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JRFAIAMIE (PTC) FHE P R XML F2 (CLNMD  BIFRIMIANA .

Jik: ATHETEUSCER 2022 4 10 H & 2023 4 10 H T-3REE AT FARIRES 15U BRA S 05 1 e [X
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Abstract

Objective: To explore the predictive value of S-Detect technology combined with dual-modal ultrasound
(conventional ultrasound (US), elastography (UE)) for central cervical lymph node metastasis (CLNM) in
papillary thyroid carcinoma (PTC).

Methods: Patients who underwent preliminary thyroid nodule resection and prophylactic central lymph
node dissection in our hospital from October 2022 to October 2023 were prospectively collected. Based on
the postoperative pathological results, 121 PTC patients with a total of 145 nodules were included. The
central lymph nodes were divided into metastasis group and non-metastasis group according to pathological
results. They were randomly divided into a training group and a validation group in a ratio of 7:3. This study
collects S-Detect identification nodule characteristics (maximum diameter, composition, echo intensity, edge,
aspect ratio, microcalcification), conventional ultrasound characteristics and indicators (capsular invasion,
border, gender, age, diabetes, fatty liver, nodularity goiter, chronic lymphocytic thyroiditis) and elastography
parameters (strain rate (SR) ratio, ultrasound elastic contrast index (ECI)). In the training group, univariate
analysis screened out the risk factors associated with S-Detect, US and UE features and parameters and lymph
node metastasis in the central cervical region of papillary thyroid cancer. Through multi-factor logistic
regression analysis, three separate prediction models of S-Detect, US, and UE and a joint prediction model
of S-Detect + US + UE were constructed. By comparing differences in the area under the curve (AUC) of
subjects' work characteristics (ROC) between models, the predictive performance of each logistic model for
CLNM of PTC was evaluated, and the model with the best predictive performance was selected to construct
a nomogram. The discrimination and consistency of the nomogram model were verified through AUC and
calibration curves, and the clinical applicability of the nomogram model was evaluated using decision curves.
In addition, this study also constructed five prediction models through correlation and single factor analysis:
decision tree (DT), support vector machine (SVM), random forest (RF), K nearest neighbor algorithm (KNN),
and extreme gradient boosting (XGBoost). Use AUC to perform performance comparisons and use SHAP
plots to visualize the results of the predictive model with the highest AUC value.

Results: @ Univariate analysis results of the training group showed that there were statistical differences
in maximum diameter, microcalcification, gender, age, capsular invasion, history of diabetes, SR ratio and
ECI value between central cervical lymph node metastasis and non-metastasis of PTC ( All P < 0.05). @ The
multi-factor analysis results of the training group showed that maximum diameter (OR=4.332),

microcalcification (OR=6.431), gender (OR=3.131), capsular invasion (OR=13.153), history of diabetes



(OR=3.888), SR Ratio (OR=1.710) and ECI value (OR=1.816) are independent risk factors for predicting
CLNM in PTC neck (all P < 0.05). @ In both the training group and the validation group, the AUC values
of the S-Detect technology combined with dual-modal ultrasound (S-Detect+ US + UE) prediction model are
higher than those of the S-Detect, US and UE single prediction model (training group: 0.885 vs 0.765, 0.761,
0.727; validation group: 0.808 vs 0.752, 0.695, 0.768, all P < 0.05). @ Use a nomogram to visualize the S-
Detect combined dual-modal ultrasound prediction model. The AUC, sensitivity, specificity, positive
predictive value and negative predictive value of the nomogram model in the training group are 0.885, 95.5%,
68.6%, 85.1% and 88.9% respectively. In the validation group were 0.808, 85.7%, 56.3%, 77.4%, and 69.2%
respectively. The calibration curve and decision curve respectively showed good consistency and clinical
applicability of the model. ® The results of correlation and univariate analysis showed that maximum
diameter, microcalcification, sex, age, pericardial invasion, diabetes, SR ratio, and ECI value were risk
factors for CLNM of PTC, and finally, age, pericardial invasion, maximum diameter, microcalcification, and
SR ratio were included in the model. Based on the above five characteristic parameters, five prediction
models of DT, SVM, RF, KNN, and XGBoost were constructed and their performance was evaluated. The
results showed that in the training group, the AUCs of the SVM, XGBoost, KNN and RF models were all
better (AUCs were respectively 0.819, 0.851, 0.819, 0.890), and the DT model AUC is poor (0.656).

Conclusion: S-Detect technology combined with dual-modal ultrasound has a high predictive value for
central cervical lymph node metastasis of papillary thyroid cancer.

