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[ ZE] HBH8Y: S HEE CT(dual energy CT, DECT) 5215 2H SR AE X HUR B L J< K98 (papillary thyroid cancer, PTC) 3
X ik L 45 % 7 (lateral cervical lymph node metastasis, LLNMD [RIZ Wi (B . 755% : 1B 23 BT 2022 42 6 1 —2024 £ 6 F TR R
BER 5 — M B BB AR BIAT DECT A 25 22 55 HEAIE 5121 200 1] PTC 882 I PRRI BEAR B2 k), 2Lgh N 777 MOtk B 45 (Ho i 379 Mes%
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G ERFAE . 53R : BRESAMZILAL, L RE R (045 5 JEFE Rk T 45 1 g MU AE & DECT 52 B 2 % R B Gl % m L (P
<0.05). SEGFAREERR [ 24 M4 TR (area under curve, AUC)=0.803,95%CI: 0.765~0.841; IiF4E AUC=0.804,95%
C1:0.748~0.861 J#1 Eb, DECT 5 S H A G 2545 AUC=0.939,95%CI: 0.918~0.960; J6iE4: AUC=0.933,95%CI1:0.901~0.965) 5%
1% 21 2E WA (Il 2555 AUC=0.977, 95%C1: 0.966~0.988; 56 iF £ AUC=0.931, 95%CI: 0.900~0.962) F ik & 45 A (Il Zr 4 AUC=
0.977,95%CI: 0.965~0.988; % il £ AUC=0.938, 95%CL: 0.908~0.968) %} LLNM (1112 Wi 2% GE 35 B A1 (P $1<0.05) . I 2 i
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Value of dual-energy CT iodine map derived radiomics features in diagnosing the lateral
cervical lymph node metastasis in papillary thyroid cancer

Zhou Yu, Zhou Yan, Xu Yongkang, Kuang Xinru, Shen Meiping, Si Yan, Wang Yong, Su Guoyi, Wu Feiyun"
Department of Radiology, the First Affiliated Hospital of Nanjing Medical University , Nanjing 210029, China

[Abstract] Objective: To investigate the diagnostic value of radiomics features derived from iodine map of dual energy CT (DECT)
in diagnosing lateral cervical lymph node metastasis (LLNM) in patients of papillary thyroid cancer (PTC). Methods: A retrospective
analysis was performed on the clinical and imaging data of 200 patients with PTC who underwent preoperative DECT at the First
Affiliated Hospital of Nanjing Medical University between June 2022 and June 2024, all with pathological confirmation. A total of 777
lymph nodes were included, comprising 379 metastatic lymph nodes and 398 non-metastatic lymph nodes. Patients were randomly
allocated into the training and validation sets at a ratio of 7:3. Clinical and CT features of lymph nodes, including size, shape, margin,
enhancement degree, calcification, cystic change, and extranodal extension were included. Quantitative DECT parameters including
iodine concentration, normalized IC, effective atomic number, normalized Zeff and slope of energy spectrum curve in arterial and
venous phase. Radiomics features were manually extracted from arterial and venous phase iodine maps by sketching region of interest.
Results: All clinical and DECT features showed significant differences between LLNM and non-LLNM (all P < 0.05) except for

extranodal extension. Compared with the conventional imaging model [ training set, area under curve (AUC)=0.803, 95% CI: 0.765—
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0.841; validation set, AUC=0.804,95% CI: 0.748-0.8611, the DECT quantitative parameter model (training set, AUC=0.939,95% ClI:
0.918-0.960; validation set; AUC=0.933, 95% CI: 0.901-0.965) , radiomics model (training set, AUC=0.977, 95% CI: 0.966—-0.988;
validation set, AUC=0.931, 95% CI: 0.900-0.962) and combined model (training set, AUC=0.977, 95% CI: 0.965-0.988; validation
set, AUC=0.938, 95% CI: 0.908-0.968) showed excellent diagnostic performance in both training and validation set (P < 0.05). In the

training set, radiomics model was superior to DECT quantitative parameter model (P < 0.01) , while no significant difference was

observed between the radiomics and combined models (P=0.950). Conclusion: Radiomics features extracted from iodine mapping

extraction have high diagnostic value in diagnosing LLNM in PTC patients.

