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Predictive nomogram for central lymph node metastasis in papillary thyroid
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[Abstract] Objective To investigate the predictive value of a nomogram for central lymph node
metastasis (CLNM) in patients with papillary thyroid microcarcinoma (PTMC) based on CT features combined
with clinical factors. Methods A case-control study was conducted on 256 pathologically confirmed PTMC
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patients from 2 tertiary hospitals from January 2022 to November 2024. All participants underwent contrast-
enhanced neck CT scanning within 2 weeks before surgery and received central lymph node dissection. The
201 patients from the First Affiliated Hospital of Army Medical University were randomized into a training
set (n=140) and an internal validation set (n=61) in a 7 : 3 ratio. The 55 patients from the Second Affiliated
Hospital of Chongqing Medical University were all assigned into an external validation set. Their clinical data
and CT features were collected. Univariate and multivariate logistic regression analyses were employed to
identify independent predictive factors for CLNM, and then a nomogram model was constructed. Receiver
operating characteristic (ROC) curve analysis (area under the curve, AUC), calibration curve, and decision
curve analysis (DCA) were performed to evaluate the model performance, discrimination and clinical utility.
Results Multivariate logistic regression analysis identified 4 independent CLNM predictors (P<0. 05), that
is, male (OR=5.991, 95%CI: 2. 209~18. 350), tumor size =0. 82 c¢m (OR=18. 880, 95%CI: 1. 803~229. 500),
capsular involvement (OR=9. 805, 95%CI: 4. 015~26. 340), and CT-diagnosed lymph node positivity (OR=
2.872; 95%CI: 1.176~7.232). The nomogram achieved an AUC value of 0. 859 (95%CI: 0. 796~0. 922),
0. 786 (95%CI: 0. 671~0.901), and 0. 783 (95%CI: 0. 648~0.917) in the training and internal and external
validation sets, respectively. Calibration curves demonstrated high consistency between predicted and
observed probabilities (Hosmer-Lemeshow P>0.05). DCA confirmed net clinical benefits for CLNM before
surgical treatment with a threshold probability range of 0. 18~0. 80. Conclusion Based on sex, tumor size,
capsular involvement, and CT-diagnosed lymph node metastasis, our nomogram model effectively predicts

CLNM risk in PTMC patients. It can be used as a quantitative tool for personalized surgical planning and
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shows high clinical applicability.
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Table 1 PTMC involvement of the capsule as shown on enhanced CT images [%+s, n(%),M(P,;,P.;) ]

Training Set(n=140)

Internal Test Set(n= 61)

External Test Set(n=55)