Key words: papillary thyroid carcinoma; central cervical lymph node; S-Detect technology; ultrasound;

ultrasonic elastography
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FUR R (Thyroid cancer, TC) &P, 18 S 20050 1 Bried i A i o
o FRARE SOHTERE BRI S AR, 2023 A FUIR ORI 78 Lot BT A S8 P ogg 3 R 491
frBIE 8, HAuB ARl 31520/10 i, T BT AR B8 12500/10 5T, 2022 4,
P e O kA A E R AR BoR, TC RSV MR SRR AL H 2 7, 1E ot
MRS R HER S 3, TR E B TC AmE askm ™. Rk, 4 2013 FiHE R
7~ RER) TC A AfAERENMX 2R, FREEX. [LAREMERTZKE TC K
WA 3B, T HramgEE /K 86 DOMAR EE 8 & AR 2 fm 1) 3 ML IX
M, HiEt X TCHRRMAT RN . NTCHKIER K, EWHE L@, FEH,
M 2004 FFFF4E TC KIFZR LR 5.5% . LVERAE 6.5% M1 5 5 0 R K 3
Bl fEE, 2000 4E2 2018 (8], TC KIRHR LUK UERE 16.9%. LIEREE 15.7%[H1HE
fE R BREEKEAP, TC M KR KEE FBE fTr2a R # ™R, Ok
R T AL A 22 4 )

FURBRFLIIRIE  (Papillary thyroid carcinoma, PTC) #J /i TC &4 90%, s& TC
BT MR — P R A o), A Kapie, SRYEFEREAR, (ERK S KA Sk L 45 i 7
(Lymph node metastasis, LNM) , AR X#HELHH (Central lymph node metastasis,
CLNM) A&, HFFE M, 30%-80%M) PTC &2 75 AR J5 i #LHA 12 Bk Kk I A7 78
LNMUL, 4k, #FFE R BB 30%/) PTC &3 76 A B #2 Wi Il PR bk B2 25 B 14
(Clinical lymph node negative, ¢NO) , {HLEARJGHHEL_EHIA IO H I LNM,
TSR N BRE MM E 4532 (Occult lymph node metastasis, OLNM) Bl 55 R B30
# LNM J2 PTC i N B K I8 s AR R LR E R R &=, B Oaad 7 B b
SN g B AR SO R, BRI o ih R I S PR SR IBURE, Bk A 42 4
v FURSFIRDIREAR T 450 100 HAl, XHESRATFARIGST, (HXF eNO- PTC &K,
& 1 5 2 AE HOIR MR 25 759 D) B AR INF 191 5 6 vh e bR B2 45 18647 DI B - (Prophylactic central
lymph node dissection, PCLND) F7#7E 4311,

AT e D 25 A BN T TR Sk B AT AR . R E, T
WRELSE A NZR AT AR L. Ay T4 SiE AKX, RRX, R E
S, R XA PTC ¥BRE —uk. HAET, XT3k e 8
i, WHRITEA BT ENLBE SR MO IR BUE A B, BT AT D
EEEAARRA AR A LB PR G 0 DL R 2 B AN 35 50 S 52 AR S R A SR 4 e S B bk L2 5 IR A
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%ie DETL B A VAT
(R FRR 2 T+ B 1 o A AL B B, B FiF SN E R R AR S, Wt IR gt
BAERT K, ZETAEZ, ARSI L 4 0 A A A T B U 1Y, S R R B I
FHLESER S, SRR ETEMELS 2 S HIREN R GHTE, HERN
Ah 2 TRE T ARIE T, HAS RN 30%-50%, 75 5 5 BB P P AR BA 1 45 SR 1 & 2R
(415 3K vl R B T3 e XA BT S 80 . B X EFRONEE, FRA
g T, AN R e 2 R I 2, o B R EL R, TN b R B L SR UL B R
R, A EMEEZIR. Hoh, bRk R g Bk RS K AT,
I A R BT 5 ) 2K bk L 66 52 AR 40 PR AR R AEL 1 A L I 5 A L ML Y 40 A I
R FEE LU, 5 B B RIS T H oA, A 51T T 5 R R R O s B
CWkE SR EEF B, A5 2 EE M ReRE . DM G FE A S . 7%
Hm s ARG R IR E], 1 A O PRk bk 85 1 07 1 o R B U AR
B, AL MRS FRIER R IeIZ R R R AR R — MR ARG A
AERR TN cNO-PTC 203 CLNM B 53, LA B R 1 58 4 1297 7%