[Key words] papillary thyroid cancer; dual energy CT; lymph node metastasis; radiomics
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K % [H Siemens Force =X DECT #9## B 1% ,
HEE AR E ES KD . FRS 5 W
1 H 128.0 mmx0.6 mm , BR & e #53 F 0.5 s/ i , 18
#H 0.7, % B 256%256, FOV 252 mmX 252 mm, 2 J&
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1.2.4 DECT & 5 #1

P 44 0 L AT 8 AE AT 10 4E Sk Sk s 122
28 365 1) = TS 2 1 IR B T RS 0L B 120 KV 1)
CT EHEO R HRUE Vs BB IE . WA,
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THE AL B IR FE (normalized IC, NIC) « A & & 1 7 4
(effective atomic number, Zeff) « ¥5 AL B 5 1 7
# (normalized Zeff, NZeff) Fl15E i ] 28 7} % (slope of
energy spectrum curve, \HUD o TF5H A 1 F : NIC=
IC w2 6/1C 5500 200 3 NZell=Zefl 5 &2 2/ Zeefl 3509 2 s NHU=
(40 keV HU=70 keV HU)/30"" o 4 93 44 = i &2 )
FIMENN G S5 b
1.2.6 B X (region of interest, ROI) 2% F= %5 1%
28 5 4 FEFR IR

M — 4 B A 2 L FE R 2 T 2 R BRI, F
T 3 ) bk L 45 ROT. ROLER: F XU B3l )
1], 38T ) Bl 0 5 A AR X 3 ) 1 Ak 2 4, B
A RO M B A 26 4 S 80U AR 12 W 22 56 1) TR
EEIM PR AN . /21 56 ROT J& , K FH PyRadiomics H
BN IEAR H AL, B e W — 4k K = 4 Al
SHTARFAE S W BRI AR R 9B L A ) — By
RRAIE S AR 3R 2 T B L AR 38 R A B 5% 3R O SU R
WGV EZTEEFNES AL SEUSY NS

Representative images of LLNM of a 31-year-old man with PTC (A=D) and non-LLNM of a 34-year-old woman with PTC (E-H). Compared with

figure E, lymph node in figure A showed significant enhancement. Figures B-D and F—H respectively measured the arterial phase 1C, Zeff, and NHU of

lymph nodes, revealing that the values in the LLNM group were higher than those in the non-LLNM group.

1 PTCHEBMHBERIFEBMHEL

Figure 1

Metastasis and non-metastasis lymph nodes of patients with PTC
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N PRUEAR Y RS g P, 5t 5 2 Bt AT N AR R
Z # (intraclass correlation coefficient, ICC) 43 1, 2%
FRICCART 0.8 IHFAE" . AR A, K H &)
28 555 IS 45 A 3%k 5T 1 (least absolute shrinkage and
selection operator, LASSO) [A] 5 5 £% 42 S 56 1iF 73 #fr i3t
— B IR R AE , SRS B LR AE T AR . SR KR )
= ML (support vector machine, SVM) J5 V% #4 E 4% 45
AR FFAE B AL\ DECT JE & 2 BB AL L R 1R 20 5 18
TR BRGEAY . SE T LASSO R AE 2k #EAR HL, A
SelectFromModel fF 4 #F 4iF 1% #% &% , 3L A &5k H
LASSO CV AR, ¢ B F RIEARRE max_iter=100 000
LR A s G N I = S (1 vl = e
selector__max_features 4 np.arange (2,20, 1), i}
P i 126 2~19 M B ALRFAIE A LASSO CV # L1 IEJ
PRSI e 28 TU AR RAAE REUE 0, 578 URFAIE e 4 5 110
o B SRS SVM 73 A5t 126 FH S ) 73 2K 4
(support vector classifier, SVCO{E N 43 2K 45, W &
probability=True LA 3¢ £ J5 2 73 28 B 28 f th Je 1
BE E Al 5 8] B 1% € 7 25 28 2 30 classifier_kernel N
[ linear”, "poly”, "rbf” ], i 3 F i A% ek 5. 2
JEFf 138 LASSO Rk i FEAE B (selector) 5 SVM 73
A3 L (classifier) 38 it Pipeline bR %0 8 1, 1) 42
“CRFAE R FE- 0 KT AL ROK LAY, PR A
GridSearchCV X 45 B4 JJF AT 8 2 HOR AR , i [ T334 (1)
LASSO FHEEFE S H 5 SVM 7 K S HA &, ik
S AT SR AR50 UE 5 R 43 e AiE 7
1% SRR AT IR EAE NN ZREE N
1.3 “dFrk

N F SPSS 26.0. MedCale 20.0- Python #4547
Giit b T TR KA R J7 K96 B Fisher
W UIME VA AT VPG . X T/ & IES 0 g &
SR, RS E bRt 25 (3 + ) o, I PO REA .

