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Study on quantitative parameters of spectral CT in predicting central lymph node
metastasis in patients with preoperative clinical lymph node - negative papillary thyroid
carcinoma
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[Abstract] Objective: To evaluate the predictive efficacy of spectral CT quantitative parameters for central lymph node metastasis
(CLNM) in preoperative clinical node-negative (¢cNO) papillary thyroid carcinoma (PTC) patients. Methods: Clinical and imaging data
of 86 surgical pathologically confirmed PTC patients who underwent preoperative spectral CT imaging, were retrospectively collected.
Differences in clinical and spectral CT features between the CLNM and non- CLNM groups were compared. Receiver operating
characteristic (ROC) curve analysis was used to assess the predictive performance of clinical features, spectral CT features, and a
combined model, with area under the curve (AUC) , sensitivity, and specificity calculated. Results: Among clinical indicators, sex,
thyroglobulin (Tg)level, and cystic changes showed statistically significant differences between CLNM and non-CLNM groups (all P <
0.05). Among non-contrast (NC) spectral CT parameters, 40 keVu and 70 keVuy values were significantly lower in CLNM group (all

P < 0.05). Among arterial phase (AP)spectral CT parameters, all parameters except arterial normalized effective atomic number (NZ.;)
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differed significantly between two groups (all P < 0.05). Among venous phase spectral CT parameters, 70 keVy value was significantly
lower in CLNM group (P=0.014). Combined model demonstrated the highest predictive efficacy (AUC=0.896, sensitivity=86.7% ,
specificity=80.4% ) , followed by spectral CT quantitative parameter model (AUC=0.835, sensitivity=73.3% , specificity=85.7% ) , and

clinical model (AUC=0.591, sensitivity=20.0% , specificity=98.2% ; all P < 0.05). Conclusion: Spectral CT quantitative parameters

based on lesion characteristics improve the preoperative prediction of CLNM in ¢NO PTC patients, and aid in treatment plan.

[Key words] papillary thyroid carcinomas; lymph node metastasis; clinically node-negative; spectral CT
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Table 1 Comparison of clinical and lesion morphological characteristics between the non-CLNM and CLNM groups in PTC
patients [n(%)]
Non-CLNM CLNM Non-CLNM CLNM

Characteristics (n=56) (n=30) X P Characteristics (n=56) (n=30) X P

Age 0.468  0.494 | TPoAb 0.274  0.601
<55 years 48(85.7) 24(80.0) Normal 42(75.00 24(80.0)
>55 years 8(14.3) 6(20.0) Abnormal 14(25.0) 6(20.0)

Sex 4.132  0.042 || Thyroid dysfunction 0.484 0.487
Male 11(19.6) 12(40.00 No 21(37.5) 9(30.0)
Female 45(80.4) 18(60.0) Yes 35(62.5) 21(70.00

Braf mutation 1.772  0.183 || Cystic 8.668  0.003
No 12(21.4) 3(10.00 Absent 55(98.2)  24(80.0)
Yes 44(78.6) 27(90.0) Present 1(1.8) 6(20.0)

Nodular goiter 0.147  0.701 || Calcification 0.042  0.838
No 35(62.5)  20066.7) Absent 18(32.1) 9(30.00
Yes 21(37.5)  10(33.3) Present 38(67.9)  21(70.0)

CLT 0.532  0.466 || Location 1 0486 0.784
No 29(51.8)  18(60.0) Left 28(50.00  13(43.3)
Yes 27(48.2) 12(40.0) Righ 27(48.2) 16(53.3)

TSH 0.161 0.688 Isthmus 1(1.8) 1(3.3)
Normal 45(80.4) 23(76.7) Location 2 4.027 0.134
Abnormal 11(19.6) 7(23.3) Upper 10(17.9) 11(36.7)

Tg 4.546  0.033 Middle 30(53.6) 11(36.7)
Normal 44(78.6) 17(56.7) Lower 16(28.6) 8(26.7)
Abnormal 12(21.4) 13(43.3) Location 3 2.502 0.286

TgAb 0.296  0.586 Ventral 25(44.6) 15(50.0)
Normal 34(60.7)  20(66.7) Middle 8(143) 133
Abnormal 22(39.3)  10(33.3) Dorsal 23(41.1D) 14467

3 W K. YRk RS R BLBE % Tg F1 TgAb 3 &, PTC &

A7 AN CT 2 AR BT VA PTC 2539k B 45 R &5 1
HIETF B, cNO PTC & $8 AT 5 F CT 8 R $Em 17
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AR R AR E .

