middle vs. lower) 2.744 1.494 5.580 0.018 15.548(1.471-2 217.291)
Constant -5.075 1.450 41.757 <0.001 -
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(P=0.215,%5),

RIS 1

PTC 72 5 5 UL RO B 8 i e g B SR, 22
MVEAF ARG R IR R4, RJ5 10 FAAF R a0k
95% LA b1V, AH AT A7 AE — %8 LU 0 52 R KU« AR 9

ARG B RS 73 2 5 P B 20 bk 2 45 2 7% s 72
EL45 5 2 i) R B B s BEAERT FUR T,
FERIURTF ARG AT I 131 96 77 A (0 B3 18 DAl o, A7
R BUER Gy FBEATAE IR B RS B2, Horp— 0y
55 AR PPAG AN A2 BN 5E 70 X Fe M KU IR AN 78
AR,

BEAE A TE 735 » AN TR 20 Xk B e A 1) R A AL
il Kl PR SCAFAE — E 258 PTC 25 X ik L2 45
Ferp R BURE B RME TR EEHZHE", 1



546455 8 1] TSR, R E A, AT AL, 5. FE TSR R 47 2 o AL FOIR AR LSt TS IV Xk L 45 3 8 s
20264E8 A KR L], mE B R R 22 (AR B#0RD , 2026, 46(8): 1137-1144 *1141-

R3 NVXHBLEEBRARRSH

Table 3 Univariate analysis of risk factors for level IV lymph node metastasis

Variable Non-metastasis(n=39) Metastasis(n=113) P
Agel years, M(Pss, Ps5) ] 38(33,483) 38(31,45) 0.255
BMI[kg/m?, M(Pss, Pr5) ] 24.69(22.21,27.15) 25.71(23.73,27.34) 0.564
Tumor size[ cm, M(Ps, Prs) ] 1.0€0.6, 1.6) 1.5(1.1,2.0) 0.298
Sex[n(%) ] 0.258
Male 14(35.9) 28(24.8)
Female 25(64.1) 85(75.2)
Capsular invasion[n(%) ] 0.840
No 33(84.6) 99(87.6)
Yes 6(15.4) 14012.4)
Multifocality[ n(%) ] 0.652
No 32(82.1) 98(86.7)
Yes 7(17.9) 15(13.3)
Location Ctradition)[n(%) ] 0.002
Upper 35(89.7) 63(60.2)
Middle 2(5.1) 17(15.00
Lower 2(5.1) 28(24.8)
Location(middle veins)[n(%) ] <0.001
Upper 36(92.3) 62(54.9)
Lower 3(7.1) 51(45.1)
Hashimoto thyroiditis[n(%) ] 0.834
Yes 28(71.8) 85(75.2)
No 11(28.2) 28(24.8)
Level VI lymph metastasis[ n(%) ] <0.001
No 22(56.4) 13(11.5)
Yes 17(43.6) 100(88.5)

R4 VXt BLEEEFBRI FirthLogistic E)3 547
Table 4 Firth logistic regression analysis of risk factors for level IV lymph node metastasis

Parameter B S.E. Chisq P OR(95%CD
Middle vein(lower vs. upper) 1.507 0.710 4.954 0.026 4.52(1.185-22.918)
Tradition Cupper vs. lower) 0.716 0.832 0.730 0.393 2.046(0.416-13.582)
Tradition(middle vs. lower) 0.789 0.884 0.766 0.382 2.201(0.38-15.418)
Level VI lymph metastasis(yes vs. no) 2.179 0.458 24.561 <0.001 8.837(3.661-22.811)
Constant -2.532 0.862 9.884 0.002 -
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A:ROC curves of different tumor location classification methods for predicting level I lymph node metastasis. B: ROC curves of different tumor lo-

cation classification methods for predicting level IV lymph node metastasis.
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Figure 2 ROC curve for predicting lymph node metastasis
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Table 5 Diagnostic performance of different tumor location classifications

Parameter AUC 95%Cl Sensitivity(%)  Specificity(%) Cut-off  Z P
Prediction of level Il metastasis(Tradition) 0.608 0.514-0.702 79.7 39.8 0.5
Prediction of level Il metastasis(Middle vein) 0.749 0.669-0.829 94.9 54.8 0.5 4917 <0.05
Prediction of level IV metastasis(Tradition) 0.650 0.548-0.752 60.2 89.7 0.5
Prediction of level IV metastasis(Middle vein) 0.687 0.586-0.788 54.9 923 0.5 1.240  0.215
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