R LB 22 7 AR IS A B € B S H
A7 CUY 53 220 LM (Pas, Prs) 132 7~ 5 18 1E Mann -
Whitney U AR I HEAT HLBL. R 32608 TAESF
fiE (receiver operating characteristic, ROC) i £& Al i
2% T 1 # Carea under curve, AUC) PPAl #1884 (1] 12
Wi R AE » IF R M DeLong #3603 EAT FLHL . 38 3 15 1
Lo I AZ A TR RS T A AE R L . P < 0.05 9% 5+
EEVES -3

2 # R

2.1 BHFAFIE

Il 25 % 1 BRAF V60OE %% 4% Lt 4] (78.6% uvs.
63.3%, P=0.024) & T30 UEEE , FL AR IM IR R 4L B8 Rl
HIA 22 F BTG (P 4>0.05, R 1D,

2.2 DECT B 45 it e 2 & 520 06 ik BEAR

B 60 0E 4 R 45 AMRARRFAE (P=0.340) 41, #67%
RAHEFERS LN 2 (AT CT BURHHIE GR 2D L& &S
(K3 ZERBA G R X (P<0.05 . FIH
SVM ) 2 [ 4% Gt SAAR R AE A 2R G NIk EL 45 K /N A&
4 B B A M BE A RFAE . AL SR AR R AR AR Y
TE Y ZREE RN 3G AIE £E A 19 AUC 43314 0.803 F10.804,
RABE 39 H 83.2% K1 88.4% , ' T EE 43 39 9 73.7%
H173.5% (£ 4),95%C1 735 5 0.765~0.841 F10.748~
0.861.

DECT & & Z 155 24 4 N 3 Jik B1 1C.. 3 Jik
Zeff\ B [Tk 1 NZeff . 3/ K IHANHU « & ik B NIC A #5 ik
WINZeff. FAITEI R 1 AUC, REUE K5 57 5
F1 95% CI 43 ] ¥ 0.939. 92.4% . 86.1% F1 0.918~
0.960, £ 5 1iE £ 73 7l 4 09331 92.2%  87.2% Fl
0.901~0.965(F 4) .

2.3 RHRLLF R F Sk R EAE

LASSO [H] 3§ 3% H 19 MR H SR EH T )5

SRERRL, Hod 14 A B kA 4 2% 2 50 Bk 5 46

R IEAREHE LR

Table 1 Comparison of clinical features

Clinical feature

Training set(n=140)

Agel years, M(Pas, Pss) ] 34.0(28.0,45.0)

Female[ n(%) ] 103(73.6)
Abnormal TSH[ n(%) ] 35(25.0)
Abnormal Tg[n(%) ] 54(38.6)
Abnormal TgAb[n(%) ] 44(31.4)
Nodular goiter[n(%) ] 44(31.4)
Hashimoto”s thyroiditis[n(%) ] 48(34.3)
BRAF V600E[n(%) ] 110(78.6)

Validation set(n=60) V5% P

36.5(31.0,47.5) -1.576 0.115
38(63.3) 2.117 0.146
8(13.3) 3.387 0.066
22(36.7) 0.065 0.799
17(28.3) 0.190 0.663
19(31.7) 0.001 0.974
24(40.0) 0.595 0.440
38(63.3) 5.069 0.024
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Table 2 Comparison of CT image features between non-metastatic lymph nodes and metastatic lymph nodes

Training set(n=531) Validation set(n=246)

Non-metastatic Metastatic Non-metastatic Metastatic
CTimage features lymph node lymph node e P lymph node lymph node e P

(n=281) (n=250) (n=117) (n=129)
Size[mm, M(Pas, Pss) ] 5.10(3.95,6.10) 6.35(4.70,8.80)  6.719 <0.001 5.00(3.65,5.80) 7.40(5.10,10.90) 6.718 <0.001
Regular shape[n(%) ] 222(79.0) 162(64.8) 13.332 <0.001  94(80.3) 85(65.9) 6.465 0.011
Well-defined margin[n(%) ] 228(81.1) 181(72.4) 5709 0.017 97(83.0) 93(73.1) 4.080 0.043
Marked early enhancement[n(%)]  73(26.0) 200(80.0) 154.557 <0.001  30(25.6) 105(81.4) 77.021 <0.001
Calcification[n(%) ] 1€0.4) 17(6.8) 16.776 <0.001 1€0.9) 25(19.4) 22.276 <0.001
Cystic change[n(%)] 00 21(8.4) 24576 <0.001  1€0.9) 11(8.5) 7784 0.005
Extranodal extension[n(%) ] 00) 7(2.8) 7973  0.005  000) 1€0.8) 0911 0.340