WEAE W 70 2 B, I PR ARF 14 G M ) FE R IR 1)
L5 PTC B FH PTG AL, 22 &It 5 4a
i, eNO PTC & v, 55 B8 38 80050 LNM AU & T
2, RS & X T PTC G 640 )2 B AT I e 1)
SN . 5 REAERIE AL — 3, 76 CLNM & AR KU 5 THT, 53
£ ¢NO PTC &% CLNM XU £ 72 2o PE ) 1.83 £, 7T
e S PEEMEM R A AEE T RS TN E S A

HH S HIFET LN, AW FEIESE T CLNM 418
BRI Tg 5% o PTCIR & 22 AE (s
JEALE SR LS TR FE AR S5O A IE 55 5 PTC
R <™, Zou 5V 7T R IR R IR AR AR
FK A IS e AR 5 INM BB M5, SEE R
FUR AL, A SR 7R A T AL PTC B 5 R A&
CLNM, f] € /& i1 T &4 CLNM fJ PTC A K b, &
R AR AR AE R BE AL T 8. (RS REAE T
FAF B, 7R kAL B DA & I8 40 75 T, At
FUHH CLNM 5 9E CLNM 41 [f] 2 53 R B G it 24
X FEFH VN TTRE S B H R 9%, KRRk 75 25
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Table 2 Comparison of spectral CT quantitative parameters between between the non-CLNM and CLNM groups in PTC

%2 FECLNME5E CLNMBPTC EE /AL CT EESHILE

patients
Quantitative parameter Non-CLNM (n=56) CLNM(n=30) VAL P
NC ICLM(Pss, Prs) ] 0.558(0.305,1.073) 0.610€0.243,1.085) -0.195 0.846
NC ZalM(Pss, P15 ] 7.643(7.486,7.943) 7.515(7.343,7.825) -1.830 0.067
NC DEILM (Pss, Pss) ] 0.020€0.010,0.030) 0.010€0.010,0.023) -1.162 0.245
NC 40 keVi[M(Pas, Prs)] 100.025(75.663, 140.850) 83.775(61.213,112.313) -2.057 0.040
NC 70 ke Vi 66.268 + 16.406 53.322 £9.537 4.624 <0.001
NC NIC[M(Pss, Pss) ] 1.890(1.205,2.903) 1.330€0.843,3.488) -0.902 0.367
NC NZaLM(Pss, Pss)] 1.030(1.010, 1.050) 1.005(0.980,1.023) -3.248 0.001
NC Nl M(Pss, Ps) ] 1.230€0.658,2.008) 0.925(0.508,1.843) -1.305 0.192
AP IC 2.619 £ 1.022 1.900 + 0.936 2.877 0.005
AP ZLM(Pus, P:5)] 8.663(8.340,8.938) 8.330(7.971,8.618) -2.700 0.007
AP DEILM (Pas, Py5) ] 0.070€0.050, 0.080) 0.050€0.030,0.063) -2.508 0.012
AP 40 keVyy 269.334 +94.831 211.735 + 84.315 2.787 0.007
AP 70 keVuy 112.136 +29.024 93.597 + 28.228 2.850 0.006
AP NIC 0.318 £0.120 0.249 £ 0.112 2.604 0.011
AP NZ.q 0.815 £ 0.499 0.796 + 0.566 1.664 0.100
AP Ny 5.241 £2.408 3.939 + 2.025 2.520 0.014
VP IC 3.499 + 1.227 3.301 £ 1.163 0.724 0.471
VP Zal M(Pass P3s) ] 9.068(8.605,9.269) 8.878(8.646,9.321) -0.353 0.724
VP DEI 0.081 £ 0.025 0.084 + 0.029 0.485 0.629
VP 40 keVi[M(Pss, P3s) ] 344.925(295.600,407.925) 326.725(264.975,407.100) -0.344 0.731
VP 70 keVu[M(Pss, P35) ] 140.700(123.488, 151.838) 123.075(110.175, 140.075) -2.655 0.008
VP NIC[M(Pas, Prs) ] 0.685(0.513,0.910) 0.665(0.538,0.833) -0.820 0.412
VP NZiLM(Pys, Pys) ] 0.940(0.893,0.990) 0.935(0.910,0.973) -0.563 0.573
VP N 6.800 + 2.474 6.988 +2.737 0.324 0.747
3 2EIFNERLIECT EESH—BMHHRIRER
Table 3 Consistency analysis of quantitative spectral CT parameters between two observers

