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Abstract Objective: To establish a predictive model for central lymph node metastasis(CLNM) of papillary

thyroid carcinoma(PTC) based on ACR TI-RADS grades(ATR model) and evaluate its diagnostic efficacy. Meth-

ods: A total of 319 patients with PTC diagnosed from January 2019 to May 2020 were included, including 366

nodules were used as the modeling cohort to construct the risk prediction model. A total of 105 PTC patients with

121 nodules from June to August 2020 were included as the external validation cohort. The C-index of the model
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was calculated and the Hosmer-Lemeshow goodness-of-fit test was performed to compare the diagnostic efficiency
of ACR model and those conventional imaging models. Results: The ATR model, Y=—3.719+40. 765 X gender—+
1. 094 X multifocality+0. 08 X maximum diameter=+ 0. 266 X ACR TI-RADS score. In the training set. validation
set and external validation cohort, the model C-index was 0. 758(95%CI: 0. 699—0.817), 0. 717(95%CI : 0. 619
—0.815) and 0. 756(95%CI : 0.671—0. 840), respectively. The Hosmer-Lemeshow goodness of fit test showed
that the prediction rate of the model was consistent with the actual incidence rate(P =0.918; P =0.581; P =
0.366). With ==0. 434 as the diagnostic threshold, the model had the highest diagnostic efficacy (sensitivity:
86.0% » specificity: 56.3%, Youden index: 0.423). In the external validation cohort, there was no significant
difference between C-US and CT(P>>0. 05). Compared with C-US and CT, the sensitivity(66.1% vs 16.1%, P
<C0.001; 66.1% vs 9.7%, P<C0.001) and accuracy(68.6% vs 55.4%, P=0.041; 68.6% vs 52.9%, P=
0.012) of ATR model were higher, and the negative predictive value was higher than that of CT (66.7% vs
50.9%, P=0.042), but there was no difference between ATR model and C-US(66.7% vs 52.3%, P=0.066);
There was no significant difference among the three positive predictive values (70.7% vs 83.3%, P =0.211;
70.7% vs 85. 7%, P=0.319; 83.3% vs 85.7% ,P =0.713), but the specificity of the model was low (71.2%
vs 96.6%, P=0.001; 71.2% vs 98.3%, P <C0.001). Conclusion: The predictive model based on ACR TI-
RADS grades can predict CLNM of PTC more accurately and sensitively than traditional imaging examination.

Key words thyroid neoplasms; central lymph node; computed tomography

535 4

FHOIR IR %L 3k IR 98 (papillary thyroid carcino-
ma, PTC) 8B & 7 i p g X bk 2 45 7 # (central
lymph node metastasis, CLNM) i, & & & W5
AN LA JRURS: B S A L R oA A R R R S R
CLNM - % F AR Jr %8 42 o0& W DA Sk 2> F AR
I A AE B & g, {H H R S A (cervical ultra-
sound,C-US) il CT 242 W CLNM {1 i R A%
B ELA R T 5 A A R DG IR 00 AR A {H 3 58
] 0 A3 2 2 HOBR R S A8 25 AN B d R 48 (ACR TT-
RADS) P53 Gt b 3 A5 R o oF WL GE Y . AR5
BIEHT ACR TI-RADS F43 £ 4t #4 & XU 75 )
BRI (LLF AR ATR A8 3 5 C-US.CT Xf Lk,
Sy M7 HAL Wi sk g .

1 BRE5HE
1.1 IR %R

o] Jos P e B 2019 AF 1 H—2020 4F 8 H T3 B
A7 FR MR 4 D) sk 4 DI BR R + S ik L 45 % 1 (.
5 g AT 0K S 9 AE B R 559 ] 3k
678 MU . MK HE AN A 5 HEBR bR oL B & 424
PTC H# 4t 487 MUw M (1. 6 ~72. 0 mm) 94 A F
5%, Hb A 45 367 B SR kL 51 1] 2 MU kL 6 1]
3SHMUE AL . WA H B E R L KR 32 1t
1] 53 Ay FE A BA B 5 A1 8 56 SE A BT, i ¢ A A BA 3]
It 319 i 3 (366 MU kD L Hod B 79 i, 4 240
B AF A 18~76 4 s AMERISAIE A B 105 i 3 (121
Kokt , Horp 55 27 i), 22 78 il AR S 19~76 %,
ARSI K IR 7+ 3 Fo o Bl ML AR B I 25 4R 5 0
A4 I TS TR A S 5 D 3 G TIE 5 A0 98 IE BA %1
FHF B R AR5 500 5 12 Wi S RE X H A A il sk AR
B MR CT K2 25 51 Ko B 45 1 (4 45 9 4
o A E TR LA RN ) . AR R B A AR
BB NI A M4, A BB I A3
ARSI 2 AR EA (B A VB SR NE