Variables No Metastasis Metastasis P No Metastasis Metastasis P No Metastasis Metastasis P
(n=63) (n=77) (n=29) (n=32) (n=39) (n=16)
Sex 0. 004 0.273 0.519
Female 52(83) 45 (58) 22 (76) 19 (59) 30 (77) 11 (69)
Male 11 (17) 32 (42) 7(24) 13 (41) 9(23) 5(31)
Agelyears 43.95+12.29  43.32+10.79 0.751  46.90+9.01  40.00+10.03 0.006 46.31+11.25  38.56+11.42 0.030
Nodular goiter 0.437 1. 000 0.200
No 48 (76) 53 (69) 24 (83) 27 (84) 38 (97) 14 (88)
Yes 15 (24) 24 (31) 5(17) 5(16) 1(3) 2(12)
Thyroiditis 1. 000 0. 140 1. 000
No 45 (71) 54 (70) 24 (83) 20 (62) 28 (72) 12 (75)
Yes 18 (29) 23 (30) 5(17) 12 (38) 11(28) 4(25)
Tumor maximum 0.79 0.83
e ! 0.73+0. 19 0.8420.15  <0.001 (o v l0iees (020 0.93) 0-203  0.63:0.16 0.66+0.18  0.480
Course/months 2100, 5.50) 2 (1.00, 12.00) 0.931 1(0.70, 12.00) 1 (1.00, 4.25) 0.901 1(0.33,24.00) o 202' 2? »5) 0057
1.91 1.94 1.92 1.81 1. 80 1.90
T3/(nmol/L) (1.69,2.10)  (1.72,2.20) %2 (1.72,2.28) (1.62,2.05) %7 (1.57,2.00) (1.67,2.30) ©-340
106. 10 104. 80 107. 80 104. 06 106. 00 111.50
T4/(nmol/L) (94. 48, 118.75) (90. 24, 113.90) %1 (102.1, 125.2) (95.32, 118.58) O 1% (96.74, 114.70) (104. 12, 124. 39 0331
4.93 4.95 5.13 5.04 4.64 4.47
FT3/(pmol/L) (4.50,5.46) (4.49,5.47) 0877 (445 551) (458,543 O (420,508 (388,525 810
16. 89 16. 86 16. 50 16.05
FT4/(pmol/L.) (15.25, 18.91) (14.70, 18.74) 0349 18:093.04 = 16.91x2.68 = 0. 115 (1 o6 15 06) (14.47,17.7) ©732
1.92 2.16 1.92 1.90 1.93 2.05
TSH/(p1U/mL) (1.27,2.56)  (1.44,3.000 200 (1.31,2.66) (1.43,2.62) OB (1.30,2.87) (0.92,2.77) 0760
. 9.82 9.96 11.30 12.38 6.99 8. 47
TG/(ngfmL) (1.94,18.7)  (3.72.21.87) %% (1.29,13.76) (2.28,25.08) %190 (1,60, 12.18) (2.65,13.97) 0643
19. 56 18.70 22.03 26.93 23.20 31.59
TGAB/AUML) 1y e s 7). (10.07. 60.83) %790 (6,99, 99.83) (18.06, 120.18) 228 (1932, 153. 84) (22.77. 54.50) O 335
4.87 6.21 5.77 6. 81 8.89 4.81
TMAb/% (3.45,9.85) (3.64, 12.48) 3% (385, 10.39) (3.50,18.43) 0% (309 21.81) (3.73,9.88) OV
o 21. 17 18.98 22.34 21.00 23.07 19. 66
TPoab/(IU/mL) g 14735 52) (9.37,36.02) % 9% (12,49, 36.42) (13.98, 38.20) %302 (1285, 46.99) (10.55, 31.99) O 415
BMI/(kg/m®) 24.08+4.62  24.8+3.44  0.307 24.57+4.34  24.2+3.87  0.731 23.78+3.72  23.94+3.65 0.879
Location 0. 640 0. 364 0. 966
Isthmus 4(6) 7(9) 1(3) 3(9) 2(5) 1(6)
Up 21(33) 32 (42) 13 (45) 8(25) 14 (36) 5(31)
Middle 22 (35) 23 (30) 8 (28) 13 (41) 15 (38) 7 (44)
Lower 16 (25) 15 (19) 7(24) 8 (25) 8 (21) 3(19)
Calcification 1. 000 0. 796 0. 165
No 45 (71) 56 (73) 19 (66) 23(72) 33(85) 16 (100)
Yes 18 (29) 21 (27) 10 (34) 9 (28) 6 (15) 0
Irregular shape 0. 785 0.240 0. 892
No 31(49) 35 (45) 18 (62) 14 (44) 22 (56) 8 (50)
Yes 32 (51) 42 (55) 11 (38) 18 (56) 17 (44) 8 (50)
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Table 1(continued) PTMC involvement of the capsule as shown on enhanced CT images [x+s, n(%) ,M(P,,,P,,) ]

Training Set(n=140) Internal Test Set(n=61) External Test Set(n=55)
Variables No Metastasis Metastasis P No Metastasis Metastasis P No Metastasis Metastasis P
(n=63) (n=77) (n=29) (n=32) (n=39) (n=16)
Mcmbrane <0. 001 <0. 001 <0. 001
involvement
No 42 (67) 13 (17) 20 (69) 6(19) 30 (77) 4(25)
Yes 21(33) 64 (83) 9 (31) 26 (81) 9(23) 12 (75)
CT diagnosis of <0. 001 0. 161 <0. 001
lymph nodes
No 47 (75) 33 (43) 23 (79) 19 (59) 28 (72) 3(19)
Yes 16 (25) 44 (57) 6(21) 13 (41) 11 (28) 13 (81)