Quantitative parameter PTC IC PTC Z.x ICAIC ICA Z.y PTC40 keVuy PTC40 keVuy

NC 0.899 0.850 0.949 0.936 0.783 0.806

AP 0.896 0.898 0.919 0.871 0.876 0.758

VP 0.870 0.932 0.983 0.953 0.875 0.843

RIN, T XUAE B CT 1 PTC 5 k30 ik 39 1C. 3 ik 35
NIC. B0 ik B\ 55 22 7 2 5000 LLA#H B 10 ¢NO PTC
B CLNM s . A EE T 6% CT 2 B2 5
R HT R I, JE CLNM 4R R A2 2 TS 5 L &
Fim T CLNM 4, HAREEE: P11 40 ke Vi P11
70 ke Vs FAIA Zon BIAKIA 40 ke Vio BIAKIA 70 ke Vi
B 1C. B KA NIC. ) ik 1 Z.n B3 DELL 31k
HH N 158K 70 keVieo FCH R A, AT REZ RN
CLNM ZH 3 & A= K B2 0T, 3B A i A TG V25 3 A2 i
oA K T B, UM N R X sk Y, T
HH P E &SRR R BT ARA

Jei 8 X 3 fe A, A5 75 4 MR AT TR N k2L
BET S BB ER IR DG 8 B EN R . [H15
—IRI R, RE AR AR A e S CLNM A 2K
L2 R R N3 CT S8, B % e B FEAR &
H75 18] 25 18 S5 PR 3% 5 A R T B A P43 CT 24K
L CT SR E A B L. RRETERNEAR
AT 50 K5 A5 )T 56 UF A EL 827 4 5 1658 CT 2 8
XF CLNM [ P AR B - AR BIF 70 5 B A5 A 284 (1 Tl
MR T B A ) I RS AN S B AL 1K
PENAENE R ) PRS2 B AN St #2 v, S TR
X eNO PTC £ 35 CLNM (1 95l 2 6E » A B 24 A7 1y
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male patient with papillary thyroid carcinoma in the left lobe, pathologically confirmed without CLNM. Figures A and E are 70 keV images from the arte-
rial phase; figures B and I are Zeff images from the arterial phase; figures C and G are iodine maps from the arterial phase; figures D and H are 70 keV
images from the non-contrast phase. Quantitative measurements of the primary lesions in both patients revealed lower values in the CLNM group com-
pared to the non-CLNM group: arterial phase 70 keV CT value(93.4 HU vs. 116.3 HU), arterial phase Zeff(8.07 vs. 8.78) , arterial phase IC(1.31 mg/mL vs.
2.93 mg/mL), and non-contrast phase 70 keV CT value(53.6 HU vs. 92.1 HU).
1 CLNM#03E CLNM 4B RRARFL LR S8 CT B
Figure 1 Spectral CT images of papillary thyroid carcinoma in the CLNM group and non-CLNM group

F4 ZREFRZBEDOTR AR

Table 4 Multivariate logistic regression and predictive models

Model Coefficient SD OR(95%CD P Tolerance VIF
Clinical model
Cystic 2.621 1.107 13.750(1.569-120.502) 0.018 1.000 1.000
Quantitative parameter model
NC 40 ke Vi 0.034 0.013 1.035(1.009-1.062) 0.009 0.262 3.822
NC 70 ke Vi -0.158 0.044 0.854(0.783-0.930) 0.000 0.269 3.715
NC Z. -15.273 6.854 0.000€0.000-0.159) 0.026 0.920 1.087
Combined model
NC 40 keViy 0.039 0.016 1.040(1.007,1.073) 0.015 0.255 3.926
NC 70 ke Vi -0.203 0.055 0.816(0.733-0.909) 0.000 0.267 3.741
NC Z. -21.632 7.634 0.000€0.000,0.001) 0.005 0.915 1.093
Gender 1.845 0.847 6.326(1.202-33.284) 0.029 0.918 1.090
Cystic 3.676 1.677 39.479(1.477-1055.527) 0.028 0.891 1.122

#5 TEIREL cNO PTC $# CLNM BT AE
Table 5 Predictive performance of different models for CLNM in ¢NO PTC patients

Model AUC Sensitivity (%) Specificity (%) PPV (%) NPV (%)
Clinical model 0.591 20.0 98.2 50.3 92.5
Quantitative Parameter model 0.835 73.3 85.7 83.7 76.2
Combined model 0.896 86.7 80.4 81.6 85.8

3BT DU E DA CT 52 B TRDK BB 46 & BT, WA EE s, LR AR K @ R F-30)
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