#*3 FEBNERKEENDECT EESHUILK
Table 3 DECT quantitative parameters between non-metastatic and metastatic lymph nodes
Training set(n=531)

Quantitative parameter Non-metastatic lymph node(n=281) Metastatic lymph node (n=250) Z r
Arterial phase IC[Lmg/mL, M(Pas, Pss) ] 1.600(1.000,2.300) 3.200(2.700,4.200) 15.559  <0.001
Arterial phase NICLM(Pas, P1s) ] 0.161€0.104,0.218) 0.360(0.285,0.467) 15.895  <0.001
Arterial phase Zeff{ M(Pas, Pys) ] 8.300(8.015,8.645) 9.085(8.800,9.423) 15.013  <0.001
Arterial phase NZeff{ M(Pas, Pss) ] 0.729(0.697,0.757) 0.820(0.782,0.862) 15.757  <0.001
Arterial phase \HULM (Pss, Pss) ] 2.703(1.892,3.923) 5.690(4.255,7.641) 13.654  <0.001
Venous phaselC[mg/mL, M(Pss, Pr5) ] 2.300(1.700,2.800) 3.000(2.400, 3.600) 10.485  <0.001
Venous phase NICLM(Pas, P15 ] 0.426(0.342,0.512) 0.608(0.507,0.730) 11.583  <0.001
Venous phase Zeff{ M (Pas, Pr5) ] 8.600(8.440, 8.800) 8.970(8.788,9.303) 11.715  <0.001
Venous phase \HULM (Pss, Pss) ] 3.933(3.195,4.712) 5.248(4.402,6.456) 11.050  <0.001
Venous phase NZeff(x + s) 0.866 + 0.040 0.922 + 0.044 409.033  <0.001

Validation set(n=246)

Quantitative parameter Non-metastatic lymph node(n=117)  Metastatic lymph node(n=129) Z r
Arterial phase IC[mg/mL, M(Pxs, Ps5) ] 1.400(1.000, 1.900) 3.800(3.000,4.500) 11.395  <0.001
Arterial phase NICLM(Pas, Ps) ] 0.144(0.097,0.218) 0.376€0.297,0.553) 11.064  <0.001
Arterial phase Zeff{ M(Pss, Pys) ] 8.230(7.915,8.510) 9.280(8.895,9.700) 10.955  <0.001
Arterial phase NZeff{ M(Pas, Pss) ] 0.736(0.689,0.771) 0.823(0.791,0.876) 10.293  <0.001
Arterial phase \HULM (Pss, Pss) ] 2.403(1.462,3.788) 6.797(4.402,9.127) 10.061  <0.001
Venous phaselCLmg/mL, M(Pss, P35 ] 2.300(1.750,2.850) 3.600(2.750,4.400) 8.527  <0.001
Venous phase NICLM(Pas, Ps) ] 0.475(0.356,0.593) 0.667(0.545,0.800) 7.284  <0.001
Venous phase Zeff{ M(Pas, Pys) ] 8.660(8.395, 8.820) 9.250(8.850,9.580) 9.129  <0.001
Venous phase \HULM (Pas, Pss) ] 4.057(3.055,5.005) 6.140(4.902,7.620) 8.330  <0.001
Venous phase NZeff(x + s) 0.875 £ 0.049 0.931 +0.047 256.011  <0.001

IR PEE S P R AR SR I M H AP B2 A P2 6 26 REL B T2
I K IR 5L J5E 22 90 HFE B A 5 22 3 Rk ST J5E K
J3E 2 53 R KA 1 2 P52 8 5 VA JE 5 Rk 3915 802K
JEE RN DX 3 0 R 2 A 429 51 B2 VA — A AR Bl bk 39
X UK I3 22 03 i R MR B 7 22~ Sl K YIF D7 — o s A
JEE BRI T IR REAT REARE - R AT R AR JBE 2 i

VA BB Bo=1.0 mm =4 2K AT FE K E - K
AT AR FE s8R S SN #o=1.0 mm = 4EKZ
AT FE AR B - AT R AR K J5E 4 56 U Bl fbk 300 /1 i -
LHL A J8 RS DX B -/ XA A P2 2 s ] 5l ik
/N - HILL R S 3 A R IR - AR SR A 30 ik 3 0 i -
HLH R 2R X F - K T AR AR AR FE 5 1 S 3
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Table 4 Comparison of diagnostic efficacy among different models
Conventional DECT quantitative o )
o Radiomics model Combined model
Parameters imaging model parameter model