WHE A (Ultrasound, US) &tad FURBRZR 1 Bk 775, 7T LA 3 A0 8¢ 4
HFRIRIG O, DARAE Mg A5 S iy SR 15 58 35 IR SR B JE, o] DAZR-G 1R B PPAG A
FOR BRI BRI L. R, FORIRSS TR I VEAL B AU = S — I bn e, &% FUIRIR
ARG RESZAT, WEEMZE. N7 B FRERE 7512 B0 bs 1 & 2,
Horvath 5P T US FRAE & 1 AR RS2 BR &5 A8 24 (Thyroid Imaging
Reporting and Data System, TI-RADS) , FT-HIyt BURIRE T HI8E FH 2 Wik 7RI IR
SEER R, 22 HE DT N BOIR I 45 R T B — 4EE RS R I HE DL R E . SEESE R . K
[] 75 B ARG (B AR . LA REEE KT 1. DURATREAAAE Rt Tk, &
Z 2 EH M AR UL IR ST PTC JR ARG TTRHE SRS % Z RIS R, A HREE
— RS W HER R R A RRE . RE ARV, Bl PTC B R &1 RHIE R I
W ZTER A LIRS 7T E VI SEE 2. Liu 815 996 ] PTC & CLNM B fa kK 2 4
Pras B, Bk, FR<4s . WK >1em. BRSNS LZ PTC B
CLNM Hyfi i fale bz, HHEMBERBER, RKAEEBRNLEBES (MHREA<
0.5cm. 0.5-1.0cm. 1.0-2.0cm A >2.0cm K}, OR 435=1.00. 1.55. 3.22. 4.85, #J P<
0.05) . Ma ZFEPUGIN T 31 TiTE, KE 7 ANEZKH 37355 25 1) meta 73 M 45 R %
N, HERE<45% (OR=1.57) . 51t (OR=1.79) . B EZE>1cm (OR=2.61) . £4t
Pt (OR=1.46) . XNl (OR=1.52) . BJERZIL (OR=2.10) F5 CLNM HlEAHXK (I
P<<0.05) o SR, WIRIEEPIVFRIHRELL . S, 18%5 CLNM ¥ JoAH G E;
Liu ZE®0%F 3273 #lEE WAL R, Z2RBEAZ CLNM FfERZ . FR ARk
BN TR, SEEERMKESEKFRARERERSR, FUELRER. HE5EK
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%ip Pl Al P A0AT S8
Ui, PTC (150 i H it 75 REAE DL R B I PR AEAE — 2 2 B2 B n] AT CLNM
WA, HZ, HARWRLE YL A RE S B G R TE AR n] AT CLNM 1 3 — 5 5%
FAh, BATIE T PR ORI 45 FTREAE TN PTC 203 CLNM ¥ 771

8 75 3P B8 (Ultrasonic Elastography, UE) AEA— i 75 B F ARt AW 7035 M
B, ZBEARGE T ARG AMAL )0 FEH, GE AR NPV 2 2300 f
BUHLPE . UE S5 Ophir 88 ATE 1991 4 H,  FLRRAR 5T B ) R SK 7 A 1) o) 28 24 it
JE, S E SN, s R A 2 e, B A HE TR Al R
S, BEEE AR B BRI AR K S R AR M P, AR SRR AR BOR . BT Uil g AR 4
AR (Shear wave elastography, SWE) PRSI SAGEA, FEdImK FEVEH. N
P AR R B VG A B N AL AR TR AR RS, TH AR AE R (Strain
rate, SR) KRB ZIMERE 7 712, XHRAESFOVELLEL PTC HE Uk D25 R 4
FNARELRG LH (i N AR 2 72 S e 15 B G ik U e i I, R 435 SR = T
KFEFH (P<0.05) , HTMFHE LNM REBUEN 72.6%, F¢57 5N 80.4%, MLk TH
FH (Areaunder the curve, AUC) N 0.862, SR [N E=2.14 I, FIGE )1l
UM (Sensibility, SE) A 87.4%, %rFPE (Specificity, SP) N 83.5%. SWE & HR
Sk 1) 20 43 K 36 K e (R s e, X S AR AR A AT 2 AR U R BT,
[T 0871 - G pu == R b o N TR R AN B9 o N N DN T E e S A2 AN O 1 e
gk, MUK, BY DI . SR AT E R . B T AR R AN,
FEWGIR R Z o 54, RSN KA 3 A Fe 77 5 AR I Jk M 0 X 3 R A% — v i
FabR-HE A s X L F8 40 (Elasticity contrast index, ECI) 7EUT 85K tHiZ#i 5 N 70 E AL
B, W TSI UIB M A . % TE bR B VRN AL S SR AR T L ST LU
ECI ks, RUVEOGER X IR A B 2 23 3 1tk 22 S oK . 2R I 45 7R ECL % PTC
FEE CLNM (1) AN E IR X 282 51 83 1 282 AN ME#EAT Logistic [B1V453#r, & B ECI
A /& PTC 138 CLNM [k fERE R 2, H ROC #iZR 4> #r ECT U i FE#k Wi M 3.45,
AUC 4 0.805, SE A 81.0%, SP A 84.6%, #EHIEN 80.9%. HHULTT UL, g i
FeARLETN PTC H3% CLNM J7 1 B3 EEAEH .