B NI S A AR S, B WA — N B R
W . AWK B Be A0 B 2% 51 S5t .
1.2 A HEbR bR

AR E . DR =18 & @O RATAT H R AR K
XA 25050 Ik [ 465 88 75 A A 5 A AT A7 H PR AR 8 20135
CT K s @ HOIR B 95 bk K S0 bk 1 45 R 5 8 2 4R
R PTC, HEBRbRE: OAERY <18 % ; QM /5 e kL K
FMEAREEE; OCT BRI AR @ FARE T AR S
O P VAL AN E S5 1 45 7 55 90 BE B B A o AR R —
25 © 9 B2 W XU AR - PTC A3 B 251350 4 12 &%
L
1.3 &5k
1.3.1 HAEUgs 5 R Siemens S3000 %Y
HBFEALES IR MR K 7~9 MHz; Hitachi Vision
Preirus AU 5 {8, K MK 7~13 MHz; Mind-
ray Resona 7 s B8 75 {045 . 5L W% 7~14 MHz,
MR IR IR S S A AT A IR A R, BRI
AR ER Tt R B A LB 8 s A R AR
{7 B K KR R AP AR 4 ACR TI-RADS ¥ 4 45
(R DX kL AT PE 400 5 AR U 1 40 1 BIF 5 45 2R 43
B #0058 b (25 2 A B K =0, 5 I ORI
R E T3 2% VA5 Ak | i 2 Y iR A R a4 A R 1 A
TIE B HR 0 Sl 8 75 R B 45 5L RS P M 4 5 5 B B
P,
1.3.2 CTiU#s 5 KM Siemens Somatom
Force CT, FHEE 5 mm,. E#HEE 1. 25 mm.
VRN EE LG E RS, HE g s
ik SR BE R 350 mug/ L B T T VS AR 4 R
F R T L e B R AT A = e )43
H930 5,28 .30 s, RATHH CT 2 Wih B4 9%
HEURR (%) 3 5 1 I 0 o A% 5 B AR 3 5050 CT 12 W it
oK B E RO CT S0k 045 5% B B0 sl 5% B
BFH:



PRAT B, 4. 36T ACR TI-RADS 3 4344 g FOBR AR 3L Sk bR Js 350 v ok DXk 2 95 e 6 IR, ot ) 466 721

B 2 Wik Re T A < 775 .

o509 i1
% 1 ACR TI-RADS £ 5 k5 i
ik % IYE || iES A
% 5 4k,
Ei4 e 0 HRERBIESLHML 0
pi i 1 Kk 1
S 2 TR A5 1k 2
h% D 3
JEW AT ER 0 [m] 7
43 W AR 2 N 0
s 250 3 IR A 1
JE AR BN 2
78 9 <1 0 e A1 7] 75 3
B =1 3

T - ACR g 26 [ OS2 23 s TERADS S HUR AR 5% 2 4H
AR R 5L

1.3.3  BERIMGEE A UE B A 51 Y I 25 4R Al 1
RERFF 3 AR Y 29K % TARRAE T & (ROC) F 1Y
THALCAUC) , g9 A F 1L 1) 45 % A2 i A7 A %, 1 01
kb 0 B BRI KR ACR 4. 72 DR 4
T AN 56 UE B 51 53 53] 326 A7 P 38 56 F B A1 6 E