Training set Validation set Training set Validation set Training set Validation set Training set Validation set

AUC 0.803 0.804 0.939
Sensitivity (%) 83.2 88.4 92.4
Specificity (%) 73.7 73.5 86.1
Accuracy (%) 78.0 80.5 84.7
PPV (%) 73.8 78.3 85.9
NPV (%) 82.5 83.5 91.0

0.933 0.977 0.931 0.977 0.938
92.2 96.8 95.3 94.0 89.1
87.2 89.3 81.2 93.6 88.9
89.8 91.7 81.7 93.2 88.2
88.2 91.2 86.2 91.5 90.3
91.8 92.2 7.7 94.9 86.1

PPV: positive predictive value; NPV: negative predictive value.

KA /N -HHH —fr it & - 2D, 5> A ik
22 2R G K48 B8O FE AT R JE R J AT RIS K S
S om Y B L E KN -LH — B S - A R
JKH /N -HLL — B Ge it & - 3548 5 5O /N -HL 2K
JE e A i e - 00 2 R U — A IR /N -HILH K B
JLAEHR MR-, LRRHIER R — B i i 4L
HIRRESE 2 (5 . 2T SVM ki @ 5214
R AE I ZREEAEIESE I AUC 235318 0.977
0.931, REE 73 51N 96.8% K1 95.3% , 45 57 FE 43 5N
89.3% 1 81.2% (3% 4, I 2), 95% C1 43 7| N 0.966~
0.988 12 0.900~0.962. % 1 i £k iji B iZ A5 2 75 Il 5
AR AR HERE I3 R AT (B 3D
24 ATDECTEREARAYBMEETFLBEAR
i th 34N E BB HR 9NN B SR E A T
I A58 20 (%) ) 2, TR A Y A I R B R B IR R 1
AUC %3 %125 0.977 £110.938, R U 73 51 N 94.0% Al
89.1% , 5 5 & 43 5l N 93.6% F1 88.9% (£ 4, K 2),

A

1004
S i
€ 6071
= i
= il
Z 404
[ {1
5 !
i — Conventional imaging model
20- --- DECT quantitative parameter model
4 Radiomics model
=== Combined model
0_

0 20 40 60 80 100
100-Speificity (%)

95%CI 43514 0.965~0.988 £ 0.908~0.968 .
2.5 AR

AR B DECT 52 i 2 500 1 B A A
HYAE I 4 A5G IE B v 12 W e 3 B 3 L T 4%
GEAREER AL (P 34< 0.0D) . EZSErT, 1840
AR B2 WA AR T DECT & & S Hii AL (P <
0.01), BiF&EH, 27 LG i %= XL (P=0.899, K
2. YIGEEAGAEEE o 3 ALY [ e 5 ith 28 7 # 2
7~ DECT JE E S UM SR A A BRI A B A
Tl PTC 52 LLNM J7 [fi #H LU AR G s AR R A A A 42
BT IR 2 38 (- 4) o EIINZREE YL sk ih 2k 0
W G R AR T DECT € 25 50 A . ifE
RAE£E T, DECT 5& £ 2 HUis B IS B A 1% L F L
SR 2R R V2 2R TR AT, B S L T R A
RV AR . YR FIRIESE T, 15 2 22 5
T ] P2 W R 22 I TGt LG 2Rk
P=0.950, 3G 1E4E P=0.585)

1004
80
g 60 i
= B
E :
Zoa0d 1
o i
2 i
J'. — Conventional imaging model
204 | --- DECT quantitative parameter model
Radiomics model
=== Combined model
0_

0 20 40 60 80 100
100-Speificity (%)

A: Training set. B: Validation set. The diagnostic efficacy of the conventional imaging model, DECT model, radiomics model and combined model

in diagnosing lateral cervical lymph node metastasis in patients with PTC was demonstrated , respectively.
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Figure 2 Comparison of ROC curves of four models in the training set and validation set
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A: Training set. B: Validation set. It demonstrated that the consistency between the predicted probability of the radiomics model and the actual

observed results is excellent.
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Figure 3 Comparison of calibration curves of the radiomics model in the training set and validation set
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A: Training set. B: Validation set. It showed that in the training set, the practical application value of the radiomics model is significantly superior

to that of the DECT model and the conventional imaging model; however, in the validation set, the DECT model achieved a better net benefit than other

models at low thresholds, while the radiomics model was more optimal at high thresholds.
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Figure 4 Comparison of decision curves of the four models in the training set and validation set
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