A: A 40-year-old female patient. The red arrow indicates that the enhanced CT scan shows an incomplete tumor capsule, and
the degree of enhancement is lower than that of the surrounding normal thyroid tissue, presenting an interrupted margin,
suggesting involvement of the thyroid capsule. B: A 55-year-old female patient. The enhanced scan shows a complete tumor
capsule (red arrow) , and the degree of enhancement is lower than that of the surrounding normal thyroid tissue, without

involvement of the thyroid capsule
E1 PTMCH#RRRIFRIEE CTR K

Figure 1 PTMC involvement of the capsule as shown on enhanced CT images
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Figure 2 Nomogram prediction model for the risk of central lymph node metastasis in papillary thyroid microcarcinoma
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F2 B PTMC H R [X b B 255 7 I AR R 82 B 3R 0 % B X Logistic @345 R
Table 2 Univariate Cox regression analysis of OS in NPMIm-AML patients

Univariate Analysis

Multivariate Analysis

Variables
OR(95%CI) 7z P OR(95%CI) Z P
Agelyears 0.995(0. 966~1. 025) -0.324 0. 746
Sex 3.362(1.558~7.692) 2.997 0.003 5.991 (2.209~18. 350) 3.344 <0. 001
BMI/(kg/m®) 1.047(0.962~1. 144) 1. 048 0.295
CT diagnosis of lymph nodes 3.917(1.927~8. 258) 3.691 <0. 001 2.872 (1.176~7.232) 2.293 <0. 050
Membrane involvement 9. 846(4. 568~22.490) 5.648 <0. 001 9. 805 (4.015~26. 340) 4. 800 <0. 001
Trregular shape 1. 162(0. 596~2. 271) 0. 442 0. 658
Calcification 0.938(0. 446~1.981) -0. 171 0. 865
Course/months 0.996(0.973~1.019) -0. 349 0.727
Tumor maximum diameter/cm 35.450(4.791~304. 000) 3.387 0. 001 18. 880 (1.803~229.500)  2.395 <0. 050
Thyroiditis 1. 065(0. 513~2. 234) 0. 168 0. 867
Nodular goiter 1. 449(0. 687~3. 128) 0. 964 0.335
Location
Isthmus
Up 0.871(0.207~3. 259) -0.202 0. 840
Middle 0.597(0. 140~2. 265) -0. 742 0.458
Lower 0.536(0. 120~2. 150) -0. 864 0.388
TPoab/(1U/mL) 1..000(0. 996~1. 005) 0.221 0.825
TMADb/% 1.009(0. 972~1. 050) 0.480 0.632
TGAb/(1U/mL) 1..000(0. 999~1. 001) 0.561 0.575
TG/(ng/mL) 0.999(0. 993~1. 005) -0.212 0.832
TSH/(pIU/mL) 1.013(0. 876~1. 183) 0.176 0. 861
FT4/(pmol/L) 0. 969(0. 858~1.091) -0. 525 0.599
FT3/(pmol/L) 0.963(0. 678~1.011) -0.418 0.676
T4/(nmol/L) 0.996(0. 982~1.010) -0.577 0. 564
T3/(nmol/L) 0.951(0. 424~2.137) -0.123 0.902
1.00 1.00 1.00
0.75 0.75 0.75
z 2 z
s 2 s
‘2 0.50 k) 0.50 2 0.50
& ? ®
0.25 AUC=0.859 95%CI(0.796~0.922) 0.25 AUC=0.786 95%CI(0.671~0.901) 0.25 AUC=0.783 95%CI(0.648~0.917)|
0 0 0
0 025 050 075 1.00 0 025 050 075 1.00 0 025 050 0.75 1.00
1-Specificity A 1-Specificity B 1-Specificity C

B3 IZEE(A) AERIKE (B) SMBIUILE (C) R ol & EMNER A ROC L& K AUCE

Figure 3 ROC curves and AUC values of the nomogram prediction model in the training set (A) , internal test set (B),

and external test set (C)
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Figure 4 Calibration curves of the nomogram prediction model in the training set (A), internal test set (B), and external

test set (C)
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Figure 5 Clinical decision curves of the nomogram prediction model in the training set (A) , internal test set (B), and

external test set (C)
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