1.3.4 = Em CLNM 2 Wi fe b 4+
BB 58 1E BA B T AR BT A 9 kL ) ATR BB 3, IF
W bR K e 3 — o 548 &, 1H R
C-US.CT K ATR ¥ K2 W 77 5 R R WUE  FF
SR L BE P TR0 AR L B P 0 A 3 X e o B = 2

1.4 GEils0rik

411 2 4 M % A Rversion 4. 0. 5 Chttp://
www. r-project. org/)., % Kolmogorov-Smirnov
TE SRR B9, AS W 5% T A 3% 22 78 i B o AR IE & 4
A3 DALY A ) B )7 6 5 43 278 ALK
CBY"RR . H orms GFAT A 50T I 2 48 &
Logistic [ 43 B , 4 P8 2% b {5 B #E W] Cakaike in-
formation criterion, AIC) ¥ FEALAY , H- 3R LAl 57 &
[ R 2 194 # E Codds ratio,OR) & 95% CI, 77
15 BAZ] K AR 6 UE BA Y, B FH val. probO) pRER &
C GL it i (C-index) WAL #8 8 IX 73 B2 5 5k . Hos-
mer-Lemeshow #0500 BE K 50 17 Al 155 784 () — Sk
M ROC h £ 3k BB i i AR 2 Wi ik (6 . 12 Wik i
Xt He 43 #r ¢ A AR 56k BA B e, N Fisher's A% i
MWERREEXT I 3 B AT 6 3 L RBUEE JRe 5 5 L 1
PETIAE L BH A . DL P<<0.05 NM2ZERFA S

RS-0
2 #£R

2.1 AR

PR By B I 2 A% B Logistic [0 9 43 #r 4 45
FRE M kR | B K AR L ACR 19 S5 48 b
S ST fE B WU R & (R 20 3), A/ AIC fH
(315. 017) XN i ATR BEFLGNF .

Y=—3.71940. 765X X1+1. 094 X X2+ 0. 08 X
X34-0. 266 X X4

F2 BEMAIRIMNDIGIER S PTC B B — A & BN B B 451

A A F) AN B TIE BA 5]
CLNM Bt CLNM P4 CLNM B4 CLNM [H

B/ 148 49 56
S5 /K 162 204 59 62
/% 47.50[38.00,53.00]  45.00[33.00,53.00]  50.00[37.00,54.00]  47.50[35.75,52.25]
PRI/ 1)

% 120¢81. D 120(70. 2) 39(79.6) 39(69. 6)

% 28(18.9) 51(29.8) 10(20. 4) 17(30.4)
2R/

i 117(72.2) 112(54.9) 48(81. 4 28(45.2)

2 45(27.8) 92(45. 1) 11(18. 6) 34(54.8)
DL /)

il 77(47.5) 88(43.1) 28(47.5) 25(40. 3)

Fin 83(51.2) 106(52.0) 30(50. 8) 29(46. 8)

e 3 2(1.2) 10(4. 9) (1.7 8(12.9)
YN 7.00[5.00,11.00] 10.50[7.00,16.00] 7.00[4.60,10.00] 9.50[6.25,15. 00
ACR ¥4y 9.00[7.00,10. 00 10. 00[8.00,12.00] 10. 00[9.00,11.00] 11.00[10. 00,13. 00

7 P R I B 5 L /49 (04

[
PR

153 (94. 4
9 (5.6)

155 (76.0)
49 (24.0)

57 (96.6)
2 (3.4

52 (83.9)
10 (16. D)




. 776 - e PR - 5 WA e Sk 35 1 ) 2 7 W35 4
#3 il PIC## CLNM WRETENHT £T=HEE R ATR #E OR (95%CI)
AR 13 T p AR AR P ATR #H P

AR 0.99€0.97,1. 01> 0.211 1.00€0. 98,1.03) 0. 889 — -
PE 1.9(1.08,3.33) 0.026 2.23(1.16,4.3) 0.016 2.15(1.12,4.12) 0.021
E.a 2.23(1.32,3.76) 0.001 2.88(1.57,5.31)  <C0.001 2.99(1.63,5.47) <0. 001
7B

iy S8R - 248 b - - -

Fi 1.23(0.75,2.01) 0.412 1.040.6,1.8) 0.903 — —

U S 6.23(0.74,52.22) 0.091 6.77€0.71,64.82) 0.097 — —
SN 1.09(1.05,1.13)  <€0.001 1.09(1.04,1.13)  <€0.001 1.08(1.04,1.13) <<0. 001
ACR P45 1.25(1.13,1.38)  <<0.001 1.31(1.16,1.47)  <<0.001 1.31(1.16,1. 46) <0. 001