ANTHfE (Artificial Intelligence, AD FAR IR 2= UG X B 12 7 T,
OB 75 AT I AL . AT ROR B F L2852 2] (Machine learning, ML) FIR
JE2£>] (Deep learning, DL) FiARE8, 2013 4, Al WIIRE2EIH (RE B TRHEOT
WY VAT KRR AR Z E. EXZfE, WEFIHNT KRN, 7R
WORFE T2 L R EAIVE, R RRARTS AT 75 BRI B bk E 45 T F o FH At ol
2. B S-Detect AR HE = B AR R AT HEN RGBS GRME Mg K LA A
2= PR S B A BRI AT IR B 22 2] IR & B — 3K (Computer-aided diagnosis,
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Hiv Y SR I 23 e S A e
CAD) #f, 24y EREAR ALZW 5 ER), % CAD R40R i E 5% Kwak 55
BOISE HH (1) TI-RADS S FR BRSS9 (0 14 S g AT RP AR AL, 485 749 088 P SR MR R 458 Sk
KB BRI . AN . RS, HBEtk>1. BT, S-Detect HiARIELERA
FOIR R4S 5788 75 VR B Y CAD R4t —, AT GRHE A 00 RSB EE T, 16
AT MRS R R R, B EA TIER, GBS IRR TAERERY. 54, F
W R AN TR B HoRAE BIGR A b B D05 00 B, mT LLIR ) P IR TG 2 5% o 1) [
FRAE, BHARW. A, EEME. MRS /KF—8RE s, wrgh VA B0, &
B RINARKT-Z 216, A RBANE RSB A 2B, e 21 2505308 i A
F AL A0 1R 25 755 e AE Fo000 FF DR R e 9058 ik L 5 e RS OB 2 R B, AT AR 0 R s 05 4k
(OR=2.723) . 45 K/h=1cm (OR=3.214) j& PTC K AE#HHE CLNM ML GRK &,
WZAE N 9 N A e R B A0 P R 75 AR AAE ] 38 S b 75 8 T - [R) £ 0 B 0 . 3 4b,
Lee ZEBYURFT T DL 1) CAD RGN AR TC 205 LNM [ EWT AR KL, 7 6 %5
A, H 3 X 0EZ CAD BN TR & 1 isWrke A HERaPE, HiZz CAD H#hE)
WO BT A S G2 WS LNM 450, S RIZ I B A4S XK M 3.90 3253 T 4.30.
XHERW], N TR REEANS B2 b L S R A IER, THRERE
LD EAEE(EH. sib, A S-Detect F AR A 145158 F R AEHN PTC 25158
CLNM J5 [H A FeARE A D, AR an o] i 75 i — 2B 4R 1 o

H AT K7 5< T PTC HUEE CLNM TN AY (PP A5 R T B S A% Gi i) Logistic HLas
AEE, BEMAERENG I E TN K, A BRI EE S NS5 7k T
PTC HJ#i# CLNM. B 7 #%HJH (Logistic Regression, LR) 4k, H4% WLHIHL#s 5
BV (4r2Es) A EM (Decision Tree, DT) . FEAHL#A&#K (Random Forest,
RF) . ¥ ¥ M & #l (Support Vector Machine, SVM) . K iT 48 & % (K-Nearest
Neighbors, KNN) . #Rumth 2+ (eXtreme Gradient Boosting, XGBoost) 2§, AN[A
MEEEAARIRR A, W RG] T B S W ids, R TRESl, &—
M RARR—ANRE, A SCRERFE A R BUE, A5 SRR —Phar 2
SR, G T AL NFREMAERE . BEALARAREONE T 2R 2 02K in i, 32 2 FE AL
M PR AE AR ARG 22 ST, I 2 A D SRt ) 45 SRR AT 45 52 ki e i & 1) 70
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