ML S A VY
ST

La: 2200 HUR R SRR L — AN (ML, a3 SR KBENR 11,4 mm, m o th =1, WA S, BS
fI% [0 75 LR A5 Ak L 10 2 36 B0 A AN R IR » ACR TI-RADS 204 11 435 b [A] — 5 35 (0 A B BRI 8 75 46 A 4 e o9 —
ANEESRT (M2, FEAFT 0 s Te: IR RSS9 FLAG 2 R ARE -T2 4L {6, X 100) /R XU &5 5 ¥k PTCL BN & &k 1d. Fi
TR DX B 45 R AR AR AR 5 Te: 3K B 45 5 BAG #F CF ARHE PP 21 e £, X 40)TIESE A CLNM,

1 16147 % %% PTC £ CLNM £ & 1l R 3% £

Hop X1 R 0==%,1=5),X2 Nkt 5k
SRR 1B 0,2 # K& DAL B IR AE
1),X3 M KkE(mm), X4 i ACR V4. ARHEA
LB 47 2 Lotk ATR BERILE N 1. 21 43 & B
WESE N £ % PTC A Hp e Xtk B 45 5 B (CLNMD ,
WE 1, BAEAERGFMXSE.CHEite N
0.758(95% CI:0.699~0.817) H H — 3 ¥ B 4
(Hosmer-Lemeshow fl 4L E /KK, P =0.918),
W 2a, ROC 4 #1  7n A5 R 5 432 W 88 (H h
0.434,42=0. 434 W}, # % £ 45 & CLNM; # ]
BE L RE R BE R 29 % 48 B Bl & 0.860. 0.563.
0.423, WL 2b,

2.2 BIRUEGIE
LAY PN 56 E B b 3 86 3E C-index 43 51 Ry

0.717(95% CI:0.619~0.815),0.756 (95% CI :
0.671~0.840) , CLNM Ay Fil il & A= % 5 52 PR & A4
LA AT — B0 (P =0. 581, P =0. 366) , WL [&l
2c.2d,
2.3 BiRE C-US.CT 9y CLNM 2 W5k fig
C-US.CT K ATR BiAY2 Wi iy 25 2% 0L 3% 4.
Hrr ATR SR AAF & 2% L 7 805 S B PR 10 I 4 1
BAR G AR A 3 =, R 5 WS AIR
3 it
CLNM & IIfi IR B AE Yo & & o PTC 8 it
A7 2000 I B 45 0 9 0 I AR R L (BB AT C-US K&
CT g2 R i e R AT B K 8 CLNM 1% i i 14
hEm ANEDY . AETI. A%E N BN CT
SR A S A, DA R B0 CLNM. (1 HE A %6, {H i



PRAT B, 4. 36T ACR TI-RADS 3 4344 g FOBR AR 3L Sk bR Js 350 v ok DXk 2 95 e 6 IR, ot ) 466 721

%09 1

B 2 Wik Re T A

o 777 »

BRI A7 25 T A R Y BRI i 0k AR B TN
4 2017 B ACR TI-RADSM X BBk i 285 715 1
RS AIE G M R AT S LA R 4 T s W L 1)

1.0
CHE# 0758
P& 0.918
0.8
o
_HO.G
?5
! — BERANSHLE
0.2- ESHB S ML
0- Vil m\".H‘||H||||‘u|‘1“‘:’H\|‘|\H||I\H|‘.m‘,1‘\‘ ‘Ih 11
T T T T T
0 0.2 0.4 0.6 0.8 1.0
T & £ %=
109 cms  orvz
P& 0.581
0.8
SN
iHO'G
i
{?}(0'4 S
— BERENS M
0.2- ESHIE L
o4 7 \IH|.|‘HHW\‘ |]‘|HH|HH|H‘\3‘\’|I||
I T T T T I
0 0.2 0.8 1.0

0.4 0.6
bl g

AR L H R ATC o Fy 7 3 F ACR TI-
RADS 343 Tl CLNM Ry #8 75 5 1 515 5 52 1%
ESON AL e S 1

0.434 (0.563, 0.860)

AUC: 0.758

Ca# 0.756
P& 0.366

SELE
— EBERENSHE
ESHME L

i byl H‘.m\!.‘.n LI I\H‘[I‘.m :
0 02

04 06 058 10
Tl & &%

2a: ATR B8 72 A8 BA B op Il 25 48 A B T 2 5 2b - ATR A8 (1 ROC 28 18] 5 2. ATR BB A5 @ A5 B o 0 38 4 19 1%

MEHI 2k 5 2d - ATR BEBYTE SR 56 0E BA B 9 A2 HE 2k

B2 ATR &N PTC & CLNM #% i # & B & ROC H & &

F4 C-US.CT K ATR #HE RSB L aEXFLE X

A e gnae  HIE I P
i H FaEx REE RRE B F
C-US 55. 4 16. 1 96. 6 83.3 52.3
CT 52.9 9.7 98.3 85.7 50. 9
ATR Bi#  68.6 66.1 71.2 70.7 66.7
x® 0.24 0.64 0.00 0.13 0.04
xY 4,17 25.71  10.32  1.56 3.38
x2? 6.35  33.03 14.06  0.99 4.12
pP? 0.624  0.423  1.000  0.713  0.832
P 0.041 <C0.001 0.001  0.211 0.066
P? 0.012 <C0.001 <C0.001 0.319  0.042

. C-USH CT Hd;” C-US 5 ATR #55 [b 44
OCT 5 ATR B/ L,

A 5T BAAS B e 2275 e Logistic 8115 43 #r 4%
FRRPEN . £ %R kR KR R ACR P4 2
CLNM i fa N &® . BraE SR E L
LS I CLNM(OR =2. 15, P =0.021) , 3%
50k E A -8 A E AR S E SR
PEBR 22 A G SCER R, 2 o o R

PR KAz 28 M L 3 AT LA B A 58 b o Ak 2
k& CLNM s kW R 2 —"" . h TR
7% 2 BB 20 B 396 k22 X — A8 1 4 T R s s B
e R T VS T 428 N S VA= I R S AR 2 NP
RAR AT BE LS AT ERIER L IR E R BN
Hn M Rl R B B K AR S R G e R A R
24 A 1% A% 184 B ) A7 DG, A3 R A i i Jd 20 M 1Y
s 348 () R R, e A R R B Rk
T HE K, B R M K T [l 28 21 1Y mT de Pk 1 s AR
N ACR P40 55 5, & AE 3003 ik L 45 A Oz B ik
ARG 10 AU M R T AR T 9% 45 SR AF S5 9 kL 1 e
K#E5 ACR PE4r42 CLNM a7 s £, x 5
REFEDF o 45 SR — 5,

SCHR R 07 8 5% 7% fa B P 3R T A AL,
By FHU CLNM (& A, {8 3% SE B8 B 94 A /Y 75
SRS IR AN — B MG IR B A xE AP ACR
TI-RADS P43 X HUR B kb R 47 R G0 37 IF i
fb, %45 T PTC T A AR RRE AN UA B T 4 1
VEAY s 58 A R R A ™ . AR BESE DL AIC
PHE 0] s e A TR S5 R R BT B RO X B S



o 778

s A - S W e S 0 41 8k i ks

535 4

—HM ke B . Lh 0. 434 R is Wi A, B
YK B 5 K B2 Wk e (RO £ 86. 006, e 57 B
56.3% B FEEL: 0.423), HAMARBFREI, C-

US 5 CT Xt CLNM RyiZ Wi fig 7 2 A B4R H =%

ZIHEES . X5EEFT IR -8 5

C-US K& CT *f b, ATR 8B AT W5 B 45 45 5

S 5 I T (R, 3R W AR R n] LS AR

HER LTI PTC M B AEA CLNM, [HARR

ARG ARK A A L R S B IR, A RS C-US

Ko A AT R A2 W ALRE L X A Rt — DY
BT ACR TI-RADS 3F43H1 ATC i I 4

f9 PTC Hh g DXk L 235 5 7% T 00 A5 284 HC 12 K 38 RE G

TG 58 5 AR = K A, ] DLTE R AU o 0

CLNM, i 7 AN b 2 (1) S5 bk T 4508 49

5% ik

[1] Jiang LH., Yin KX, Wen QL. et al. Predictive Risk-
scoring Model For Central Lymph Node Metastasis
and Predictors of Recurrence in Papillary Thyroid
Carcinomal[ J ]. Sci Rep,2020,10(1) :710.

[2] Welch HG,Doherty GM. Saving Thyroids-Overtreat-
ment of Small Papillary Cancers[J]. N Engl J Med,
2018,379(4) :310-312.

[3] Xing Z,Qiu Y, Yang Q, et al. Thyroid cancer neck
lymph nodes metastasis: Meta-analysis of US and CT
diagnosis[ J]. Eur ] Radiol.2020,129:109103.

[4] Tessler FN, Middleton WD, Grant EG, et al. ACR
Thyroid Imaging, Reporting and Data System ( TI-
RADS) : White Paper of the ACR TI-RADS Commit-
tee[J]. ] Am Coll Radiol,2017,14(5) :587-595.

(5] MOmEm, LIt ak . 5 B 5%, 2. S0E0 ik O 85 A R
DRI, 0 00 A2 81 ) A e o L 1. vl R B 2 e s
2020,36(4):314-317.

[6] Kim SK, Woo JW, Park I, et al. Computed Tomo-
graphy-Detected Central Lymph Node Metastasis in
Ultrasonography Node-Negative Papillary Thyroid
Carcinoma: Is It Really Significant? [J]. Ann Surg

Oncol,2017,24(2) :442-449,

(7] B, HEE, XA, 5. 85 R SR vg
AR R AR FL 3k R i B0 v e Xk L S5 R R 12
Wi i (B LB (). P AR A R 1R 2 2% 3L 2019, 28 (10)
882-887.

[8] Lu W,Zhong L,Dong D,et al. Radiomic analysis for
preoperative prediction of cervical lymph node metas-
tasis in patients with papillary thyroid carcinomal J .
Eur J Radiol,2019,118:231-238.

(9] Piver &, ol 75 . 2838 ¥ . HAR MR G0/ 3L R s i IR 2%
AP R AE 5 e DXk O 4 B B B fa B R R [T L e R
L Sk BN 4k, 2021, 35(3) : 260-263.

[10]  XBAKF, 225K BRI A 45 TR 0/ 20 3k R
PR AE S UM 5 e RS AR G I R A AT LT . IR R
FB RS2 ,2017,19(6) 1 424-426.

[11] Feng JW.Qu Z,Qin AC,et al. Significance of multifo-
cality in papillary thyroid carcinomal J]. Eur J Surg
Oncol,2020,46(10 Pt A):1820-1828.

[12] Oh HS.Kwon H,Song E,et al. Tumor Volume Dou-
bling Time in Active Surveillance of Papillary Thyroid
Carcinomal J]. Thyroid,2019,29(5) :642-649.

[13] Ak, B E 5, 240 3, 55, HUR IR TI-RADS 8 75 45
RS M A YA AT A RO T EBEAEY K,
2016,32(10) :871-873.

[14] fay 25 2%, 4 e, 8424, 2. 3 T ACR TI-RADS 43 2%
e HELR B L Sk R 9 vk T2 45 2 B DAL A8 AR iy 0 [T .
LR 22 4R (B 24 D ,2018,39(6) : 941-947.

[15] 455,657 M5, B8, 55, cNO 1 H AR B S/ 3 3k R 98
T O 45 e B A B0 1) A o R0 3 i DA B T R O R
(0. e PR B o WA 0 K 39140 7 2% 75 2021, 35 (2) - 137-
140.

[16] Yu J.Deng Y. Liu T,et al. Lymph node metastasis
prediction of papillary thyroid carcinoma based on
transfer learning radiomics[J]. Nat Commun,2020,11
(1) :4807.

O3 B #1.2021-06-30)



